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Emulsion  Polymerization  of  Synthetic  Rubber  in  10-Gram 

Systems 


An  Experimental  Technique 

CHARLES  F.  FRYLING,  The  B.  F.  Goodrich  Company,  Akron,  Ohio 

The  experimental  procedure  consists  of  sealing  the  ingredients  of  a  polymerization 
recipe  into  a  test  tube  and  rotating  the  tube  at  a  constant  temperature,  following  the 
course  of  the  reaction  by  noting  the  decrease  in  volume  of  the  system.  The  latex  is 
removed  for  coagulation  when  the  polymerization  has  proceeded  as  far  as  desired, 
and  the  yield  is  determined  by  weighing  the  dried  stabilized  coagulum. 


IN  DEVELOPING  practical  recipes  for  the  manufacture  of 
synthetic  rubber,  it  was  desirable  to  investigate  the  effects 
on  the  polymerization  process  of  a  large  variety  of  highly  puri¬ 
fied  substances.  Only  small  quantities  of  many  materials  were 
available.  Furthermore,  in  order  to  obtain  valid  comparisons 
between  experiments  conducted  over  a  period  of  time,  it  was 
necessary  to  keep  standardized  samples  of  the  major  compo¬ 
nents  and  to  use  them  as  econonomically  as  possible.  These 
considerations  led  to  the  development  of  a  small-scale  polymeri¬ 
zation  technique  whereby  from  10  to  20  grams  of  monomers 
could  be  employed.  By  this  method  an  extraordinary  amount 
of  valuable  information  was  obtainable.  This  included: 


Control  testing  of  raw  materials.  The  particular  properties 
essential  for  polymerization  of  all  shipments  of  materials  intended 
for  large-scale  production  can  be  tested  quickly.  A  good  corre¬ 
lation  can  be  obtained  between  the  experimental  results  of  this 
method  and  behavior  on  a  manufacturing  scale. 

The  most  serious  limitation  to  this  technique  is  that  materials 
cannot  be  added  to  or  subtracted  from  the  system  once  poly¬ 
merization  has  started.  [Balandina  et  al.  described  a  similar 
technique,  the  details  of  which  are  not  readily  available  to 
English-speaking  investigators  (I).] 

RECIPES  FOR  POLYMERIZING  SYNTHETIC  RUBBER 


1.  Yield 

2.  A  polymerization  reaction  curve  from  which  to  estimate 
length  of  induction  period,  if  any;  rate  of  polymerization  at  any 
desired  time;  and  over-all  conversion  at  any  desired  time 

3.  Kind  of  emulsion — i.e.,  whether  fluid,  viscous,  gelatinous, 
or  heterogeneous,  at  any  stage  in  the  process 

4.  pH  of  emulsion  at  end  of  process 

5.  Qualitative  observations  on  coagulation 

6.  Production  of  a  sample  of  synthetic  rubber  sufficiently 
large  to  determine  solubility,  milling  characteristics,  and  cured 
properties  by  procedures  described  by  Garvey  (2) 


This  small-scale  technique  has  been  employed  for  investigating 
polymerization  of  a  large  number  of  monomers  and  comonomer 
mixtures,  for  evaluating  emulsifying  agents,  for  determining  the 
effect  of  impurities  in  the  reagents  employed,  for  varying  the 
comonomer  ratio  and  the  ratio  of  hydrocarbons  to  aqueous  phase, 
and  for  investigating  behavior  of  various  initiators,  inhibitors, 
and  other  ingredients  of  the  polymerization  recipe.  It  proved  to 
be  especially  advantageous  in  providing  information  on  the 
effect  of  some  one  ingredient  over  a  range  of  concentrations. 
The  influence  of  reaction  temperature  was  readily  determined. 
In  general,  the  advantages  of  the  technique  were  particularly  ap¬ 
parent  in: 


Preliminary  surveys,  where  wide  areas  of  investigation  had  to 
be  covered  in  the  shortest  possible  time.  The  method  is  amen¬ 
able  to  simple  labor-saving  tricks,  such  as  filling  a  large  number 
of  reaction  tubes  at  the  same  time  with  solutions  of  a  given  emul¬ 
sifying  agent. 


The  development  of  satisfactory  polymerization  recipes  is  one 
of  the  important  objectives  of  synthetic  rubber  research.  Patent 
literature  contains  many  examples  of  such.  The  following,  from 
a  U.  S.  patent  issued  to  Wollthan  and  Becker  (5),  and  recalculated 
to  the  scale  of  this  technique,  is  perhaps  typical: 


Butadiene 

Styrene 

Isohexyl  mercaptan 
Water 

Sodium  oleate 

Ammonium  persulfate 

Temperature 

Time 

Yield 


7.5  grama 

2.5  grams 
0.05  gram 

18.0  grams 
2.0  grams 
0.03  gram 
30°  C. 

“Several  days” 
“Excellent” 


An  understanding  of  the  function  of  each  ingredient  is  essential 
In  the  above  example,  the  butadiene  and  styrene  are  the  mono¬ 
mers,  which,  by  copolymerizing,  form  synthetic  rubber.  The 
isohexyl  mercaptan  is  described  as  a  substance  exerting  a  “regu¬ 
lating  effect” — i.e.,  it  possibly  decreases  the  branching  charac¬ 
teristics  of  the  resulting  polymer.  Sodium  oleate  is  the  emulsify¬ 
ing  agent,  and  the  ammonium  persulfate  acts  as  the  polymeriza¬ 
tion  initiator,  also  called  the  “polymerization  catalyst”. 

The  possibilities  of  research  on  such  a  system  are  great  and 
are  increased  by  the  fact  that  a  variation  introduced  in  any  one 
ingredient  may  require  a  concomitant  change  in  some  other  in¬ 
gredient.  For  example,  substituting  another  substance  for  the 
initiator  might  require  a  change  in  the  type  of  emulsifying  agent 
employed  in  order  to  get  satisfactory  results. 
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GENERAL  CONSIDERATIONS  ON  TECHNIQUE 

Polymerization,  while  a  science,  is  also  an  art.  The  way  in 
which  things  are  done — that  is,  the  niceties  of  experimental  tech¬ 
nique  employed — is  of  equal  importance  to  the  scientific  aspects 
of  the  subject.  Unless  this  viewpoint  is  kept  clearly  in  mind,  the 
investigator  is  frequently  confronted  by  baffling  failures.  Emul¬ 
sion  polymerization  is  particularly  susceptible  to  the  influence  of 
traces  of  contaminants.  The  equipment  of  a  research  laboratory 
may  be  covered  with  dust  which  contains  inhibitors  or  accelera¬ 
tors  of  polymerization,  indeed,  some  substances,  which  under 
certain  conditions  inhibit  polymerization,  may  under  sightly  dif¬ 
ferent  conditions  act  as  catalysts.  Nevertheless,  the  difficulties 
confronting  the  investigator  can  be  avoided  with  a  little  care  and 
forethought. 


Weighing  Butadiene 


In  general,  solutions  or  other  substances  to  be  employed  in 
polymerization  experiments  should  not  be  exposed  to  atmos¬ 
pheric  contamination  for  longer  periods  than  necessary.  Glass 
stoppers  afford  adequate  protection.  The  contents  of  a  flask 
may  be  temporarily  protected  by  covering  the  mouth  with  a 
sheet  of  clean  dry  tinfoil.  Cork  stoppers  should  be  avoided; 
but  if  necessary,  they  can  be  covered  with  tinfoil.  In  no  case 
should  the  alkaline  contents  of  flasks  come  in  contact  with  tin- 
foil. 

Glass  bottles  and  flasks  must  be  clean.  In  most  cases  treat¬ 
ment  with  chromic  acid  cleaning  solutions,  followed  by  rinsing 
with  tap  water  and  then  distilled  water,  is  adequate.  Reaction 
tubes,  however,  require  more  effective  cleaning. 

In  one  operation  it  is  convenient  to  pour  the  volatile  contents 
of  a  Dewar  flask  through  a  short  length  of  rubber  tubing.  Al¬ 
though  rubber  contains  antioxidants,  accelerators,  and  other 
chemicals,  no  trouble  is  experienced  from  this  source  if  the  rubber 
tubing  is  first  extracted  by  boiling  in  several  changes  of  acetone. 
This  can  be  done  (on  a  steam  plate)  in  a  covered  beaker  if  a  sizable 
piece  of  dry  ice  is  placed  on  the  watch  crystal,  which  thereby  be¬ 
comes  a  convenient  reflux  condenser.  The  extracted  tubing  can 
be  kept  in  a  stoppered  wide-mouthed  bottle  for  future  use. 

Certain  monomers  can  be  efficiently  separated  from  powerful 
inhibitors  added  as  stabilizers  by  distillation  through  relatively 
simple  equipment.  The  practice  of  distilling  monomers  in  the 
absence  of  an  inhibitor  should  be  avoided  because  of  the  danger 
of  explosions  due  to  the  accumulation  of  peroxides  in  the  distillation 
residue. 

It  has  been  customary  in  the  laboratory  to  prepare  fresh  sam¬ 
ples  of  butadiene  by  condensation  in  clean  glassware  from  a 
stream  of  gas  taken  from  a  large  cylinder  of  liquefied  material. 
Higher  boiling  monomers  are  freshly  prepared  by  atmospheric, 
vacuum,  or  steam  distillation  as  required.  All-glass  distillation 
equipment  is  most  satisfactory.  The  unstabilized  monomers 
can  be  kept  stoppered  in  a  refrigerator  at  —30°  C.  for  several  days 
without  detectable  deterioration. 

Sometimes  repetition  of  an  operation  is  advisable.  Metallic 


polymerization  vessels,  no  matter  how  carefully  cleaned,  may  b< 
inhibited;  merely  emptying  and  recharging  are  often  sufficien 
to  ensure  a  satisfactory  reaction. 

There  is  no  substitute  for  constant  care  and  cleanliness  on  th< 
part  of  the  investigator.  A  careful  experimenter  can  easily  ad' 
just  the  weight  of  small  portions  of  certain  monomers  using  i 
clean  medicine  dropper,  while  a  careless  experimenter  (perform 
ing  the  same  operation)  can  ruin  a  large  number  of  experiment) 
by  allowing  the  monomer  to  come  into  contact  with  the  rubbei 
bulb  of  the  medicine  dropper. 

EXPERIMENTAL  PROCEDURE 

The  ingredients  of  a  polymerization  recipe  are  sealed  into  a  tes 
tube,  which  is  rotated  at  a  constant  temperature.  The  course  o 
the  reaction  is  followed  by  noting  the  decrease  in  volume  of  thi 
system,  and  the  latex  is  removed  for  coagulation  when  the  poly 
merization  has  proceeded  as  far  as  desired.  The  yield  is  deter 
mined  by  weighing  the  dried,  stabilized  coagulum. 

Pyrex  reaction  tubes,  22  mm.  in  diameter,  approximately  51 

ml.  in  capacity,  to  the  upper  end  of  which  are  sealed  10-mm 
diameter  Pyrex  tubes,  may  be  obtained  in  gross  lots  from  thi 
Corning  Glass  Company,  according  to  the  following  specifica 
tions:  “Glass  tubes,  Pyrex,  22  mm.  O.D.  X  1.5  mm.  walls  (uni 
form),  215-mm.  body  to  neck,  22-mm.  tapered  shoulder,  145 

mm.  neck.  10-mm.  neck  X  1-mm.  wall  thickness”.  These  cai 
be  made  by  the  experimenter,  but  it  has  been  found  cheaper  t< 
purchase  them. 

New  tubes  are  cleaned  by  rinsing  with  distilled  water  and  an 
hydrous  c.p.  synthetic  methanol,  in  that  order,  and  evacuatinj 
until  dry.  Evacuation  may  be  accomplished  with  a  Cenc< 
Hyvac  pump  connected  in  train  through  a  dry  ice-acetone  trap 
which  condenses  the  methanol  and  prevents  diffusion  of  any  vola 
tile  inhibitor  back  into  the  tube.  Acetone-extracted  rubbei 
tubing  is  used  to  attach  the  reaction  tubes  to  the  vacuum  system 

Old  tubes,  after  being  cleaned  in  a  chromic  acid  bath,  are  re 
paired  by  sealing  new  necks  of  10-mm.  Pyrex  tubing,  10  cm 
long,  to  the  shoulder  of  the  tubes.  The  open  ends  are  fire-pol 
ished.  The  tubes  are  then  subjected  to  the  cleaning  treatmen 
recommended  by  Suess,  Pilch,  and  Rudorfer  (4).  Clean  con 
centrated  nitric  acid  is  poured  into  the  tubes  and  allowed  t( 
stand  from  16  to  24  hours.  If  the  tubes  are  required  at  once 
they  are  filled  to  the  shoulder  with  nitric  acid  and  gently  heatec 
from  15  to  30  minutes,  then  rinsed  three  times  with  tap  water 
One  rinse  should  completely  fill  the  tube  to  displace  all  the  fumes 
After  two  additional  rinses  with  distilled  water,  the  tubes  may  b 
dried  with  synthetic  methanol  and  evacuated.  If  desired,  thi 
methanol  rinse  and  evacuation  can  be  dispensed  with  by  allowing 
the  distilled  water  to  drain  from  the  inverted  tubes  overnight 
The  dry  tubes  are  stoppered  with  No.  0  corks,  which  have  beei 
covered  with  fresh  tinfoil,  and  the  tubes  are  kept  in  a  clean  placi 
until  used. 

Solids  may  be  added  to  the  reaction  tubes  in  quantities  as  lov 
as  0.5  mg.  from  small  aluminum  foil  weighing  scoops.  If  dupli 


Adding  Butadiene  to  Reaction  Tube 
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ate  quantities  are  to  be  used  throughout  a  series  of  experiments, 
11 1  is  convenient  to  dissolve  organic  compounds  in  the  less  volatile 
omonomer  and  inorganic  compounds  in  the  aqueous  solution  of 
mulsifying  agent. 


e 


Rotation  of  Tubes  in  Constant-Temperature  Cabinet 

r 

) 

I 

1  The  solution  of  emulsifying  agent  is  generally  prepared  sepa- 
|  ately  and  added  to  the  reaction  tubes  from  a  pipet  or  a  graduated 
cylinder.  Since  slight  variations  in  the  ratio  of  monomers  to 
’  iqueous  phase  have  little  effect,  convenience  generally  dictates 
he  use  of  the  latter  method.  The  volume  of  emulsifying  agent 
■rn ployed  may  vary  from  10  to  30  ml.  for  10  grams  of  monomers. 

The  reaction  tubes  containing  the  emulsifying  agent  and  other 
ngredients  are  placed  in  a  refrigerator,  inclined  at  an  angle  of 
!°  8'  from  horizontal,  and  frozen  at  —30°  C.  This  inclination 
1  nay  be  obtained  by  placing  a  piece  of  10-mm.  glass  tubing  under 
he  necks  of  the  tubes.  Unless  chilled  in  this  position,  the  tubes 
vill  crack  when  placed  in  a  dry  ice-acetone  bath.  (The  cork- 
stoppered  glass  reaction  tubes  may  be  laid  on  a  table  at  the 
proper  inclination  and  covered  with  dry  ice.  However,  any 
’  ontamination  of  the  contents  by  carbon  dioxide  will  alter  the 
)H  of  the  soap  solution  and  affect  the  reaction  rate  seriously.) 
-ff  care  is  exercised,  the  aqueous  phase  can  be  frozen  by  direct 
mmersion  of  the  tubes  in  a  dry  ice-acetone  bath,  with  frequent 
Withdrawals  and  nearly  horizontal  rotations,  so  that  the  aqueous 
Shase  freezes  in  contact  with  the  glass  in  the  form  of  a  hollow 
cylinder.  The  losses  due  to  cracking  of  the  glass  are  high  and 
she  operation  is  time  consuming;  therefore  the  method  of  freezing 
"irst  described  is  preferred  in  most  cases. 

In  the  next  step  the  frozen  tubes  are  individually  cooled  further 
n  a  dry  ice-acetone  mixture  contained  in  a  quart-size  straight- 
hded  Dewar  flask.  A  rubber  dam  is  fitted  over  the  tube  and 
die  Dewar  flask,  the  neck  of  the  tube  extending  through  a  hole 
n  the  dam.  This  minimizes  contamination  of  the  tube  with  es¬ 
caping  carbon  dioxide,  and  holds  it  in  a  convenient  vertical  po¬ 
sition. 

The  higher  boiling  comonomer  is  weighed  to  0.1  gram  into  a 
tared,  clean  microbeaker  and  poured  into  the  reaction  tube.  A 
buret  is  sometimes  used  for  this  operation  but  contamination  by 
stopcock  grease  should  be  avoided.  In  either  case  the  opera¬ 
tion  must  be  performed  in  a  rigorously  clean  manner. 

Freshly  distilled  butadiene  is  temporarily  contained  in  a  pint- 
size  Dewar  fitted  with  a  two-hole  extracted  rubber  stopper 
through  which  extend  two  short  glass  tubes  arranged  for  con¬ 
venient  pouring.  The  temperature  of  the  butadiene  is  held  at 
—30°  C.  It  is  weighed  to  0.1  gram  into  a  small  silvered  Dewar 
weighing  flask  using  a  torsion  balance.  The  small  Dewar  is  then 
attached  to  the  reaction  tube  by  a  short  length  of  extracted  rub¬ 
ber  tubing  and  the  butadiene  is  poured  into  the  reaction  tube, 
allowing  about  45  seconds  for  condensation  of  vapor  before  re¬ 
moving  the  rubber  tube.  The  weighing  flask  has  a  10-mm.  neck, 
and  is  11.5  cm.  from  bottom  to  shoulder,  35  mm.  in  outside  di¬ 
ameter,  25  mm.  in  inside  diameter,  and  about  16  cm.  in  over-all 
length.  Such  flasks  have  been  made  in  the  laboratory  but  it  has 
been  found  more  satisfactory  to  have  them  made  by  professional 
glass  blowers. 

The  reaction  tube  is  sealed,  using  a  hand  blow  torch.  It  is  ad¬ 


visable  to  do  the  sealing  close  to  the  open  end  of  the  neck  in  an 
oxidizing  atmosphere;  otherwise  a  carbon  mirror  may  form  on 
the  interior  surface  of  the  tubing  and  prevent  a  tight  seal.  Oc¬ 
casionally,  if  condensation  is  not  complete,  a  slow  blue  flame  trav¬ 
els  from  the  heated  glass  down  into  the  reaction  tube.  It  has 
been  impossible,  however,  to  demonstrate  that  this  brings  about 
any  variation  in  the  ensuing  polymerization. 

POLYMERIZATION 

The  sealed  reaction  tube  is  brought  to  reaction  temperature 
by  immersion  in  water.  The  height  of  the  meniscus  is  deter¬ 
mined  and  recorded,  using  a  millimeter  rule.  The  tube  is  then 
rotated  at  a  constant  temperature  and  readings  of  the  meniscus 
height  are  made  periodically.  It  is  from  these  readings  that  re¬ 
action  curves  such  as  Figure  1  can  be  plotted* 

If  the  polymerization  is  complete  in  less  than  5  hours,  a  water 
thermostat  is  required  to  prevent  temperature  buildup.  How¬ 
ever,  a  thermostatically  controlled  air  cabinet,  provided  with 
shafts  for  rotating  the  tubes,  is  more  convenient. 


io  ao  30  40 

TIME  IN  HOURS 


Figure  1.  Polymerization  Curve 

A  reaction  tube,  prepared  as  described,  using  the  Wollthan  and 
Becker  recipe  (5),  will  give  an  initial  meniscus  height  of  approxi¬ 
mately  110  mm.  During  the  course  of  polymerization,  it  will 
drop  11  mm.  Since  the  height  can  be  read  to  0.5  mm.,  this  pro¬ 
cedure  provides  a  simple  method  of  following  the  reaction  rate 
with  an  accuracy  of  about  5%.  Table  I  shows  for  other  recipes 
that  the  drop  in  height  of  the  meniscus  is  directly  proportional 
to  the  yield  of  polymer,  within  the  limits  of  error  of  the  method. 
If  the  total  decrease  of  meniscus  height  is  measured  just  before 
opening  the  tube,  the  yield,  as  measured  on  the  dry  polymer,  will 


Table  I.  Correlation  between  Percentage  Polymerized  and  Fall  of 


Meniscus  for  Three  Polymerization  Recipes 

-Yield - . 

Fall  of 

Calculated 

Meniscus 

Measured 

from  meniscus 

Difference 

Mm. 

% 

% 

*% 

Series  I 

3.0 

18 

19 

+i 

7.0 

39 

44 

+  5 

10.4 

61 

65 

+  4 

14.1 

89 

89 

Series  II 

3.0 

21 

19 

-2 

7.0 

43 

45 

+  2 

10.9 

70 

70 

0 

14.4 

93 

93 

Series  III 

2.0 

9 

13 

+  4 

4.0 

20 

26 

+  3 

4.5 

26 

29 

+  3 

5.8 

38 

37 

-1 

7.6 

44 

49 

+  5 

7.8 

47 

50 

+  3 

11.0 

67 

70 

+  3 

12.6 

86 

81 

-5 

14.7 

94 

94 
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Washing  Coagulated  Synthetic  Rubber  Samples 


give  an  accurate  basis  for  calculating  the  partial  yields  at  any 
given  time  during  the  process.  Reaction  curves  plotted  using 
these  figures  wall  not  be  affected  by  errors  due  to  variations  in 
diameter  of  the  individual  tubes. 

The  formation  of  foam,  which  breaks  with  difficulty,  frequently 
interferes  with  the  measurement  of  meniscus  height.  In  such  a 
case  the  tubes  can  be  centrifuged  by  swinging  in  a  suitable  tube 
on  the  end  of  a  90-cm.  (3-foot)  rope.  [According  to  Reynolds  (3) 
the  accuracy  of  this  method  can  be  improved  by  constriction  of 
the  tube  at  the  position  where  the  meniscus  is  read,  together  with 
high-speed  centrifuging  and  redispersion  of  the  emulsion  by  shak¬ 
ing  after  the  reading.]  If  a  gel  forms,  or  if  there  is  much  coagu¬ 
lation  during  polymerization,  the  height  of  the  meniscus  cannot 
be  determined  accurately. 

The  end  of  the  induction  period,  or  the  beginning  of  polymeri¬ 
zation,  is  generally  indicated  by  the  appearance  of  a  bluish  opales¬ 
cence,  in  addition  to  the  change  in  height  of  the  meniscus. 

DETERMINATION  OF  YIELD 

Opening  the  reaction  tubes  presents  no  difficulty  except  when 
low  partial  conversions  are  under  investigation.  Then  it  is  nec¬ 


essary  to  break  the  tip  and  direct  the  violently  expelled  foam  int 
a  large  beaker.  The  synthetic  rubber  latex  must  next  be  sta 
bilized  by  the  addition  of  an  antioxidant.  Two  per  cent  of  dis 
persed  phenyl-beta-naphthylamine  has  been  found  convenien 
and  satisfactory.  The  dispersion  of  the  stabilizer  can  be  ot 
tained  by  aqueous  dilution  of  an  alcoholic  solution.  The  late 
can  be  coagulated  by  any  method  customarily  employed  fo 
breaking  emulsions  or  coagulating  natural  rubber  latex.  Follow 
ing  coagulation,  the  rubber  is  washed  free  of  soap  and  electrc 
lytes,  using  a  Buchner  filter  and  filter  paper,  and  dried  in  ail 
preferably  at  a  low  temperature.  The  yield,  accurate  to  ±2^ 
can  be  obtained  by  weighing  to  0.1  gram. 

SUMMARY 

Many  manufacturers  of  monomers,  emulsifying  agents,  in 
tiators,  modifiers,  and  other  ingredients  going  into  polymerizf 
tion  reactions  find  it  necessary  to  have  a  reliable  polymerizatio 
procedure  for  testing  the  quality  of  their  products.  The  proc< 
dure  presented,  despite  some  shortcomings,  has  many  advai 
tages.  Minimum  amounts  of  material  are  required  and  larg 
numbers  of  experiments  can  be  conducted  in  a  relatively  shoi 
time.  A  serious  effort  is  made  to  point  out  some  of  the  pitfal 
which  beset  investigators  of  polymerization  regardless  of  tl 
type  of  technique  employed.  The  best  recommendation  for  tf 
procedure  described  is  that  it  has  been  used  to  develop  certai 
types  of  synthetic  rubber  which  are  now  in  commercial  produ 
tion. 

LITERATURE  CITED 

(1)  Balandina,  V.,  et  al..  Bull.  acad.  sci.  U.  R.  S.  S.,  classe  sci.  mat 

not.,  Ser.  chim.,  1936,  397-407. 

(2)  Garvey,  B.  S.,  Jr.,  Ind.  Eng.  Chem.,  34,  1320-3  (1942). 

(3)  Reynolds,  W.  B.,  personal  communication. 

(4)  Suess,  Pilch,  and  Rudorfer,  Z.  physik.  Chem.,  A179,  361—' 

(1937). 

(5)  Wollthan  and  Becker,  U.  S.  Patent  2,281,613  (May  5,  1942). 

Presented  before  the  Division  of  Rubber  Chemistry  at  the  105th  Meeti 
of  the  American  Chemical  Society,  Detroit,  Mich. 


Determination  of  Tetraethyllead  in  Gasoline 

HARRY  GONICK  AND  J.  J.  MILANO,  Shell  Oil  Company,  Incorporated,  Martinez,  Calif. 


A  method  for  the  determination  of  tetraethyllead  in  gasoline  is  described  in  which  the 
tetraethyllead  is  decomposed  with  iodine  and  the  lead  subsequently  titrated  by  a  new 
acidimetric  method  employing  8-hydroxyquinoline.  The  method  is  rapid  and  is  ap¬ 
plicable  to  all  types  of  gasolines. 


UNTIL  recently  the  most  widely  used  method  for  the 
determination  of  tetraethyllead  in  gasoline  was  the 
bromination  method  described  by  Edgar  and  Calingaert  (3) 
in  which  the  tetraethyllead  was  decomposed  by  the  action  of 
bromine.  Although  this  method  was  rapid  and  convenient  for 
the  determination  of  tetraethyllead  in  straight-run  gasolines, 
difficulties  were  encountered  with  cracked  gasolines  owing  to 
the  rapid  absorption  of  bromine  by  the  olefins  present,  in  com¬ 
petition  with  the  tetraethyllead.  With  gasolines  of  high  olefin 
content  it  was  necessary  to  brominate  the  gasoline  completely 
to  ensure  complete  decomposition  of  the  tetraethyllead.  Even 
so,  low  results  were  frequently  obtained.  Moreover,  the  quan¬ 
tity  of  bromine  required  for  complete  bromination  of  a  gasoline 
of  high  olefin  content  was  rather  large  (frequently  in  excess  of 
200  grams)  and  added  substantially  to  the  cost  of  the  analysis. 
In  addition,  the  bromination  reaction  was  violent  and  was 
accompanied  by  the  evolution  of  corrosive  vapors  which  caused 
considerable  hazard  to  the  operator.  For  these  reasons,  the 


bromination  method  was  not  suited  to  the  routine  analysis  f 
cracked  fuels. 

More  recently  other  methods  have  been  devised  in  which  t; 
gasoline  is  treated  with  hydrochloric  acid  and  the  lead  determini 
in  the  acid  extracts.  The  best  known  of  these  is  the  method  f 
Calingaert  and  Gambrill  (2),  recently  adopted  by  the  America 
Society  for  Testing  Materials  as  a  tentative  standard  ( 1 ).  i- 
though  this  method  gives  satisfactory  results  with  all  types  f 
gasolines,  the  over-all  time  required  for  a  determination  is  son- 
what  lengthy  and  specialized  equipment  is  required. 

The  method  described  in  this  paper  was  developed  in  ) 
effort  to  reduce  the  time  required  for  the  tetraethyllead  det- 
mination.  By  the  proposed  method,  a  single  determination  ca 
be  completed  in  one  hour  and  for  determinations  in  quantity  op 
a  small  fraction  of  this  time  is  required  per  determination.  Te 
accuracy  of  the  method  appears  to  be  equal  to  previous  methcs 
and  does  not  appear  to  be  affected  by  the  type  or  compositia 
of  the  gasoline.  More  than  three  thousand  samples  of  gasoli  i, 
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representing  all  the  principal  brands  and  grades  sold  in  the 
western  states,  have  been  analyzed  successfully. 

PRINCIPLE  OF  PROPOSED  METHOD 

As  in  previous  methods,  the  determination  of  the  tetraethyl¬ 
lead  divides  itself  into  two  distinct  parts:  (1)  the  decomposition 
of  the  tetraethyllead  to  yield  an  inorganic  lead  salt,  and  (2)  the 
(determination  of  the  lead. 


Figure  1.  Effect  of  Sodium  Chloride  on  Neutralization  Curve 
of  Solutions  Containing  Lead  Ions 

0.137  grain  of  |Pb(NOA>  In  100  ml.  of  water.  (1)  No  NaCI  added,  (2) 
5  grams  of  NaCI  added 


1.  Experiments  conducted  in  this  laboratory  showed  that 
tetraethyllead  is  rapidly  and  quantitatively  decomposed  by  the 

1  action  of  free  iodine.  Unsaturated  hydrocarbons  do  not  interfere, 
as  they  do  not  iodinate  so  rapidly  as  to  compete  with  the  tetra¬ 
ethyllead  reaction.  The  gasoline  is  removed  by  evaporation 
under  a  hot  air  stream,  and  any  organic  matter  remaining  is 
subsequently  oxidized  with  nitric  acid  and  potassium  chlorate. 
The  inorganic  residue  remaining  then  contains  all  the  lead  in  the 
form  of  inorganic  salts  including  lead  iodate,  which  is  insoluble 
in  water.  The  lead  salts  so  obtained  are  converted  to  the  more 
soluble  chloride  by  treatment  with  hydrochloric  acid. 

2.  The  lead  is  determined  by  an  acidimetric  titration  method ; 
it  is  therefore  necessary  to  neutralize  the  solution  exactly  before 
titrating  the  lead.  The  neutralization  of  a  solution  containing 
lead  salts  ordinarily  presents  difficulties  owing  to  the  hydrolysis 
of  the  lead.  These  difficulties  are  obviated,  however,  by  the 
presence  of  sufficient  chloride  ions  which  effectively  suppress  the 
hydrolysis  of  the  lead.  The  effect  of  sodium  chloride  on  the 
neutralization  of  a  lead  solution  is  shown  by  the  curves  in  Figure  1. 

After  the  solution  has  been  neutralized,  an  excess  of  8-hydroxy- 
quinoline  is  added.  This  reagent  reacts  with  the  lead  ions  to 
liberate  an  equivalent  quantity  of  acid  which  is  then  titrated 
with  standard  alkali.  The  reactions  are  assumed  to  be  as  follows : 

HOC9H8N  =  -OC9H6NH+  (1) 

Pb++  +  2~OC9H,NH+  =  Pb(OC9H8NH+)2  (2) 

Pb(OC,H8NH+)2  +  20H-  =  Pb(OC9H6N)2  +  2H20  (3) 

ij  As  indicated  in  Equation  1,  8-hydroxy  quinoline  is  amphoteric 
(  and  goes  over  to  the  ionic  form.  When  8-hydroxyquinoline  re¬ 
agent  is  added  to  a  solution  containing  lead  ions,  lead  8-hydroxy- 
1  quinolinium  ions  are  formed  according  to  Equation  2.  These 
t  are  quantitatively  titrated  with  standard  alkali  to  pH  7  according 

)to  Equation  3.  Other  equilibrium  reactions  are  undoubtedly 
involved,  including  reaction  between  lead  8-hydroxyquinolinium 
ions  and  excess  reagent;  however,  the  equations  given  indicate 
the  essential  result. 

DETAILS  OF  METHOD 

-3  Apparatus.  The  hot  air-jet  evaporator  (Figure  2)  is  designed 
:  to  direct  a  hot  air  stream  into  four  Erlenmeyer  flasks  simul- 
[|  taneously  during  evaporations.  Although  the  design  shown 
has  proved  very  satisfactory  in  actual  practice,  other  designs 
'*  which  will  accomplish  the  same  purpose  may  be  used. 

1  Reagents.  Iodine,  saturated  solution  in  carbon  tetrachloride 
i  (technical).  Nitric  acid,  c.p.,  concentrated.  Potassium  chlo¬ 


rate,  c.p.,  crystals.  Hydrochloric  acid,  c.p.,  dilute  solution; 
1  to  1.  Sodium  chloride,  c.p.,  crystals.  8-Hydroxyquinoline, 
0.065N  in  60  per  cent  isopropyl  alcohol.  Standard  sodium 
hydroxide,  0.0624.V.  Standard  hydrochloric  acid,  0.06241V. 
(Standard  0.0624N  acid  and  base  were  selected  since  these  re¬ 
agents  are  in  general  use  in  oil  laboratories.) 

Methyl  red  indicator;  dissolve  1  gram  in  600  ml.  of  alcohol 
and  dilute  to  1  liter  with  water.  Phenol  red  indicator,  0.2  gram 
per  liter  of  water. 

Separation  of  Lead.  Measure  exactly  100  ml.  (corrected  to 
60  °  F.)  of  the  gasoline  to  be  tested  into  a  500-ml.  Erlenmeyer  flask. 

Add  50  ml.  of  the  iodine  solution  and  allow  to  stand  for  at  least 
5  minutes.  Place  the  flask  on  a  hot  plate  under  a  hot  air  stream 
and  evaporate  the  gasoline  to  dryness.  The  velocity  of  the  air 
stream  and  the  temperature  of  the  hot  plate  should  be  regulated 
so  as  to  secure  the  maximum  rate  of  evaporation  without  spat¬ 
tering  or  bumping.  The  air  stream  effectively  suppresses  the 
tendency  toward  bumping  which  is  almost  unavoidable  without 
its  use.  The  evaporation  ordinarily  takes  from  15  to  20  minutes. 

Add  25  to  50  ml.  of  concentrated  nitric  acid  (depending  on  the 
amount  of  the  organic  residue)  and  rotate  the  flask  over  a  burner 
until  dense  fumes  of  iodine  and  nitrogen  dioxide  cease.  Should 
any  organic  matter  adhere  to  the  walls  of  the  flask  continue 
rotating  the  flask  until  it  is  completely  dislodged. 


Figure  2.  Hot  Air-Jet  Evaporator 
All  interior  metal  parts  must  be  heat-resistant 


To  the  actively  boiling  solution  add  crystals  of  potassium 
chlorate  until  the  organic  matter  is  completely  destroyed.  The 
potassium  chlorate  should  be  added  cautiously.  The  solution 
should  not  be  permitted  to  evaporate  to  dryness  while  there  is 
visible  organic  matter  present  as  indicated  by  a  brownish  colora¬ 
tion  of  the  solution;  otherwise  spontaneous  ignition  will  occur 
and  cause  losses  of  lead.  Usually  all  organic  matter  disappears 
after  the  first  2  or  3  grams  of  potassium  chlorate  have  been  added ; 
however,  one  or  two  additional  portions  of  2  or  3  grams  each  are 
added  in  order  to  complete  the  oxidation.  With  practice,  the 
oxidation  of  residues  from  cracked  gasolines  with  potassium 
chlorate  can  be  effected  in  1  to  3  minutes. 

Evaporate  the  clear  nitric  acid  solution  to  complete  dryness. 
Should  the  solution  exhibit  any  darkening  during  the  evaporation, 
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Table  I.  Determination  of  Tetraethyllead  in  Synthetic  Gasoline 
Blends  by  the  Proposed  Method11 


Samples 


S0%  cracked  gasoline  +  20%  straight-run 
gasoline 

100%  straight-run  gasoline 


50%  cracked  gasoline  +  50%  isopentane 
50%  cracked  gasoline  +  50%  alcohol 


Corp. 


Tetraethyllead  Content 


Calculated 

Determined 

Ml./ gallon 

3.07 

3.07,3.06,3.07 

1.54 

1.54, 1.54, 1.56 

0.20 

0. 19,  0.20, 0. 19 

3.00 

3.00,3.00 

1.50 

1.51, 1.50 

0.30 

0.29, 0.29 

1.54 

1.54 

1.54 

1.55 

d  obtained 

from  the  Ethyl 

add  more  potassium  chlorate.  The  use  of  the  hot  air  stream  is 
not  recommended  during  this  operation,  as  the  cooling  effect 
of  the  air  stream  impedes  the  oxidation  of  possible  traces  of  or¬ 
ganic  matter.  To  ensure  the  complete  destruction  of  organic 
matter,  heat  the  residue  over  a  burner  until  it  is  completely  fused. 
The  residue  after  fusion  should  be  white  (see  note  below  on  the 
use  of  potassium  chlorate). 

Allow  the  flask  to  cool  somewhat,  and  add  sufficient  1  to  1 
hydrochloric  acid  to  dissolve  the  residue  completely  after  2  or  3 
minutes’  boiling.  Usually  10  to  20  ml.  of  the  dilute  acid  are 
sufficient.  After  complete  solution  is  effected  evaporate  to 
dryness.  Special  care  should  be  exercised  toward  the  end  of  the 
evaporation,  as  the  potassium  chloride  formed  has  a  tendency  to 
spatter.  Remove  the  remaining  acid  as  completely  as  possible 
by  thoroughly  heating  the  flask  while  blowing  a  hot  air  stream 
into  it. 

Determination  of  Lead.  Dissolve  the  residue  in  the  flask 
in  150  to  200  ml.  of  distilled  water,  add  2  or  3  drops  of  methyl  red 
indicator,  and  exactly  neutralize  the  solution  with  0.0624;V 
sodium  hydroxide  to  the  alkaline  (yellow)  end  point  of  the 
indicator.  Usually  there  will  be  a  sufficient  concentration  of 
chlorides  as  a  result  of  the  preceding  operations  to  suppress  the 
hydrolysis  of  the  lead.  A  deficiency  of  chlorides  will  render  the 
neutral  point  indefinite,  in  which  case  5  to  10  grams  of  sodium 
chloride  should  be  added.  At  the  neutral  point  one  drop  of 
0.06241V  acid  should  suffice  to  revert  the  indicator  color  from  a 
canary  yellow  to  a  definite  pink.  Occasionally  the  methyl  red 
indicator  will  show  a  fading  tendency,  owing  to  remaining  traces 
of  oxidizing  substances.  This  fading  tendency  is  readily  over¬ 
come  by  the  addition  of  a  few  milliliters  of  0.1  N  sodium  thio¬ 
sulfate  solution. 

Where  the  quantity  of  lead  present  is  approximately  known, 
the  titration  of  the  lead  is  carried  out  as  follows:  To  the  neu¬ 
tralized  solution  add  a  2-  to  3-ml.  excess  of  the  8-hydroxyquino- 
line  reagent  and  a  similar  excess  of  the  standard  sodium  hy¬ 
droxide  solution.  Stopper  the  flask  and  shake  vigorously  for  a 
few  seconds  to  break  up  the  precipitate  and  liberate  any  occluded 
substances.  Add  sufficient  phenol  red  indicator  (about  3  ml.) 
to  produce  a  definite  pink  color  and  back-titrate  the  excess  alkali 
with  standard  hydrochloric  acid.  The  hydrochloric  acid  should 
be  added  dropwise  toward  the  end  of  the  titration  and  the  end 
point  taken  on  the  yellow  (acid)  side  of  the  indicator  change. 
Agitate  the  flask  when  observing  the  end  point  and  ignore  any 
pink  fluorescence  which  may  appear  after  settling  of  the  pre¬ 
cipitate.  It  is  advisable  to  redetermine  the  end  point  by  adding 
a  further  excess  of  alkali  and  repeating  the  back-titration  with 
acid.  Make  certain  that  there  is  a  2-  to  3-ml.  excess  of  the  8- 
hydroxyquinoline  reagent  over  the  net  volume  of  alkali  con¬ 
sumed. 

When  the  approximate  quantity  of  lead  is  not  previously 
known,  the  titration  must  be  carried  out  stepwise  in  order  to 
secure  the  correct  excess  (2  to  3  ml.)  of  the  8-hydroxyquinoline 
reagent.  Add  about  3  ml.  of  phenol  red  indicator  to  the  solution 
which  has  been  previously  neutralized  to  methyl  red.  Now  add 
the  8-hydroxyquinoline  in  3-ml.  increments  and  after  each  addi¬ 
tion  add  an  equal  volume  of  0.06241V  sodium  hydroxide.  An 
excess  of  the  8-hydroxyquinoline  reagent  is  indicated  when  the 
addition  of  the  alkali  increment  renders  the  solution  alkaline 
(pink)  to  the  phenol  red  indicator.  At  this  point  stopper  the 
flask,  shake  vigorously  for  a  few  seconds,  and  back-titrate  the 
excess  alkali  with  standard  acid  to  determine  the  approximate 
consumption  of  alkali.  Adjust  the  volume  of  8-hydroxyquinoline 
added,  so  that  there  is  an  excess  of  2  to  3  ml.  over  the  net  volume 
of  alkali  consumed  (volume  of  standard  alkali  minus  volume  of 
standard  acid).  A  larger  excess  of  8-hydroxyquinoline  should 
be  avoided,  as  this  reagent  exhibits  a  slight  buffering  effect  which 
interferes  with  the  end-point  determination.  Redetermine  the 


end  point  after  the  addition  of  a  further  2  to  3  ml.  of  standarc 
alkali  by  back-titration  with  standard  acid  as  already  described 

Two  equivalents  of  titratable  acid  are  formed  for  each  mole  o 
lead.  The  solutions  should  be  standardized  against  a  knowi 
quantity  of  lead,  using  the  same  titration  procedure  as  in  th< 
analysis.  Pure  test  lead  or  lead  nitrate  may  be  used  as  a  standard 

The  result  expressed  in  milliliters  of  tetraethyllead  per  galloi 
of  gasoline  is  obtained  by  multiplying  the  PbO  equivalent  (ex 
pressed  in  grams)  of  the  net  volume  of  sodium  hydroxide  con 
sumed  by  33.24. 

Use  of  Potassium  Chlorate.  In  order  to  determine  th 
explosion  hazard  attending  the  use  of  potassium  chlorate-nitri 
acid  mixtures  for  the  oxidation  of  organic  residues,  the  effects  o 
various  conditions  were  investigated.  It  was  found  that  a  mill 
explosion  would  sometimes  occur  in  the  vapor  if  the  liquid  wa 
not  kept  actively  boiling  during  the  oxidation  process.  In  ever; 
case  the  explosion  was  preceded  by  a  dense  accumulation  o 
greenish  yellow  vapors  (probably  a  mixture  of  chlorine  and  oi 
ganic  vapors).  The  explosion  hazard  appeared  to  be  complete! 
eliminated  by  maintaining  the  solution  in  an  actively  boilin 
condition  during  the  oxidation  process,  in  which  case  the  accumu 
lation  of  greenish  yellow  fumes  was  prevented.  By  followin 
this  procedure  more  than  3000  samples  have  been  analyzed  with 
out  an  explosion.  In  spite  of  this  record  it  is  suggested  that 
protective  mask  be  worn  by  the  operator  during  the  oxidation. 


Table  II.  Comparison  of  A.S.T.M.  and  Proposed  Methods 


Samples 


Competitive  Q  gasolines 


Tetraethyllead  Content 
A.S.T.M.  method  Proposed  method 
Ml./ gallon 


Brand  I 
Brand  II 
Brand  III 
Brand  IV 
Brand  V 

Competitive  Ethyl  gasolines 

Brand  I 
Brand  II 
Brand  III 
Brand  IV 
Brand  V 
Brand  VI 
Brand  VII 

Aviation  gasolines 

Brand  I 
Brand  II 
Brand  III 


0.26 

0.26 

0.06 

0.07 

1.26 

1.25 

0.37 

0.38 

0.53 

0.53 

1.35 

1.35 

1.78 

1.80 

1.92 

1.93,  1.94, 1.93 

1.87 

1.87 

1.58 

1.57 

2.01 

2.01 

1.06 

1.08 

3.04 

3.04 

3.05 

3.06 

2.97,2.97 

3.00,3.00 

ACCURACY  OF  THE  METHOD 

A  series  of  synthetic  blends  of  tetraethyllead  in  cracked  an 
straight-run  gasolines  was  prepared  to  check  the  accuracy 
the  method.  Blends  were  also  prepared  with  the  addition 
isopentane  and  alcohol  and  analyzed  by  the  described  metho 
The  results  of  these  experiments  are  shown  in  Table  I. 

A  comparison  of  results  obtained  by  the  proposed  method  ar 
by  the  A.S.T.M.  method  (1)  is  shown  in  Table  II. 
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Specific  Gravity  of  Butadiene 

M.  R.  DEAN  AND  T.  W.  LEGATSKI 
Phillips  Petroleum  Company,  Research  Department,  Bartlesville,  Okla. 


The  specific  gravities  (t/60°  F.)  of  1,3-butadiene  of  99.6 
mole  per  cent  purity  were  determined  experimentally  for 
the  temperature  range  of  —  1 7.78  °  to  60  °  C.  (0  °  to  1 40  °  F.), 
by  means  of  a  specially  constructed  steel  pycnometer  of 
approximately  4500-cc.  capacity  arid  capable  of  with¬ 
standing  the  resultant  vapor  pressures  without  under¬ 
going  a  permanent  change  in  volume.  The  experimentally 
determined  specific  gravities  were  smoothed  graphically 
and  the  experimental  and  smoothed  values  were  compared 
to  show  the  magnitude  of  the  probable  error  in  the  smoothed 
data.  The  densities  reported  here  were  compared  with 
densities  found  in  the  literature,  and  it  was  concluded  that 
the  final  interpolated  values  determined  in  this  work  were 
probably  correct  to  ±0.00015.  The  best  value  for  the 
specific  gravity  (60°/60°  F.)  of  pure  1,3-butadiene  was 
estimated  to  be  0.6274  ±  0.00015. 

-THE  current  interest  in  1,3-butadiene  as  a  synthetic  rubber 
I  raw  material  has  created  a  need  for  more  accurate  and  more 
complete  information  on  the  physical  properties  of  this  hydro¬ 
carbon. 

Landolt  and  Bornstein  (2)  give  a  table  of  liquid  densities  for  1,3- 
butadiene  for  the  temperature  range  —20°  to  20°  C.  (—4°  to 
88°  F.),  Prevost  (4)  has  reported  a  value  at  6.22°  C.  (21.2°  F.), 
and  Doss  ( 1 )  lists  a  value  at  68°  F.  Because  these  data  cover  a 
range  of  temperature  too  small  to  meet  most  requirements,  it 
seemed  advisable  to  check  previous  values  and  extend  the  tem¬ 
perature  range.  This  paper  reports  experimentally  determined 
liquid  specific  gravities  for  1,3-butadiene  for  the  temperature 
range  -17.78°  to  20°  C.  (0°  to  140°  F.). 

METHOD 

The  procedure  consisted  essentially  of  comparing  the  deter¬ 
mined  weights  of  known  volumes  of  butadiene  under  a  number  of 
temperature  conditions  and  under  pressures  approximately  equal 
-to  the  vapor  pressures  with  the  weights  of  identical  volumes  of 
water  at  15.56°  C.  (60°  F.)  and  at  atmospheric  pressure.  This 
procedure  has  been  employed  previously  by  the  writers  to  arrive 
at  similar  data  for  propane,  iso-  and  n-butane,  the  various  butyl¬ 
enes,  and  a  number  of  commercial  products  falling  in  the  classifi¬ 
cation  of  liquefied  petroleum  gases  (3). 

1 

COMPOSITION  OF  BUTADIENE  USED 

i  The  1,3-butadiene  used  in  the  investigation  was  obtained  from 
the  by-product  butadiene  plant  of  the  Phillips  Petroleum  Com¬ 
pany  and  was  representative  of  the  commercial  product  of  the 
plant  at  the  time  of  sampling.  The  sample  was  inhibited 
against  oxidation  with  0.02  weight  per  cent  of  phenyl-beta- 
naphthylamine.  No  solvent  for  the  inhibitor  was  used.  The 
quantity  of  added  inhibitor  was  calculated  to  increase  the  specific 
gravity  by  no  more  than  0.00005  and  its  presence  in  the  sample 
could,  therefore,  be  ignored. 

The  composition  of  the  sample  was  ascertained  by  two  different 
analytical  techniques,  both  based  upon  the  well-known  chemical 
reaction  between  maleic  anhydride  and  1,3-butadiene.  Analyses 
by  the  two  techniques  gave  a  purity  of  99.6  mole  per  cent.  The 
impurities  present  were  believed  to  consist  of  1-butene  and  the 
high-  and  low-boiling  2-butenes. 

3 

APPARATUS 

The  apparatus  consisted  of  two  steel  pycnometers  of  approxi¬ 
mately  4500-cc.  capacity  fitted  with  expansion  chambers  to  fa- 
t  cilitate  measurements  at  temperatures  below  room  temperature. 
)  A  constant-temperature  bath,  a  centrifugal  pump  for  stirring  the 
bath  liquid,  a  torsion  balance  with  calibrated  weights,  and  a 
calibrated  mercury-in-glass  thermometer  were  also  provided. 


The  details  of  one  of  the  pycnometer  units  are  shown  in  Figure 
1,  where  A  is  the  pycnometer  and  B  is  the  expansion  chamber. 
C  is  a  high-pressure  stainless  steel  needle  valve  of  such  construc¬ 
tion  that  when  fully  opened  the  pressure  of  the  material  in  the 
chambers  is  held  by  a  metal-to-metal  seat  instead  of  by  valve 
packing,  thus  reducing  the  chance  for  errors  due  to  leakage. 
Valve  D  is  a  brass  body  steel  needle  valve.  Both  pycnometer 
units  were  tested  before  use  with  hydrogen  gas  at  27-kg.  (600 
pounds)  pressure  to  assure  absolute  freedom  from  leaks.  The  two 
units  were  used  simultaneously  for  check  determinations. 

The  thermometer  used  for  the  measurement  of  bath  tempera¬ 
tures  was  graduated  in  0.2°  F.  divisions.  It  was  checked  before 
use  against  a  Bureau  of  Standards  calibrated  mercury-in-glass 
thermometer. 

The  torsion  balance  was  checked  before  use  for  accuracy,  sensi¬ 
tivity,  stability,  and  equality  of  length  of  balance  arms.  It  was 
tested  during  use  for  reproducibility  of  weights  by  weighing  an 
iron  weight  of  about  9  kg.  (20  pounds)  at  various  times  during  the 
day  and  on  successive  days.  These  tests  indicated  that  a  weight 
in  the  desired  range — i.e.,  7.7  to  8.6  kg.  (17  to  19  pounds) — 
could  be  reproduced  to  68  mg.  (±0.0015  pound).  The  set  of 
brass  weights  used  were  calibrated  to  9  mg.  ( ±0.0002  pound). 

Calibration  of  Pycnometers.  After  being  carefully  cleaned 
and  dried,  both  internally  and  externally,  the  two  pycnometer 
units  were  evacuated  and  the  tare  weights  determined  and 
checked  by  repeated  weighings  to  the  nearest  22  mg.  (0.0005 
pound).  The  volumes  of  the  pycnometer  chambers  were  then 
ascertained  for  temperatures  of  4.44°,  15.56°,  26.67°,  37.78°, 
48.89°  a-nd  60°  C.  (40°,  60°,  80°,  100°,  120°,  and  140°  F.),  and 
with  no  internal  pressure  on  the  chambers,  by  weighing  the  water- 
filled  chambers  at  the  various  temperatures  and  then  making  cor¬ 
rections  for  the  changing  density  of  water.  Freshly  boiled  dis¬ 
tilled  water  was  used.  The  effect  of  internal  pressure  on  pyc¬ 
nometer  chamber  volumes  was  ascertained  for  a  temperature 
condition  of  15.56°  C.  (60°  F.)  and  pressures  of  0, 14,  and  28  kg. 
per  sq.  cm.  (0,  200,  and  400  pounds  per  square  inch)  gage,  re¬ 
spectively.  The  final  results  of  the  calibrations  expressed  in 
terms  of  volume  for  various  conditions  of  temperature  and  in¬ 
ternal  pressure,  were  plotted  to  arrive  at  a  smooth  relationship 
for  use  in  the  subsequent  experiments.  It  is  believed  that  the 

finally  assigned  volumes  for  the 
various  conditions  were  known  to 
±0.2  cc.  for  the  entire  temperature 
range. 


MEASUREMENT  OF  DENSITIES 

The  pycnometer  units  were 
evacuated  to  an  absolute  pressure 
of  less  than  1  mm.  of  mercury. 
Sufficient  butadiene  was  then 
charged  into  the  units  to  fill  A  com¬ 
pletely  and  B  to  half  its  capacity. 
Valve  D  was  closed  and  C  was  left 
open.  The  units  were  then  placed 
in  a  constant-temperature  bath  in 
such  a  manner  that  cell  A  was 
totally  immersed  in  the  bath  liquid, 
but  with  no  part  of  cell  B  immersed. 
Heat  was  applied  externally  to  B 
by  means  of  an  electrically  heated 
removable  jacket  to  maintain  its 
temperature,  6°  to  9°  C.  (10°  to 
15°  F.)  higher  than  the  bath  tem¬ 
perature.  The  temperature  of  B 
was  measured  by  a  thermocouple  on 
the  outside  surface  of  the  cell  at  a 
point  below  the  liquid  level  in  the 
cell.  In  a  preliminary  series  of  ob¬ 
servations  it  was  determined  that 
approximately  one  hour  was  re¬ 
quired  to  bring  the  temperature  of 
the  pycnometer  and  its  charge  of 
butadiene  to  the  bath  temperature. 
The  pycnometers  were  consequently 
held  in  the  constant  temperature 
bath  for  1.5  hours  before  being 


Figure  1.  Metal  Pyc¬ 
nometer  Unit 
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Tabic  I.  Summary  of  Experimentally  Determined  Specific  Gravities 
of  1,3-Butadiene 


This  Work  (99.6  Mole  Per  Cent  1,3-Butadiene) 


Tempera¬ 

Pycnometer 

Literature, 

ture 

No. 

Specific  gravity 

Specific  Gravity 

0  F. 

( t/60°  F.)a 

((/ 60°  F.)a 

0 

1 

0.66671 

0.6659  (2)t> 

1 

0.66671 

2 

0.66675 

2 

0.66675 

20 

1 

0.65414 

0.6640  (S)b 

2 

0.65410 

21.2 

0.6493  (4) 

40 

1 

0.64097 

0.6409  ( [2)b 

1 

0.64097 

2 

0.64070 

2 

0.64065 

60 

1 

0.62732 

0.6273  (2)& 

2 

0.62725 

68 

0.6213  (1) 

80 

1 

0.61361 

2 

0.61371 

100 

1 

0.59933  ' 

1 

0 . 59944 

1 

0.59944 

2 

0.59932 

2 

0 . 59937 

2 

0.59947 

120 

1 

0.58445 

2 

0.58422 

140 

1 

0.56920 

1 

0.56890 

2 

0 . 56850 

2 

0.56870 

a  Specific  gravity  at  temperature  t  with  reference  to  water  at  60°  F. 
b  Interpolated  values. 


Table  II.  Smoothed  Specific  Gravity  Values  for  Commercially 
Pure  1,3-Butadiene 


(99.6  mole  per  cent  1,3-butadiene) 


Tempera¬ 

Specific 

Tempera¬ 

Specific 

ture 

Gravity 

ture 

Gravity 

°  F. 

(f/60°  F.)a 

0  F. 

(i 1/60°  F.) 

0 

0.6668 

72 

0.6191 

2 

0.6655 

74 

0.6177 

4 

0.6643 

76 

0.6163 

6 

0.6631 

78 

0.6149 

8 

0.6618 

80 

0.6135 

10 

0.6606 

82 

0.6121 

12 

0.6.593 

84 

0.6106 

14 

0.6580 

86 

0.6091 

16 

0.6567 

88 

0.6077 

18 

0.6554 

90 

0 . 6063 

20 

0.6541 

92 

0 . 6049 

22 

0.6529 

94 

0.6035 

24 

0.6515 

96 

0.6021 

26 

0.6502 

98 

0 . 6007 

28 

0 . 6489 

100 

0.5993 

30 

0.6476 

102 

0.5978 

32 

0.6463 

104 

0 . 5963 

34 

0.6449 

106 

0.5949 

36 

0.6436 

108 

0.5934 

38 

0.6423 

110 

0.5919 

40 

0 . 6409 

112 

0 . 5904 

42 

0.6396 

114 

0 . 5889 

44 

0.6382 

116 

0.5874 

46 

0.6369 

118 

0.5859 

48 

0.6356 

120 

0 . 5844 

50 

0.6342 

122 

0 . 5828 

52 

0.6328 

124 

0.5813 

54 

0.6314 

126 

0.5798 

56 

0.6300 

128 

0 . 5783 

58 

0.6286 

130 

0.5767 

60 

0.62736 

132 

0.5751 

62 

0.6259 

134 

0.5736 

64 

0.6245 

136 

0.5720 

66 

0.6232 

138 

0 . 5704 

68 

0.6218 

140 

0 . 5689 

70 

0.6205 

a  Specific  gravity  at  temperature  t  with  reference  to  water  at  60°  F. 

6  Probable  specific  gravity  (60°/60°  F.)  for  pure  1,3-butadiene,  arrived 
at  by  applying  corrections  for  assumed  impurities,  was  estimated  to  be 
0.6274  ±  0.00015. 


removed  for  weighing.  During  that  time,  the  bath  tempera¬ 
ture  was  held  constant  to  0.06°  C.  (±0.1°  F.).  Just  before 
removing  a  pycnometer  from  the  bath,  C  was  closed.  Imme¬ 
diately  upon  removal,  the  outside  surface  was  dried  and  B  was 
evacuated.  D  was  then  closed,  C  was  opened,  and  the  unit  was 
weighed.  In  those  instances  where  the  bath  temperature  was  be¬ 
low  the  dew  point  temperature  of  the  room  air,  the  temperature 
of  the  pycnometer  was  raised  to  above  room  temperatures  to 
avoid  errors  in  weighing  occasioned  by  condensation  of  moisture 
on  the  surface.  In  such  cases  B  served  as  a  receiver  for  the  liquid 
butadiene  displaced  from  A . 

RESULTS 

The  specific  gravities  of  the  butadiene  were  subsequently  ar¬ 
rived  at  by  dividing  the  determined  weights  of  the  butadiene 
contained  in  A  at  the  various  temperatures  by  the  weight  of 
the  same  volume  of  water  when  at  60°  F.  and  atmospheric  pres¬ 
sure.  The  value  for  the  density  of  water  at  60°  F.  used  in  these 
calculations  was  taken  as  0.999017  gram  per  cc.  All  experi¬ 
mental  results  are  presented  in  Table  I  together  with  comparable 
data  from  Doss  ( 1 ),  Landolt  and  Bornstein  (2),  and  Prevost  (J). 

An  analysis  of  the  method  used  showed  that  errors  in  deter¬ 
mined  gravities  traceable  to  air  buoyancy  effects  were  of  small 
magnitude.  The  buoyancy  correction,  calculated  to  be 
+0.00003,  was  not  applied  since  it  was  too  small  in  comparison 
with  the  experimental  error  to  be  significant.  Within  the  experi¬ 
mental  error  it  has  been  concluded  that  the  determined  specific 
gravity  values  can  be  accepted  as  equivalent  to  those  taken  in  a 
vacuum. 

The  specific  gravities  presented  in  Table  I  were  plotted  against 
temperature,  and,  from  a  smooth  curve  drawn  through  the  points, 
the  specific  gravity  values  for  the  various  intermediate  tempera¬ 
tures  were  determined.  These  smoothed  specific  gravity  values 
are  presented  in  Table  II.  Of  the  twenty-two  different  specific 
gravity  measurements  made  at  temperatures  of  48.89°  C. 
(120°  F.)  and  below,  only  those  made  at  4.44°  and  26.67°  C.  (40° 


and  80°  F.)  in  pycnometer  unit  2  differed  from  the  smoothed 
value  by  more  than  the  predicted  probable  amount  of  0.00018. 

It  was  believed  that  the  0.4  mole  per  cent  of  impurities  present 
in  the  sample  consisted  of  1-butene  and  the  high-  and  low-boiling 
2-butenes.  By  making  certain  assumptions,  it  was  possible  to 
predict  the  specific  gravity  at  60°  F.  of  pure  1,3-butadiene.  Thus, 
if  it  were  assumed  that  the  three  probable  impurities  were  present 
in  substantially  equal  proportions,  the  computed  value  of  pure 
1,3-butadiene  would  be  higher  than  the  determined  specific 
gravity  of  the  test  material  by  0.00007.  On  adding  the  buoy¬ 
ancy  correction  of  0.00003  and  subtracting  the  correction  of 
0.00005  for  the  amount  of  inhibitor  present,  the  final  value 
rounded  off  to  0.6274  was  obtained  for  the  specific  gravity  (60°/ 
60°  F.)  of  pure  1,3-butadiene.  This  was  considered  to  be  the 
most  nearly  correct  value  for  pure  1,3-butadiene  at  60°  F. 
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In  a  compounded  rubber  stock,  the  ratio  of  natural  to  synthetic  rub¬ 
ber  can  be  estimated  approximately  from  a  knowledge  of  the  phos¬ 
phorus  content  of  the  rubber  hydrocarbon.  A  considerably  more 
exact  analysis  can  be  carried  out  by  means  of  infrared  spectroscopic 
methods,  which  permit  a  determination  of  the  type  as  well  as  the 
amount  of  rubber  present.  Complete  details  and  comparative  results 
of  these  two  methods  of  analysis  are  given,  as  well  as  a  simple  pro¬ 
cedure  for  separating  the  rubber  hydrocarbon  of  a  rubber  stock  from 
the  carbon  black  and  other  compounding  ingredients. 


the  amount  present.  In  conjunction  with  the  latter  analysis, 
a  method  was  devised  for  separating  from  compounded  rubber 
products  a  sample  of  rubber  hydrocarbon  free  of  pigment  and 
filler.  The  details  of  the  preparation  and  analysis  of  samples  are 
given,  together  with  a  typical  set  of  data  obtained  in  connection 
with  the  tire  and  tube  studies. 

Although  these  methods  may  not  necessarily  be  successful  in 
solving  every  type  of  rubber  mixture  analysis  encountered,  their 
value  in  this  particular  problem  warrants  careful  consideration 
in  connection  with  similar  problems  which  may  arise  in  the  future. 


R 


Table  I. 


EPORTS  have  been  made  that  more  than  3000  kinds  of 
rubberlike  synthetics  have  already  been  prepared.  Obviously, 
not  all  are  of  practical  importance,  nor  can  they  legitimately  be 
referred  to  as  “synthetic  rubbers”,  but  a  certain  select  group  of 
these,  as  well  as  still  other  new  synthetics,  will  survive  and  prove 
meritorious.  Uses  will  be  found  for  these  new  synthetic  rubbers 
both  alone  and  when  blended  with  other  synthetics  or  with  nat¬ 
ural  rubber.  The  rubber  chemists  of  the  future  will  therefore  be 
faced  with  the  problem  of  analyzing  such  mixtures.  Because  the 
components  of  these  mixtures  are  often  complex  and  their  deg¬ 
radation  products  are  not  well  known,  it  will  be  difficult,  by 
conventional  analytical  methods,  to  establish  their  identities  or 
the  proportions  in  which  they  are  present. 

In  anticipation  of  these  difficulties,  it  was  deemed  advisable 
to  study  the  applicability  of  various  physical  tools  to  this  and 
other  problems  of  the  rubber  industry.  In  a  previous  publica¬ 
tion  (1)  the  authors  called  attention  to  the  fact  that  infrared 
spectroscopy  could  be  of  value  in  differentiating  between  rubbers 
and  in  analyzing  rubber  mixtures,  and  pointed  out  that  the  in¬ 
frared  absorption  spectra  of  the  vari¬ 
ous  rubbers  are  unique  and  offer  one 

means  of  attacking  the  analytical  " 

problem  outlined.  However,  in  this 
preliminary  paper  the  analytical  possi¬ 
bilities  wrere  merely  noted  without  any 
attempt  to  reduce  them  to  practice. 

Shortly  after  the  completion  of  this 
preliminary  study,  the  authors  were 
called  upon  by  the  War  Production 
Board  to  analyze  a  series  of  captured 
German  tires  and  inner  tubes  for  the 
Army  Ordnance  Department,  and  to 
determine,  if  possible,  the  amounts 
and  types  of  synthetic  rubbers  which 
had  been  blended  with  natural  rubber 
in  the  manufacture  of  these  tires.  As 
a  result  of  this  investigation,  two 
satisfactory  methods  of  analysis  were 
developed. 

The  first,  the  determination  of  the 
phosphorus  content,  furnishes  a  sim¬ 
ple  method  for  measuring  the  rela¬ 
tive  amounts  of  natural  and  synthetic 
rubbers  present  in  an  unknown;  the 
second,  the  application  of  infrared 
spectroscopy,  permits  determination 
of  both  the  type  of  each  rubber  and 


DETERMINATION  OF  RATIO  OF  NATURAL  TO  SYNTHETIC  RUBBER 
BY  PHOSPHORUS  CONTENT 

The  metabolic  processes  of  plants  bring  about,  within  the  vari¬ 
ous  parts  of  the  plant,  the  deposition  of  a  great  many  of  the 
metals  commonly  found  in  the  soil.  In  contrast  with  this,  the 
metals  found  in  any  synthetic  product  are  limited  to  those  pur¬ 
posely  added  and  those  accidentally  introduced  by  contact  with 
the  pieces  of  processing  equipment. 

In  order  to  determine  whether  this  difference  might  prove  to  be 
valuable  for  analytical  purposes,  samples  of  natural  and  syn¬ 
thetic  rubbers  were  subjected  to  an  ultraviolet  spectrochemical 
analysis,  using  a  large  Hilger  E-l  spectrograph.  Table  I  shows 
the  results  of  such  a  comparative  emission  analysis.  It  may  be 
seen  at  once  that,  whereas  the  synthetics  contain  little  or  no 
phosphorus,  this  element  is  present  in  the  natural  rubbers  in 
readily  detectable  quantities.  This  clue  was  followed  up  in 
great  detail  and  the  exact  values  for  the  phosphorus  contents 
were  determined  through  the  use  of  another  spectrochemical 


Ultraviolet  Spectrochemical  Analysis  of  the  Metal  Content  of  Rubber 
Hydrocarbons 
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Ranges  for  qualitative  estimates: 

3  =  100  to  1.0% 

3-  =  10  to  0.10% 

2+  =  1.0  to  0.01% 

2  =  0.1  to  0.001% 

0  = 

2—  =  100  to  1.0  p.p.m. 

1+  =  10  to  0. 10  p.p.m. 

1  =  1 .0  to  0.01  p.p.m. 

1—  =  less  than  0. 1  p.p.m. 
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tool,  the  visible  light  spectrophotometer.  The  details  of  the 
exact  procedure  followed  are  given  below. 

Table  II  gives  the  phosphorus  contents  of  a  variety  of  natural 
and  synthetic  rubbers.  These  values  show  a  considerable  varia¬ 
tion  for  natural  rubbers  of  different  origins,  but  all  may  be  char¬ 
acterized  by  high  phosphorus  (average  400  p.p.m.)  when  com¬ 
pared  with  typical  synthetics  (average  20  p.p.m.).  Thus,  an 
exact  phosphorus  determination  should  make  possible  a  deter¬ 
mination  of  the  ratio  of  natural  to  synthetic  rubber  in  an  unknown 
sample. 


Table  II.  Phosphorus  Content  of  Various  Rubbers 


P.p.m. 

P.p.m. 

Natural  rubber 

Synthetic  rubber 

Smoked  sheet  A 

690 

Buna  S  (American ) 

15 

Smoked  sheet  B 

380 

Buna  A  (German) 

30 

Smoked  sheet  C 
Smoked  sheet  D 

320 

500 

Cotton  tire  cord 

210 

Smoked  sheet  E 

400 

Viscose  tire  cord 

10 

Crepe 

490 

Pale  crepe 

350 

Reclaimed  tube 

390 

Guayule 

200 

Figure  1  was  plotted  in  order  to  show  that  the  phosphorus 
could  be  determined  accurately  enough  to  allow  the  content  of 
this  element  to  be  used  as  a  yardstick  and  as  a  direct  measure  of 
the  amount  of  natural  rubber  present.  (If  the  origin  of  the 
natural  rubber  is  unknown,  the  slope  of  this  curve  is  not  determin¬ 
able,  and  the  method  is  only  roughly  quantitative.  On  the  other 
hand,  if  a  sample  of  the  natural  rubber  used  in  compounding  is 
available  for  a  phosphorus  test,  a  much  higher  degree  of  accuracy 
may  be  expected.)  In  spite  of  the  variation  of  the  phosphorus 
content  of  natural  rubbers  of  different  origin,  a  reasonable  first 
guess  at  a  mixture  of  unknown  constitution  may  be  based  upon 
the  following  generalization : 

High  phosphorus  (300  to  450  p.p.m.)  =  natural 

Medium  phosphorus  (100  to  250  p.p.m.)  =  natural  +  synthetic 

Low  phosphorus  (0  to  50  p.p.m.)  =  all  synthetic 

As  will  be  seen  from  Table  IV,  the  above  method  provides  a 
very  simple  approximate  analysis.  The  agreement  between  this 
and  the  more  exact  infrared  method  is  indeed  surprising.  How¬ 
ever,  the  method  is  always  open  to  the  uncertainty  that  phos¬ 
phorus  may  have  been  introduced  in  processing  and  not  been 
eliminated  in  the  sampling  procedure. 

Although  any  sensitive  method  for  determining  the  phosphorus 
will  be  satisfactory,  the  spectrochemical  procedure  detailed  below 
was  found  to  be  most  suitable.  This  colorimetric  method  is  based 
upon  many  literature  references  of  which  Zinzadze  (10)  and 
Goodloe  (6)  are  typical.  An  intense  blue  color  is  produced  in 
solutions  containing  phosphorus  by' reduction  of  phosphomolyb- 
date,  the  intensity  of  the  color  being  directly  proportional  to  the 
phosphorus  content  of  the  solutions.  In  this  laboratory,  the  color 
values  or  per  cent  transmissions  were  measured  on  a  General 
Electric  recording  spectrophotometer.  The  blue  color  which 
develops  has  a  rather  broad  spectral  width  which  can  be  meas¬ 
ured  satisfactorily  by  means  of  any  ordinary  comparison  color¬ 
imeter,  although  the  increased  precision  of  the  more  accurate 
photoelectric  instruments  is  to  be  preferred.  Figure  2  shows  a 
series  of  transmission  curves  for  standard  phosphorus  solutions. 

Preparation  of  Sample.  All  glassware  and  reagents  must  be 
free  of  phosphorus  and  a  suitable  blank  or  control  must  be  carried 
through  the  complete  procedure. 

Other  possible  sources  of  extraneous  phosphorus  are  the  cord 
and  plasticizer  used  in  fabrication.  [It  is  interesting  in  this 
connection  to  note  (Table  II)  that  cotton,  or  natural,  fibers  are 
high  in  phosphorus,  whereas  synthetic  fibers,  rayons,  etc.,  have 
a  low  content,  thus  enabling  a  distinction  to  be  made  between 
these  two  types  of  fibers.  Undoubtedly  other  cases  of  natural 


versus  synthetic  materials  may  arise  in  which  this  general 
method  might  be  of  help.]  Therefore,  it  is  advisable  that  all 
cords,  if  present,  be  removed  by  the  following  procedure:  A 
section  of  the  rubber  (tire)  is  shredded  in  a  two-roll  mill,  then 
mixed  with  water  in  a  Waring  Blendor.  After  5  to  10  minutes’ 
stirring,  the  cord  can  be  partially  separated  by  decantation.  The 
remaining  cord  is  digested  at  about  4°  C.  for  18  hours  with  an 
excess  of  cuprammonium  solution  [see  Clibbens  and  Gaeke  (5) 
and  the  committee  of  the  American  Chemical  Society  (4)  for 
preparation  of  this  solution].  The  material  is  washed  free  of 
cuprammonium  with  water  and  then  dried.  If  the  sample  is  a 
prepared  rubber  stock,  all  phosphate-containing  plasticizers 
must  be  removed  by  refluxing  the  shredded  rubber  for  8  hours  in 
a  Soxhlet  extractor  with  a  solvent  composed  of  68%  chloroform 
and  32%  acetone. 

For  maximum  photometric  accuracy,  a  weight  of  rubber 
should  be  taken  such  that  a  phosphorus  content  up  to  0.080  mg. 
is  contained.  With  synthetic  rubbers,  a  1-gram  sample  is  suit¬ 
able,  whereas,  with  natural  rubber,  approximately  0.1  gram  is 
used.  In  order  to  ensure  a  representative  sample,  a  larger  weight 
is  taken  and  subjected  to  the  preliminary  preparation.  The 
color  value  of  a  1-gram  equivalent  is  then  measured  to  furnish  a 
rough  idea  of  the  phosphorus  content.  With  this  as  a  basis,  a 
weight  of  sample  is  chosen  according  to  the  above  criterion  and  is 
measured  accurately. 


Figure  1 .  Phosphorus  in  Carcass  Stock  Compounded 
with  Natural  Rubber  and  Buna  S 

Formula  of  Stock 


Rubber  hydrocarbon  100 

Zinc  oxide  50 

Stearic  acid  1 

Pine  tar  1.5 

Ajerite  resin  1.5 

Sulfur  2.0 

Altax  1.25 


Preferably,  the  phosphorus  values  should  be  calculated  to  th 
weight  of  rubber  hydrocarbon,  the  carbon,  zinc  oxide  fillers,  etc. 
having  been  removed  previously.  This  was  not  always  done  i: 
the  authors’  work,  as  the  carbon  analysis  was  done  elsewhere 
hence,  the  phosphorus  content  of  the  samples  reported  here  wa 
based  on  the  entire  rubber  sample. 

Ashing  of  Sample.  The  weighed  sample  of  extracted  rubbe 
is  ashed  in  a  suitable  crucible  in  a  controlled  furnace  at  a  tern 
perature  not  higher  than  600°  C.  until  free  of  organic  materia. 
This  must  be  done  slowly  enough  to  prevent  the  material  fror 
kindling.  It  was  not  found  necessary  to  add  a  phosphorus  fixa 
tive  in  the  case  of  rubber  materials,  as  no  increased  phosphoru 
values  were  obtained  by  adding  zinc  oxide  to  prevent  the  vola 
tilization  of  phosphorus.  After  cooling,  the  residue  is  dissolve 
by  boiling  in  dilute  sulfuric  acid  in  a  quantity  just  sufficient  to  dis 
solve  the  soluble  materials.  Excess  acid  is  to  be  avoided,  sine 
the  final  acidity  is  very  important,  but  an  excess  of  acid  may  b 
added  and  later  neutralized.  A  slight  turbidity  which  may  b 
removed  by  filtering  remains  in  some  cases  as  a  result  of  th 
presence  of  a  siliceous  material.  The  clear  solution  of  the  ashe 
is  transferred  to  a  50-ml.  Pyrex  volumetric  flask  and  the  volum 
is  adjusted  to  about  40  ml. 

Development  of  Color.  Although  many  procedures  are  dt 
scribed  in  the  literature,  the  following  modification  was  use 
here. 

Standard  Solutions.  Solution  I,  ammonium  molybdate,  5.4 
grams  [(NH4)8Mo7024.4H20],  dissolved  by  warming  with  watt 
and  made  to  100  ml. 

Solution  II,  10 N  sulfuric  acid  (282  ml.  of  concentrated  sulfur: 
acid  diluted  to  1000  ml.),  checked  by  titration. 


1 


January  15,  1944 


ANALYTICAL  EDITION 


11 


'  Solution  III,  stannous  chloride.  A  stock  solution  of  stannous 
|  chloride  dehydrate  is  40  grams  dissolved  in  concentrated  hy- 
'  drochloric  acid  (density  1.18)  and  made  up  to  100  ml.  (stable 
“  for  months).  For  use,  it  is  diluted  200  times  with  distilled  water 
’  (stable  for  one  day). 

6  Analytical  Procedure.  To  the  solution  prepared  according  to 
0  instructions  above,  2.5  ml.  of  Solution  I  and  5  ml.  of  Solution  II 
)  are  added  and  mixed  thoroughly,  and  2  ml.  of  Solution  III  are 
r.  added  with  constant  swirling.  The  solution  is  made  to  volume 
1  (50  ml.)  and  mixed  thoroughly.  (The  final  acidity  of  the  50-ml. 
s  sample  should  be  1  IV  sulfuric  acid.  If  excess  acid  is  used  in  dis- 
3  solving  the  ash,  it  may  be  neutralized  at  that  point  or  the  amount 
1  of  Solution  II  may  be  reduced  to  give  the  final  acidity  stipulated.) 
“  A  blank  is  carried  through  the  same  procedure  to  check  for  the 
presence  of  phosphorus  in  the  reagents. 
r  Determination  of  Phosphorus  Content.  The  per  cent 

■  transmission  of  the  solution  in  a  1-cm.  thick  cell  at  700  m.n  is 

•  measured  exactly  20  minutes  after  adding  Solution  III.  The 
3  amount  of  phosphorus  in  an  unknown  may  be  determined  from 
1  a  calibration  curve  which  shows  the  per  cent  transmission  plotted 
e  as  ordinates  versus  the  phosphorus  content  of  known  standard 
3  solutions  as  abscissas.  The  calibration  curve  may  be  prepared 
1  from  a  series  of  transmission  curves  such  as  those  of  Figure  2. 

5  Notes  on  Phosphorus  Analysis.  When  a  molybdate  is 
added  to  a  solution  containing  orthophosphate  according  to  the 
method  described  above,  an  insoluble  phosphomolybdate  is 
formed.  However,  because  of  the  high  dilution,  a  precipitate  is 
not  apparent.  The  addition  of  a  reducing  agent  (stannous  chlo¬ 
ride)  causes  a  reduction  of  the  phosphomolybdate  and  gives  an 
intense  blue  color.  Under  the  proper  conditions,  the  molyb¬ 
denum  reagent  necessary  as  an  excess  is  not  reduced. 

The  factors  which  affect  the  color  are: 

1.  The  acid  concentration  is  very  important.  In  the  presence 
of  too  much  acid,  a  light  color  is  produced.  Conversely,  if  too 
little  acid  is  used,  the  molybdate  reagent  itself  will  be  reduced, 
causing  dark  colors.  In  the  method  used,  a  20%  decrease  in 
acidity  results  in  a  10%  increase  in  color  intensity,  while  a  10% 
increase  in  acidity  results  in  a  10%  decrease  in  color  intensity. 
Soluble  silica  also  produces  a  blue  color  with  the  above  reagent 
if  the  silica  concentration  is  high  or  the  acidity  is  insufficient  to 
suppress  the  ionization  of  the  silicic  acid.  The  acidity  chosen  as 
optimum  in  this  investigation  (IN  sulfuric  acid)  is  such  that  silica 
up  to  2000  p.p.m.  does  not  interfere. 

2.  The  molybdate  concentration  is  the  next  most  critical 
factor.  An  increased  molybdate  concentration  results  in  a 

i  higher  sensitivity  to  phosphorus,  but  also  an  increased  blank.  A 
high  blank  reading  is  not  desirable  when  low  concentrations  of 
phosphorus  are  present.  A  50%  increase  in  the  molybdate  con¬ 
centration,  as  used  above,  results  in  approximately  a  15%  in¬ 
crease  in  the  color  intensity.  A  20%  decrease  in  molybdate  con¬ 
centration  results  in  approximately  a  10%  decrease  in  color  in¬ 
tensity. 

3.  The  stannous  chloride  concentration  is  not  very  critical. 
A  ±50%  change  in  the  amount  of  stannous  chloride  influences  the 
phosphorus  result  not  more  than  ±5%. 

4.  Under  the  given  conditions,  the  color  increases  for  5  to  10 
:  minutes  after  the  stannous  chloride  is  added  and  bleaches  slowly 
,  thereafter.  It  is  recommended  therefore  that  the  color  be  meas- 
i  ured  20  minutes  after  addition  of  the  stannous  chloride. 

I  5.  The  following  sources  of  interference  have  been  considered, 

•  and  methods  of  reduction  or  elimination  are  recommended  where 
necessary: 

l  Ferric  ion  up  to  6  p.p.m.  does  no  harm.  Fifteen  parts  per 

•  million  slightly  inhibit  color  development,  while  larger  amounts 
,  of  ferric  ion  cause  very  rapid  fading  of  the  color.  Ferrous  ion 
l  causes  no  harm.  A  Jones  reductor  with  metallic  cadmium  gives 

•  best  results  for  prevention  of  interference  from  ferric  ion  (7). 

I  The  presence  of  more  than  20  p.p.m.  of  titanium  causes  in- 
.  terference  by  retarding  the  rate  of  color  development. 

I  Arsenates  give  the  same  color  as  phosphates  and  the  intensities 

•  are  inversely  proportional  to  the  molecular  weights.  Reduction 
!  with  sodium  bisulfite  eliminates  the  influence  of  arsenates  (20 

■  mK-  arsenic  pentoxide  per  50  ml.  may  be  taken  care  of  by  re- 
:  duction  to  arsenic  trioxide). 

:  Nitrates  up  to  100  p.p.m.  have  no  effect:  200  p.p.m.  reduce 
i  the  color  about  10%. 

■  Sulfates  in  large  amounts  interfere,  presumably  by  depressing 
the  ionization  of  the  sulfuric  acid. 

■  Tartaric  and  citric  acids  interfere  above  20  p.p.m.,  with  in¬ 
hibition  of  maximum  color.  They  may  be  removed  by  oxidation 
with  permanganate. 

Aluminum  and  manganese  in  reasonable  amounts  do  not  in- 
:  terfere. 

Calcium  and  magnesium  up  to  1000  p.p.m.  have  no  effect. 

Nickel  up  to  1000  times  the  phosphorus  content  does  not  in¬ 
terfere  except  for  its  own  color. 


Trichloroacetic  acid  begins  to  interfere  with  the  maximum  color 
development  at  concentrations  above  4%  in  the  final  mixture. 
Acetic  acid  shows  practically  no  effect. 

Hydrochloric  acid  has  a  tendency  to  lessen  color  stability  and 
retards  or  inhibits  maximum  coloration. 

DETERMINATION  OF  TYPES  AND  AMOUNTS  OF  RUBBERS  BY 
INFRARED  SPECTROSCOPY 

Recent  publications  ( 1 ,  2,  S,  8 )  have  described  in  great  detail 
the  methods  and  applications  of  infrared  spectroscopy  to  the 
identification  and  analysis  of  many  types  of  organic  materials. 
It  is  sufficient  here  to  point  out  the  two  salient  characteristics  of 
infrared  absorption  in  order  that  the  basis  for  analysis  can  be 
understood. 

In  the  first  place,  the  infrared  absorption  spectrum  (a  plot  of 
per  cent  transmission  as  ordinate  versus  frequency  in  cm.-1)  of  a 
material  is  a  unique  characteristic  of  the  material  and  cannot  be 
duplicated  by  another  compound.  Some  of  the  absorption 
bands  can  be  ascribed  to  particular  atomic  groups  within  the 
molecule  while  others,  characteristic  of  the  molecule  as  a  whole, 
are  particularly  useful  for  such  studies  as  differentiating  isomers. 
Thus  it  is  to  be  expected  that  the  phenyl  group  in  Buna  S  would 
give  rise  to  absorption  bands  which  would  not  be  present  in 
natural  rubber,  while  conversely,  the  methyl  groups  of  natural 
rubber  would  cause  a  characteristic  absorption  which  would  not 
be  observed  in  Buna  S.  Moreover,  it  is  to  be  expected  that  there 
will  be  further  bands  characteristic  of  the  molecule  as  a  whole 
which  will  assist  in  the  differentiation. 


Figure  2.  Speetrophotometric  DeterminatiorTof'Phosphorus 
Calibration  of  phosphorus  as  reduced  phosphomolybdate 
Final  solution  1  AT  In  sulfuric  acid,  MoOs  0.1 3  gram  per  50_ml.,  SnCk.SHsO 
0.006  gram  per  50  ml. 
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In  the  second  place,  so  long  as  no  intermolecular  action  occurs, 
the  spectrum  of  a  mixture  of  rubbers  will  be  simply  the  spectra  of 
the  pure  components  combined  in  the  proportion  in  which  the 
materials  themselves  are  present.  Hence,  it  is  to  be  expected 
that  an  unknown  mixture  can  be  analyzed  by  direct  measure¬ 
ment  of  the  strength  of  absorption  bands  unique  to  each  compo¬ 
nent,  or  by  comparison  of  the  absorption  spectra  of  the  unknown 
with  those  of  a  series  of  known  prepared  standards. 
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Figure  3.  Infrared  Absorption 


this  series  by  a  comparison  of  the  absorption  intensities 

1500  cm.-1  , 917  cm.-1  „  xl  .  X1  ,  , 

- ~r  and  co_ - — r.  By  this  method,  an  unknown  such  as 

that  shown  in  Figure  4  could  be  estimated  to  be  85%  natural 
rubber,  15%  Buna  S.  All  absorption  spectra  were  taken  wit! 
samples  smeared  on  salt  plates  and  a  high  resolution  spectrom¬ 
eter  ( 2 )  was  employed.  The  accuracy  of  the  method  is  limitec 
to  5  to  10%  because  of  the  inability  to  make  smear  samples  o: 
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Spectra  of  Rubber  Hydrocarbons 


The  infrared  absorption  spectra  of  various  common  types  of 
rubber  are  shown  in  Figure  3  (1).  The  differences  in  these  spec¬ 
tra  readily  show  their  applicability  in  identifying  an  unknown 
rubber  or  in  estimating  the  content  of  a  mixture.  In  the  course 
of  this  investigation,  only  mixtures  of  natural  rubber  and  Buna  S 
were  encountered.  A  consideration  of  these  two  spectra  in  Figure 
3  or  Figure  4  shows  several  major  points  of  difference — Buna  S 
has  a  strong  aromatic  ring  frequency  near  1500  cm.-1  and  two 
strong  bands  at  970  cm.-1  and  917  cm.-1  which  are  not  present  in 
the  natural  rubber.  Natural  rubber,  on  the  other  hand,  shows  a 
methyl  band  at  1380  cm.-1  and  a  strong  band  at  835  cm.-1 
which  are  not  observed  in  Buna  S.  Taking  advantage  of  these 
differences,  each  unknown  sample  was  analyzed  by  comparison 
of  its  spectrum  with  the  spectra  of  a  series  of  known  mixtures 
compounded  and  treated  in  approximately  the  same  way  as  the 
unknown  materials.  The  method  is  outlined  roughly  in  Figure  4, 
showing  the  absorption  spectra  of  natural  rubber,  50%  natural 
and  50%  Buna  S,  pure  Buna  S,  and  an  unknown  tire  tread.  It 
can  be  seen  from  the  50-50  mixture  that  the  unique  bands  men¬ 
tioned  above  are  all  present  with  a  strength  proportional  to  the 
component  concentration. 

In  the  actual  analysis,  a  great  many  intermediate  standard 
spectra  were  obtained.  An  unknown  was  matched  with  one  of 


constant  thickness.  Greater  accuracy,  if  desired,  could  be  ot 
tained  by  making  per  cent  transmission  measurements  at  tb 
chosen  frequencies  according  to  some  of  the  more  involve 
analytical  methods  referred  to  above  ( 2 ,  8,  8).  In  order  to  justif 
the  careful  treatment,  it  would  be  necessary  to  study  the  ui 
knowns  and  standards  as  solutions  of  known  concentration  in 
suitable  solvent  which  would  transmit  infrared  radiation  at  tl 
analytical  frequencies  chosen.  This  more  careful  treatmei 
would  still  require  a  preliminary  complete  absorption  spectrum  < 
each  unknown,  in  order  to  furnish  a  qualitative  analysis  for  tl 
various  rubber  materials  which  are  present. 

Sample  Preparation.  The  methods  described  above  a; 
standard  procedures  and  are  given  in  detail  in  the  reference 
Considerable  time,  however,  had  to  be  devoted  to  finding  a  meai 
of  converting  a  piece  of  tire  stock  to  a  sample  whose  infrare 
absorption  spectrum  could  be  measured.  All  attempts  to  obta 
the  spectra  of  the  tire  stocks  directly,  either  by  microtoming 
thin  section  or  by  a  smear  from  a  solution  of  the  stock  materif 
were  unsuccessful.  In  order  to  obtain  a  satisfactory  spectrui 
it  is  necessary  to  extract  the  rubber  hydrocarbon  free  of  plasl 
cizer,  filler,  etc.  The  method  finally  devised  was  completely  sati 
factory  for  the  authors’  purpose  and  should  be  of  great  value 
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my  situation  where  it  is  desirable  to  separate  filler  and  rubber 
without  destruction  of  the  rubber  hydrocarbon.  Therefore,  this 
;eparation  by  means  of  p-cymene  and  xylene  solution  is  com- 
>letely  described  below. 

After  this  separation,  the  rubber  is  present  as  a  solution  in  the 
hydrocarbon  solvents.  These  solvents  are  removed  by  vacuum 
listillation  until  the  rubber  is  a  gummy  solid  that  will  not  flow 
;it  room  temperature.  This  gum  is  then  washed  four  or  five  times 
vith  hot  acetone  to  remove  the  last  traces  of  plasticizer  and 
;olvent. 

In  most  cases  the  state  of  the  rubber  is  such  that  it  can  easily 
)e  smeared  on  a  rock  salt  plate.  The  desired  thickness  is  ob- 
ained  by  scraping  the  film  with  a  razor  blade  until  the  1450 
m.-1  CH  band  shows  a  transmission  of  about  10%.  If  the  rub¬ 
ber  does  not  spread  easily,  it  may  be  softened  with  a  volatile 
olvent  such  as  carbon  tetrachloride.  The  film  is  then  dried  in 
t,  vacuum  oven  to  remove  the  last  traces  of  solvent.  Finally, 
he  absorption  spectrum  of  the  sample  is  obtained  throughout 
he  spectral  region  of  interest. 

DISSOLVING  RUBBER  HYDROCARBON  AND  SEPARATING  IT  FROM 
COMPOUNDING  INGREDIENTS 

In  the  case  of  vulcanized  natural  rubber  compositions,  various 
olvent  methods  of  determining  the  amount  of  rubber  hydrocar- 
>on  have  been  used  with  some  success.  These  methods,  however, 
re  somewhat  involved  and  time-consuming.  Even  the  A.S.T.M. 
nethod  requires  that  the  solution  stand  overnight  to  allow  the 
aineral  fillers  and  pigments  to  settle  before  filtration.  If  the 
ubber  composition  contains  highly  dispersed,  exceedingly  fine 
>igments,  such  as  carbon  black,  separation  of  the  pigments  by 
iltration  or  centrifuging  is  usually  impossible. 

Since  many  present-day  rubber  products,  particularly  tire 
read  compositions  or  compounds,  contain  large  amounts  of 
arbon  black,  none  of  the  above-mentioned  methods  appeared 
iromising  for  separation  of  the  rubber  from  the  carbon  black  in 
uitable  condition  for  infrared  analysis.  Accordingly,  research 
n  this  question  was  initiated. 

Fearing  that  destruction  or  decomposition  of  the  rubber  hydro- 
1  arbons  might  result  from  the  use  of  the  conventional  high-boiling 
olvents  used  in  the  above  separation  methods,  a  number  of  low- 
filing  solvents  were  tried:  ethylene  dichloride,  toluene  plus 
j  liperidine,  o-nitroanisole,  Dispersing  Oil  No.  10  (Barrett)  plus 
:ylene,  and  Circolight  Process  Oil  (Sun  Oil  Co.)  plus  xylene. 
These  experiments  were  unsuccessful. 


Method  I.  In  the  next  attempts,  which  were  somewhat  more 
,  uccessful,  xylene  plus  a  small  amount  of  thio-d-naphthol  boil- 
"ng  under  reflux  was  found  to  dissolve  natural  or  synthetic  tire 
read  stocks  in  5  to  6  hours.  To  accomplish  this,  1  gram  of  chloro- 
eiorm-acetone-extracted  tread  stock  was  heated  in  100  cc.  of 
yylene  plus  0.3  gram  of  thio-/3-naphthol  at  140°  C.,  until  solu- 
ion  was  complete. 

However,  this  solution  did  not  permit  easy  separation  of  the 
’■arbon  black  unless  a  combination  of  centrifuging  and  slight 
Jcohol  precipitation  was  used.  (By  adding  alcohol  to  the  solu- 
ion,  a  small  amount  of  rubber  is  precipitated  in  order  to  drag 
lown  the  carbon  black  during  centrifuging.  There  is  some  danger 
hat  this  precipitation  may  be  selective  and  thus  change  the 
imposition  of  the  residual  rubber.)  A  sufficient  separation  of 
he  carbon  black  can  be  made  in  this  manner  to  permit  fairly 

Satisfactory  infrared  analysis.  In  the  case  of  carcass  stocks  con- 
aining  only  zinc  oxide  as  a  filler,  the  pigment  was  easily  separated 
jy  settling  or  centrifuging.  This  method  was  not  completely 
satisfactory,  however,  because  of  carbon  black  troubles  and  the 
llifficulty  of  removing  the  peptizer  without  loss  of  the  rubber 
'  tself. 

The  search  for  a  better  means  of  carbon  black  separation  was 
::  herefore  continued.  The  cresol  method  ( 9 )  was  tried  with  some 
success,  although  there  was  considerable  oxidation  of  the  rubber 
it  the  high  reflux  and  distillation  temperature  required.  The 
•mse  of  p-cymene  in  place  of  the  cresol  with  digestion  at  about  160° 
;i.o  170°  C.  gave  a  satisfactory  solution  in  about  4  hours  and  caused 
.no  noticeable  oxidation  of  the  rubber.  On  dilution  with  the  ben- 
:ene  and  70°  Be.  rubber  solvent  gasoline,  the  supernatant  liquid 


showed  clearing  in  a  few  minutes  and  could  be  filtered  free  of  the 
carbon  black  after  standing  10  minutes.  This  method  was  further 
altered  slightly  by  using  250  cc.  of  rc-hexane  instead  of  300  cc.  of 
70°  Be.  gasoline  for  diluting  the  solution.  Again  the  carbon  black 
separated  easily.  In  order  to  determine  whether  or  not  the  same 
dilution  technique  would  work  with  xylene  as  the  solvent,  a 
solution  of  the  same  tread  stock  was  made  with  30  cc.  of  xylene 
plus  a  small  amount  of  thio-/S-naphthol,  but  on  diluting  with 
benzene  and  hexane,  the  carbon  black  would  not  separate  from 
the  solution. 

Further  experiments  showed  that  the  combined  use  of  p- 
cymene  and  xylene  gave  the  most  successful  results  and  led  to  a 
satisfactory  method. 

Method  II  (adopted  for  solution  of  rubber  and  separation  of 
pigments).  Sheet  the  sample  to  a  thickness  of  approximately 
0.375  cm.  (0.15  inch)  on  a  tight  cold  15  X  30  cm.  (6  X  12  inch) 
laboratory  mill. 

Extract  the  plasticizer,  etc.,  from  4  grams  of  the  sheeted  sample 
with  a  mixture  of  32%  by  volume  of  acetone  and  68%  by  volume 
of  chloroform  for  a  minimum  of  7  hours,  or  until  the  extracting 
liquid  no  longer  shows  color.  This  size  of  sample  is  sufficient  to 
permit  repeat  analyses. 

Place  1.0  gram  of  the  dried,  extracted  sample  in  a  400-cc.  rub¬ 
ber  extraction  flask  with  25  cc.  of  p-cymene  and  5  cc.  of  xylene. 
Heat  on  a  steam  bath  at  about  70°  to  80°  C.  for  1  hour,  then  on  a 


Figure  4.  Outline  of  Infrared  Analytical  Method 
Spectra  of  prepared  standards  and  unknown  sample 
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Figure  5.  First  Step  in  Sampling  Procedure 
Labeled  cross  section  of  tire  to  be  analyzed  (or  rubber  content 


Table  III.  Composition  of  Typical  Rubber  Stocks 


- Stocks - 

87-1 

A-912 

Al-141 

Smoked  sheets 

50. 

100. 

Buna  S 

50. 

100. 

Zinc  oxide 

50. 

5. 

5. 

Carbon  black 

50. 

50. 

Stearic  acid 

1. 

2.5 

Pine  tar 

1.5 

1 . 5 

Thermoflex  A 

1.4 

Neozone  D 

0.6 

Bardol 

5. 

Sulfur 

2. 

3. 

2. 

Captax 

1.2 

1.5 

Altax 

1.25 

Agerite  resin  D 

1.5 

hot  plate  under  reflux  at  150°  to  160°  C.  until  the  rubber  stock  is 
completely  dissolved.  Three  to  4  hours  are  usually  sufficient. 

Cool  and  dilute  with  20  cc.  of  benzene  and  then  with  150  cc. 
of  hexane.  Allow  the  carbon  black  and  other  pigments  to  settle 
for  at  least  10  minutes,  then  decant  the  clear  supernatant  liquid 
through  a  No.  1  filter  paper.  If  desired,  filtration  may  be  done 
with  suction,  using  an  asbestos  pad. 

Wash  the  flask,  pigments,  and  filter  with  a  mixture  of  5  cc.  of 
benzene  and  45  cc.  of  hexane. 

The  above  treatment  easily  removes  the  carbon  black  and 
other  opaque  compounding  ingredients,  giving  a  clear  solution  of 
the  rubber  from  which  the  solvent  may  be  removed  by  vacuum 
distillation. 

In  order  to  make  valid  comparisons  between  known  and  un¬ 
known  samples,  many  mixtures  of  natural  and  Buna  S  rubber  in 
varying  proportions  were  compounded  according  to  the  typical 
methods  of  preparing  tread,  carcass,  and  tube  stocks.  The  rubber 
content  of  these  known  samples  was  then  extracted  according  to 
the  final  method  discussed  above  and  was  used  for  infrared  com¬ 
parison.  The  compounding  ingredients  used  in  three  such  typical 
standards  are  given  in  Table  III.  The  infrared  absorption  spec¬ 
trum  of  the  50-50  mixture  is  shown  in  Figure  4. 

TYPICAL  ANALYTICAL  RESULTS  ON  ACTUAL  TIRE  AND  TUBE  STOCKS 

This  entire  project  was  initiated  in  order  to  provide  a  suitable 
method  for  determining  the  composition  of  tires  and  tubes,  with 
particular  reference  to  the  types  and  relative  amounts  of  the 
various  rubbers  present.  The  analytical  methods  which  were 
evolved  were  applied  successfully  to  a  large  number  of  samples. 
The  type  of  information  obtained  is  well  illustrated  by  the  results 
shown  below,  which  were  selected  at  random  from  the  samples 
examined. 

The  tires,  when  received,  were  cross-sectioned,  photographed, 
and  labeled  as  shown  in  Figure  5,  thus  ensuring  a  permanent 
record  of  the  tires  and  a  ready  means  of  identifying  the  various 
samples  chosen.  Wherever  possible,  samples  of  the  tread, 


cushion,  breaker,  and  carcass  stocks  were  re¬ 
moved  from  each  tire,  extracted,  prepared  for 
study,  and  then  subjected  to  the  two  ana¬ 
lytical  procedures. 

In  Table  IV,  the  results  obtained  on  a  few 
typical  German  tires  and  inner  tubes  are  pre¬ 
sented.  In  view  of  the  spread  in  the  phos¬ 
phorus  contents  of  natural-  rubbers  from  vari¬ 
ous  sources  (Table  II),  a  mean  value  of  400 
p.p.m.  was  used  in  making  the  analytical 
calculations  from  phosphorus  determinations. 
The  agreement  between  the  infrared  and  the 
phosphorus  methods  is  therefore  all  the  more 
gratifying. 
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Table  IV.  Analysis  of  Captured  German  Tires 


Phosphorus 

Infrared 

Tire  No. 

Natural 

Natural 

Buna  S 

P.p.m.  % 

% 

% 

Tread  Stocks 

FT  61 

280 

75 

100 

0 

99 

30 

0 

0 

100 

100 

20 

0 

0 

100 

101 

10 

0 

0 

100 

102 

10 

0 

0 

100 

103 

30 

0 

0 

100 

104 

25 

0 

0 

100 

105 

20 

0 

0 

100 

106 

27 

0 

0 

100 

107 

3 

0 

0 

100 

Carcass  Stocks 

FT  61 

340 

100 

100 

0 

99 

340 

100 

100 

0 

100 

380 

100 

100 

0 

101 

430 

100 

100 

0 

102 

130 

25 

20 

80 

103 

190 

50 

50 

50 

104 

230 

60 

50 

50 

105 

200 

50 

80 

20 

106 

305 

80 

100 

0 

107 

190 

50 

50 

50 

Cushion  and  Tubes 

FT  61° 

290 

75 

100 

0 

99° 

270 

70 

100 

0 

101“ 

450 

100 

102  6 

200 

50 

75 

25 

1036 

255 

65 

75 

25 

1046 

285 

70 

85 

15 

1056 

295 

75 

100 

0 

1066 

260 

70 

100 

0 

1076 

290 

75 

100 

0 

“  Cushion. 

6  Tubes. 
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rhe  tensile  strength  at  a  given  marked  undercure  divided  by  the 
naximum  tensile  appears  to  be  a  convenient  index  of  rate  of  cure, 
rhis  index  is  called  the  tensile  ratio.  In  comparing  two  stocks,  the 
sne  having  the  higher  tensile  ratio  is  the  faster  curing.  The  proper 
jndercure  to  use  in  calculating  the  tensile  ratio  has  been  found  to  be 
n  the  range  of  roughly  60%  of  the  maximum  tensile,  which  for  many 
itocks  occurs  at  about  one  fourth  the  time  to  reach  maximum  tensile, 
rhe  tensile  ratio  is  very  easy  to  determine,  requires  no  special  equip¬ 
ment,  and  can  be  determined  fairly  accurately.  In  addition,  it 
igrees  well  with  generally  accepted  indexes  of  cure  rate  for  typical 
latural  rubber  and  GR-S  formulations. 


THE  methods  that  have  been  proposed  for  determining  the 
rate  of  cure  of  natural  rubber  stocks  include: 

Time  to  reach  some  maximum  physical  property,  such  as  ten¬ 
sile  strength,  tensile  product  (12,  16),  modulus  at  a  definite 
strain,  aged  tensile,  or  some  property  of  practical  importance  for 
i  given  compound. 

Tests  depending  on  temperature  susceptibility  like  T-50  (5, 
3,7, 11, 14)  or  zero  degree  set  (3). 

Chemical  tests,  such  as  determination  of  the  amount  of  com- 
oined  sulfur  (12). 

Special  tests  based  on  physical  measurements,  such  as  time 
:o  reach  the  break  in  the  modulus  at  a  given  strain  vs.  cure-time 
:urve  (4),  time  to  reach  the  cure  giving  “reasonable  snap  with 
substantially  unimpaired  tear”  (optimum  hand  tear  method)  (2), 
md  time  to  reach  minimum  reduced  residual  elongation  (8). 

Of  these  methods,  the  T-50  test  and  the  time  to  reach  maxi¬ 
mum  tensile  have  been  most  widely  accepted  and  have  proved 
very  useful,  but  leave  something  to  be  desired.  The  T-50  test 
■equires  special  equipment  not  always  available  in  smaller  rubber 
aboratories,  while  the  time  to  reach  maximum  tensile,  although 
obtainable  from  tensile  data  which  in  most  cases  would  have  to 
oe  determined  anyhow  in  order  to  evaluate  the  compound,  is 
difficult  to  determine  accurately,  as  the  tensile  vs.  cure-time 
■urve  usually  has  a  flat  maximum. 

In  GR-S  the  need  for  a  convenient  index  of  rate  of  cure  is  more 
argent.  The  T-50  test  is  not  applicable  to  GR-S  compounds  (9) 
ind  as  a  rule  the  tensile  vs.  cure-time  curve  has  an  even  flatter 
naximum  than  in  rubber,  so  that  the  accuracy  of  determining 
;he  time  to  reach  maximum  tensile  is  even  lower. 

In  considering  the  question  of  obtaining  a  satisfactory  index 
)f  rate  of  cure,  it  will  be  helpful  to  define  the  terms  “optimum 
■ure”,  and  “state  of  cure”,  “rate  of  cure”. 

Optimum  cure  for  a  given  physical  property  may  be  defined  as 
he  time  required  to  reach  the  maximum  or  optimum  value  for  that 
>roperty — for  example,  the  optimum  cure  with  respect  to  re¬ 
wound  would  be  the  cure  time  at  a  specified  cure  temperature  to 
aring  the  stock  to  its  maximum  rebound.  The  property  most 
:enerally  used  is  tensile  strength  and  the  optimum  cure  for  ten- 
ile  strength  is  often  referred  to  simply  as  the  optimum  cure. 

State  of  cure  has  been  defined  as  the  position  of  the  cure  in 
juestion  in  a  series  of  cures  (IS).  It  seems  more  precise  to  de- 
ine  state  of  cure  with  respect  to  a  given  physical  property  as 
hat  fraction  of  the  maximum  value  of  the  property  shown  by 
he  cure  in  question  (16).  For  example,  if  the  30-minute  cure 
>f  a  certain  tread  stock  has  a  rebound  of  47%  and  if  the  maxi- 
num  rebound  for  this  tread  stock  is  50%,  then  the  state  of  cure 
if  the  30-minute  cure  with  respect  to  rebound  can  be  expressed  as 
17/50  =  0.94.  It  may  be  useful  in  some  instances  to  distinguish 
mdercures  from  overcures;  we  may,  therefore,  indicate  over- 
■ures  by  placing  a  negative  sign  before  the  state  of  cure. 


Rate  of  cure  may  be  defined  as  the  time  required  to  reach  a 
given  state  of  cure  compared  to  some  standard  or  control  stock. 
Specifically,  rate  of  cure  referred  to  a  given  state  of  erne  equals 
time  to  reach  that  state  for  the  control  diyided  by  the  time  for 
the  sample  to  reach  the  same  state.  In  the  previous  example, 
if  the  standard  stock  reaches  a  state  of  cure  of  0.94  based  on  re¬ 
bound  in  20  minutes,  the  rate  of  cure  of  the  sample  tread  stock 
would  be  20/30  =  0.67,  since  the  sample  stock  required  30 
minutes  to  reach  the  0.94  state. 

Optimum  cure  and  state  of  cure  depend  on  the  physical  prop¬ 
erty  used  to  determine  curing  characteristics.  Rate  of  cure  may 
depend  in  addition  on  the  state  of  cure  at  which  the  rate  is  meas¬ 
ured.  From  a  practical  viewpoint  the  basic  physical  property 
is  the  useful  life  of  a  satisfactory  commercial  product  made  from 
the  compound  in  question.  If  we  then  take  useful  life  as  the 
physical  property  for  determining  state  of  cure  and  use  a  state 
of  cure  of  1.0  (optimum  cure)  at  which  to  measure  rate  of  cure, 
we  arrive  at  the  following  definition  of  rate  of  cure  at  a  given 
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cure  temperature — rate  of  cure  for  any  stock  is  the  cure  time 
required  to  reach  maximum  useful  life  for  a  standard  control 
stock  divided  by  the  cure  time  required  to  reach  maximum  useful 
life  for  the  sample  stock. 


While  the  foregoing  definition  is  precise,  it  is  not  very  useful  ir 
actual  laboratory  work.  Some  index  of  rate  of  cure  is  there f on 
desired  which  correlates  closely  with  rate  of  cure  as  defined  above 

but  can  be  determined  convenientlj 
and  accurately.  In  the  absence  o: 


Formula 

Smoked  sheet 
Zino  oxide 
Pine  tar 
Stearic  acid 
Sulfur 

Mercaptobenzothi- 

azole 

Precipitated  whiting 
Medium  thermal  (MT) 
Continex  (SRF) 
Continental  AA  (EPC) 
Continental  D  (MPC) 
Continental  R-40  (CC) 


Min. 


Table  I.  Natural  Rubber 


Conti- 

Conti- 

Conti- 

Pptd. 

Conti- 

nental 

nental 

nental 

Gum 

Whiting 

MT 

nex 

AA 

D 

R-40 

LOO 

100 

100 

100 

100 

100 

100 

7.85 

7.85 

7.85 

7.85 

7.85 

7.85 

7.85 

3 

3 

3 

3 

3 

3 

3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

2.81 

2.81 

2.81 

2.81 

2.81 

2.81 

2.81 

0.743 

0.743 

78 

0.743 

0.743 

0.743 

0.743 

0.743 

50 

50 

50 

50 

50 

Cure  at  280°  F. 


Modulus  at  400% 

0 

340 

elongation,  lb./sq. 

8 

180 

in. 

15 

870 

30 

280 

960 

60 

300 

1100 

90 

390 

900 

180 

390 

780 

Tensile  at  break,  lb./ 

0 

0 

100 

sq.  in. 

8 

.... 

15 

2410 

2450 

30 

3580 

2400 

60 

3800 

2300 

90 

3490 

2175 

180 

2670 

2000 

300 

900 

350 

250 

180 

720 

1420 

1070 

720 

370 

1060 

1920 

1620 

1060 

770 

1250 

2120 

2100 

1430 

1690 

1350 

2200 

2330 

2360 

1800 

1320 

2300 

2675 

2630 

2470 

70 

200 

250 

370 

380 

1620 

1950 

600 

750 

460 

2650 

2900 

2400 

2040 

1200 

2700 

3200 

3340 

2660 

2600 

2820 

3340 

3750 

3290 

3300 

2550 

3200 

3900 

3880 

3360 

2450 

2450 

3750 

3780 

3170 

Elongation  at  break, 

% 


0 

8 

15 

30 

60 

90 

180 


800 

765 

755 

695 

680 


975 

6io' 

600 

580 

580 

570 


900  750 
....  600 
670  600 
600  550 
585  540 
550  450 
550  450 


860 

775 

600 

600 

600 

565 

530 


975  1100 
800  850 
650  800 
640  720 
630  600 
570  600 
535  490 


Breaking  set,  % 


Tear,  lb./in. 


Durometer  at  25°  C. 


Durometer  at  100°  C. 


Rebound  at  25°  C., 
%,  Bashore 


Rebound  at  100°  C., 
%,  Bashore 


T-50.  °  C. 


0 

135 

145 

185 

180 

220 

205 

275 

8 

10 

120 

105 

180 

15 

•  'j- 

‘is’ 

'l7' 

12 

17 

24 

30 

10 

17 

17 

16 

25 

25 

35 

60 

10 

12 

22 

21 

30 

27 

27 

90 

5 

17 

15 

7 

27 

32 

30 

180 

0 

15 

11 

7 

21 

25 

17 

0 

25 

25 

35 

40 

45 

50 

8 

i70’ 

100 

100 

150 

65 

90 

65 

15 

180 

260 

300 

480 

440 

135 

125 

30 

220 

250 

325 

485 

800 

250 

200 

60 

225 

285 

275 

485 

865 

600 

680 

90 

180 

200 

230 

370 

770 

730 

680 

180 

170 

200 

230 

300 

635 

730 

540 

0 

24 

34 

30 

37 

40 

39 

45 

8 

26 

39 

38 

47 

45 

45 

48 

15 

34 

48 

45 

54 

52 

51 

51 

30 

39 

54 

50 

58 

58 

60 

59 

60 

41 

56 

51 

60 

60 

62 

63 

90 

42 

55 

53 

62 

65 

69 

66 

180 

41 

55 

51 

62 

69 

70 

70 

0 

8 

15 

14 

18 

21 

20 

30 

8 

35 

44 

38 

40 

28 

28 

37 

15 

36 

50 

45 

49 

42 

43 

41 

30 

41 

56 

50 

56 

56 

54 

50 

60 

41 

57 

52 

58 

59 

55 

61 

90 

42 

55 

52 

61 

63 

65 

61 

180 

40 

53 

49 

60 

65 

67 

64 

0 

46 

35 

46 

43 

31 

30 

23 

8 

49 

39 

51 

38 

31 

32 

23 

15 

51 

42 

52 

42 

30 

33 

30 

57 

52 

55 

48 

33 

34 

'27' 

60 

60 

55 

58 

47 

37 

32 

34 

90 

58 

53 

59 

47 

36 

32 

32 

180 

56 

53 

58 

45 

34 

32 

28 

0 

28 

27 

28 

26 

23 

23 

23 

8 

54 

58 

60 

48 

33 

34 

25 

15 

63 

65 

62 

53 

43 

40 

30 

70 

69 

73 

63 

48 

48 

'33‘ 

60 

75 

71 

75 

60 

52 

46 

48 

90 

68 

68 

77 

61 

50 

46 

48 

180 

65 

67 

74 

60 

47 

47 

41 

0 

23.0 

22.5 

22.5 

21.0 

22.0 

21.0 

19.8 

8 

5.0 

7.0 

11.5 

12.5 

18.5 

20.2 

15 

-1.0 

0.0 

4.5 

5.5 

'l2.5 

15.3 

18.0 

30 

-18.0 

-12.0 

-6.5 

-6.5 

1.5 

3.0 

9.5 

60 

-46.5 

-24.0 

-22.8 

-18.0 

-9.3 

-7.2 

3.3 

90 

-47.5 

-27.0 

-26.5 

-22.0 

-13.7 

-10.0 

-0.5 

180 

-47.8 

-27.0 

-26.5 

-25.5 

-19.0 

-15.8 

-3.5 

data  connecting  any  proposed  indei 
of  rate  of  cure  with  actual  useful  lif< 
tests  it  may  be  considered  satisiac 
tory  to  show  that  the  proposed  inde: 
correlates  closely  with  indexes  of  rah 
of  cure,  the  usefulness  of  which  ha 
already  been  established. 

TENSILE  RATIO 

In  order  to  determine  which  physi 
cal  properties  most  closely  fulfil 
the  above  criteria  for  a  useful  inde: 
of  rate  of  cure,  the  indexes  suggestei 
by  previous  investigators  and  othe 
combinations  of  physical  propertie 
mentioned  below  were  examined  i: 
natural  rubber  and  GR-S.  The  bes 
index  was  found  to  be  the  tensil 
ratio,  which  is  defined  as  the  tensil 
strength  at  a  marked  undercur 
divided  by  the  maximum  tensil 
strength.  The  undercure  best  suite 
for  this  purpose  was  found  to  be  th 
cure  giving  a  tensile  strength  c 
roughly  60%  of  the  maximum  tensil< 
For  many  tread  type  stocks  the  d< 
sired  cure  is  roughly  one  fourth  th 
time  to  reach  maximum  tensile.  Fc 
example,  for  a  series  of  stocks  of  th 
type  which  reach  maximum  tens! 
in  about  60  minutes — say  betwee 
30  and  90  minutes — the  propc 
undercure  for  calculating  the  tens! 
ratio  would  be  about  a  15-minul 
cure. 

A  very  definite  objection  to  tl 
use  of  the  time  to  reach  some  max 
mum  property  such  as  maximu: 
tensile  as  an  index  of  rate  of  cu: 
is  the  inaccuracy  involved  in  dete 
mining  this  time  when  the  tensile  i 
cure-time  curve  has  a  flat  maximur 
The  tensile  ratio  is,  of  course,  n< 
subject  to  this  difficulty,  as  tl 
flatter  the  maximum  in  the  tensi 
vs.  cure-time  curve,  the  easier  it  is 
determine  accurately  the  value 
the  maximum  tensile  and  hence  tl 
tensile  ratio. 

In  Figures  1  and  2  the  effect  of  tl’ 
form  of  the  tensile  maximum  on  til 
accuracy  of  determining  the  time 
reach  maximum  tensile  is  illustrate 
In  both  figures  the  solid  line  givi 
the  tensile  strength  as  determin. 
from  the  average  of  four  identic  1 
stocks  cured  simultaneously  at  1 t 
indicated  cures.  From  the  devi* 
tions  of  the  individual  stocks  frci 
the  average,  the  probable  error  (0. ' 
times  the  standard  deviation)  ateai 
cure  was  calculated  and  the  tu 
broken  lines  correspond  to  the  avera: 
value  minus  the  probable  error  a  I 
the  average  plus  the  probable  err. 
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"hus  the  two  broken  lines  represent  the  50%  confidence  limits 
br  the  tensile  at  various  cures.  The  stock  used  for  this  purpose 
l  Figure  1  was  Continental  AA  in  the  natural  rubber  formulation 
iven  in  Table  I,  while  in  Figure  2  Continental  AA  in  the  GR-S 
armula  given  in  Table  II  was  used.  For  the  possible  tensile  vs. 
ure-time  curves  that  can  be  drawn  within  the  broken  lines,  the 
aaxima  can  be  anywhere  in  the  shaded  areas,  so  that  the  time 
d  reach  maximum  tensile  can  vary  from  Gun.  to  The  ex- 

reme  per  cent  variation  is  therefore,  as  shown  on  the  figures, 
5%  for  the  rubber  stock  and  64%  for  the  flatter  GR-S  curve, 
'rom  the  same  figures  the  extreme  per  cent  variation  for  the  ten- 
ile  ratio  can  also  be  calculated  as  indicated  on  the  figures  and  is 
0%  for  rubber  and  13%  for  GR-S.  (These  values  are  only 
pproximate  and  illustrative.  Since  the  experimental  errors 
jsponsible  for  the  variation  in  the  individual  curves  are  not  en- 
irely  independent,  the  confidence  limits  for  the  various  calcula- 
ions  may  be  somewhat  different  and  the  figures  should  not  be 
onsidered  as  indicating  a  precise  comparison  of  the  accuracy  of 
be  tensile  ratio  and  time  to  reach  maximum  tensile.) 

DETERMINATION  OF  RATE  OF  CURE  OF  NATURAL  RUBBER 

In  order  to  determine  how  satisfactory  an  index  of  rate  of  cure 
'as  furnished  by  the  tensile  ratio,  various  pigments  were  milled 
ito  a  typical  natural  rubber  formula,  26  volumes  of  pigment 


Figure  3 


per  hundred  volumes  of  rubber  being  used  in  all  cases.  In  Table 
I  the  formulas  of  the  stocks  used  and  the  experimental  test  results 
are  given.  The  results  include  tests  on  uncured  stock  and  on  a 
range  of  cures  from  8  to  180  minutes  and  permit  comparison  of  the 
tensile  ratio  and  various  indexes  of  rate  of  cure  which  have  been 
used  or  recommended  for  natural  rubber.  The  time  to  reach 
maximum  tensile,  tensile  product  (12,  16)  (tensile  multiplied  by 
elongation),  tear,  and  rebound  were  determined  from  the  data. 
Likewise  the  time  to  reach  minimum  reduced  residual  elongation 
(breaking  set  divided  by  tensile)  (8),  break  in  modulus  at  400% 
elongation  (4),  and  optimum  cure  as  determined  by  hand  tear 
(2)  were  determined.  In  addition  to  tabulating  the  time  to  reach 
maximum  values  the  time  to  reach  various  percentages  (60,  70, 
75,  80,  85,  90)  of  maximum  values  was  determined  for  tensile 
strength  and  also  for  the  other  physicals. 

We  have  defined  state  of  cure  as  the  ratio  of  the  physical 
property  at  a  given  cure  divided  by  the  maximum  value  of  the 
physical  property.  It  was  therefore  thought  of  interest  to  see  if 
the  state  of  cure  for  any  given  cure,  such  as  15  minutes,  could 
offer  a  useful  index  of  rate  of  cure.  For  this  purpose  the  ratio 
of  tensile  at  all  undercures  to  maximum  tensile  was  determined 
and  similar  ratios  for  tensile  product,  rebound,  modulus,  and 
durometer.  (In  the  case  of  modulus  and  durometer  the  180- 
minute  cure  was  taken  as  the  maximum  value.)  Since  the  re¬ 
bound  of  the  uncured  stock  is  appreciable,  the  ratio  of  the  in¬ 
crease  in  rebound  over  uncured  rebound  at  all  undercures  to  the 
increase  in  rebound  over  uncured  rebound  for  the  maximum  re¬ 
bound  was  also  calculated. 

Finally,  it  was  thought,  the  slope  of  the  curve  for  the  various 
physical  properties  vs.  cure  time  at  marked  undercures  might 
furnish  an  index  of  cure.  Therefore  the  difference  in  tensile  for 
various  undercures — e.g.,  tensile  at  15  minutes  minus  tensile  at  8 
minutes — divided  by  maximum  tensile  was  tabulated  and  similar 
ratios  for  tensile  product,  tear,  and  rebound. 

Inasmuch  as  the  T-50  test  is  probably  the  most  generally  ac¬ 
cepted  index  of  rate  of  cure  for  natural  rubber,  the  indexes 
enumerated  above  were  tested  by  determining  their  correlation 
with  T-50.  The  tensile  ratio  which  for  this  series  of  stocks  was 
taken  as  the  tensile  at  15  minutes  divided  by  the  maximum  ten¬ 
sile  was  found  to  give  the  best  correlation. 

The  results  are  summarized  in  Figures  3  and  4,  where  the  ten¬ 
sile  ratio  and  other  indexes  of  rate  of  cure  are  plotted  against 
T-50  at  the  60-minute  cure.  The  other  indexes  are  those  found 
to  give  the  closest  correlation  with  T-50  or  which  have  been  pre¬ 
viously  suggested  in  the  literature. 

The  prediction  indexes  (P.I.)  indicating  the  degree  of  correla¬ 
tion  between  the  various  indexes  of  rate  of  cure  and  T-50  are 
listed  on  the  figures.  (Prediction  index  =  1  —  VI  —  r2,  where  r 
is  the  coefficient  of  correlation  calculated  according  to  standard 
statistical  methods.  P.I.  is  0  for  no  correlation  and  1  for  perfect 
correlation.  For  six  pairs  of  values  as  in  the  present  instance 
r  >  0.8  or  P.I.  >  0.4  shows  significant  correlation  within  the 
95%  confidence  limits.)  The  prediction  index  of  0.84  for  tensile 
ratio  was  the  highest  found.  Likewise  the  fact  that  tensile  ratio, 
is  the  only  function  which  can  be  fairly  well  approximated  by  a 
single  straight  line  confirms  the  indication  given  by  the  predic¬ 
tion  indexes. 

The  tensile  ratio  has  been  used  in  the  authors’  laboratory  as: 
an  index  ot  rate  of  cure  for  various  channel  black  stocks.  In  a. 
series  of  twenty-seven  experimental  blacks  in  the  same  base  for¬ 
mula  used  for  the  pigments  in  Table  I  the  tensile  ratio  and  time 
to  reach  maximum  tensile  were  both  measured.  The  rate  of 
cure  as  defined  previously  was  then  determined  by  dividing  the 
tensile  ratio  of  each  experimental  stock  by  the  tensile  ratio  for 
the  standard  control  which  was  cured  at  the  same  time  as  the 
experimental  sample.  The  same  control  was,  of  course,  used 
throughout  the  series.  Likewise,  the  rate  of  cure  was  also  esti¬ 
mated  by  dividing  the  time  to  reach  maximum  tensile  of  the  con¬ 
trol  by  the  time  to  reach  maximum  tensile  for  the  sample.  The 
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Table  II.  GR-S 


Pptd. 

Whit¬ 

Conti¬ 

Conti¬ 

Conti¬ 

Conti¬ 

nental 

nental 

nental 

Formula 

Gum 

ing 

MT 

nex 

HMF 

AA 

D 

R-40 

GR-S 

100 

100 

100 

100 

100 

100 

100 

100 

C 

Zinc  oxide 

5 

5 

5 

5 

5 

5 

C 

5 

O 

c. 

Coal-tar  softener 

5 

5 

5 

5 

5 

O 

5 

0 

Mercaptobenzo- 

thiazole 

Sulfur 

Precipitated 

whiting 

Medium  thermal 

1.5 

2 

1 . 5 

2 

78 

1.5 

2 

50 

1.5 

2 

1.5 

2 

1.5 

2 

1.5 

2 

1.5 

2 

(MT) 

Continex  (SRF) 
High  modulus 

'56' 

50 

furnace  (HMF) 

’56' 

Continental  AA  (EPC) 

50 

Continental  D  (MPC) 
Continental  R-40  (CC) 

.... 

'56' 

Cure  at  307°  F. 

Min. 

Modulus  at 

0 

260 ' 

3io  ’ 

300%  elonga¬ 

8 

240" 

’96' 

220 

210 

266' 

tion.  lb./ sq.  in. 

15 

240 

210 

580 

790 

510 

360 

390 

30 

240 

320 

850 

1270 

900 

800 

410 

60 

240 

400 

1130 

1420 

1230 

1180 

970 

90 

240 

410 

1130 

1450 

1320  j 

1260 

1100 

180 

250 

420 

1190 

1470 

1480 

1500 

1250 

Tensile  at  break, 

0 

0 

0 

0 

40 

50 

100 

720‘ 

80 

lb./sq.  in. 

8 

160 

700 

520 

650 

560 

300 

500 

15 

190 

790 

940 

1340 

1880 

1570 

950 

740 

30 

190 

760 

1130 

1630 

2200 

2380 

2320 

1820 

60 

190 

760 

1010 

1550 

2200 

2620 

2550 

2360 

90 

190 

760 

1010 

1460 

2170 

2590 

2760 

2580 

180 

190 

500 

840 

1400 

2100 

2570 

2600 

2570 

Elongation  at 

0 

460 

300 

275 

415 

410 

490 

550 

550 

break0,  % 

8 

315 

590 

880 

685 

600 

640 

675 

600 

15 

400 

560 

805 

590 

550 

625 

660 

660 

30 

300 

550 

665 

520 

450 

575 

600 

650 

60 

315 

550 

625 

390 

415 

465 

490 

550 

90 

340 

545 

590 

385 

395 

450 

490 

540 

180 

225 

455 

520 

350 

385 

425 

430 

480 

Breaking  set,  % 

0 

12 

15 

17 

15 

32 

37 

31 

8 

10 

10 

7 

10 

22 

16 

29 

15 

4 

9 

4 

9 

17 

19 

26 

30 

6 

6 

5 

5 

12 

15 

20 

60 

4 

5 

4 

4 

5 

5 

15 

90 

5 

5 

4 

2 

5 

5 

14 

180 

5 

4 

4 

2 

5 

5 

10 

Tear,  lb. /in. 

0 

20 

20 

20 

30 

55 

8 

70 

115 

i55 

125 

50 

166' 

145 

15 

90 

135 

225 

265 

230 

200 

180 

30 

90 

100 

185 

225 

325 

320 

265 

60 

85 

100 

155 

220 

285 

380 

280 

90 

80 

110 

150 

175 

265 

380 

315 

180 

80 

85 

150 

170 

270 

290 

305 

D  urometer  at 

0 

10 

15 

14 

15 

16 

21 

23 

33 

25°  C.,  30-sec¬ 

8 

33 

42 

28 

33 

33 

38 

37 

41 

ond  reading 

15 

36 

44 

35 

43 

44 

45 

45 

47 

30 

35 

44 

41 

49 

51 

55 

54 

57 

60 

35 

45 

42 

51 

52 

59 

58 

61 

90 

35 

43 

42 

52 

55 

58 

58 

61 

180 

35 

43 

43 

51 

54 

60 

61 

66 

Durometer  at 

0 

8 

11 

6 

9 

11 

11 

14 

23 

100°  C.,  30- 

8 

32 

44 

33 

33 

33 

29 

29 

35 

second  reading 

15 

35 

44 

36 

42 

44 

40 

42 

44 

30 

35 

44 

41 

48 

50 

50 

51 

50 

60 

34 

43 

41 

51 

51 

56 

55 

58 

90 

34 

41 

41 

54 

53 

55 

56 

57 

180 

35 

41 

40 

52 

51 

57 

59 

62 

Rebound  at 

0 

43 

28 

33 

20 

28 

25 

23 

19 

25°  C.,  %,  Ba- 

8 

53 

39 

44 

38 

38 

30 

28 

22 

shore 

15 

51 

40 

47 

40 

41 

31 

30 

25 

30 

52 

40 

48 

43 

42 

34 

31 

25 

60 

53 

39 

46 

43 

43 

35 

31 

26 

90 

53 

40 

46 

42 

42 

33 

30 

26 

180 

52 

38 

46 

41 

42 

32 

31 

26 

Rebound  at 

0 

26 

33 

35 

32 

30 

30 

27 

22 

100°  C..  %, 

8 

56 

48 

48 

40 

40 

32 

29 

24 

Bashore 

15 

57 

48 

50 

45 

43 

33 

32 

27 

30 

58 

49 

57 

51 

48 

39 

38 

32 

60 

60 

47 

55 

53 

49 

40 

39 

34 

90 

59 

48 

54 

52 

51 

40 

38 

35 

180 

58 

46 

54 

51 

50 

39 

39 

35 

Combined  sulfur. 

8 

70.5 

89.5 

43. 

3 

45.5 

37. 

5 

32.6 

31. 

%  of  original 

15 

84.8 

90.6 

64 

0 

65.6 

66. 

3 

54.2 

43!  6 

36. 

sulfur& 

30 

96.9 

78 

4 

83. 

2 

72.4 

59.0 

50. 

60 

98.4 

95^0 

86 

5 

85 !  6 

87.4 

85.2 

70. 

90 

98.8 

90.8 

90 

0 

89.2 

89.9 

82. 

180 

98.0 

72.5 

70 

0 

'69  .'8 

'77 

6 

90.4 

93.9 

88. 

prediction  index  indicating  the  corre¬ 
lation  between  the  rate  of  cure  de 
termined  in  these  two  ways  was  thei 
found  to  be  0.24.  Since  for  twenty 
seven  pairs  of  values  a  predictioi 
index  greater  than  0.08  shows  a  sig 
nificant  correlation,  there  is  appar 
ently  a  definite  relation  between  thesi 
two  methods  of  determining  rate  o 
cure.  Of  the  two  methods,  tensil 
ratio  can  be  determined  mor< 
precisely. 

DETERMINATION  OF  RATE  OF 
CURE  IN  GR-S 

As  in  the  case  of  natural  rubbe 
various  pigments  were  studied  in 
typical  formulation,  26  volumes  c 
pigment  per  100  volumes  of  polyme 
being  used  as  before.  The  formul 
and  test  results  appear  in  Table  I! 
Since  T-50  does  not  show  muc 
variation  with  cure  for  GR-S,  th: 
test  was  omitted.  In  place  of  th 
T-50  as  a  reference  test  with  whic 
other  indexes  could  be  compare! 
combined  sulfur  was  determined  b 
analysis.  The  sodium  sulfite  methc 
(1,  10)  was  used  to  determine  fr< 
sulfur  and  the  combined  sulfur  ca 
culated  by  subtracting  the  free  su 
fur  from  the  total  sulfur.  The  con 
bined  sulfur  values  for  all  cures  a: 
tabulated  in  Table  II.  It  is  won 
noting  that  the  figures  for  the  fast 
curing  stocks  pass  through  a  ma? 
mum.  Moreover,  if  the  slower  curb 
channel  black  stocks  were  examim 
at  even  longer  cures  than  180  minutf 
it  is  possible  that  the  combined  sulf 
for  these  stocks  too  might  pass  throuj 
a  maximum.  The  reason  for  this  t 
havior  is  not  clear. 

The  same  indexes  of  rate  of  cn 
studied  in  natural  rubber  were  dett 
mined.  In  Figures  5  and  6  the 
indexes  suggested  by  other  invest^ 
tors  or  found  to  correlate  well  wi 
combined  sulfur  are  plotted  agaii 


a  An  interesting  contrast  appears  in 
behavior  of  elongation  as  a  function  of  c 
time  for  natural  rubber  and  GR-S. 
natural  rubber,  elongation  is  highest  in 
uncured  state  for  all  stocks  and  decrea 
regularly  as  cure  proceeds  (Table  I). 
GR-S,  however,  elongation  increases  w 
cure  reaching  a  maximum  for  most  stock, 
the  vicinity  of  the  8-minute  cure. 

f>  In  connection  with  combined  sul 
values  for  the  gum  stock,  which  approach 
most  100%  of  the  original  sulfur,  for  a  g 
formulation  differing  from  the  above  st 
only  in  that  10  parts  of  zinc  oxide  and  C 
part  of  sulfur  were  used  instead  of  5  of  s 
oxide  and  2  of  sulfur,  the  maximum  c<  i 
bined  sulfur  was  less  than  80%  of 
original  sulfur.  The  combined  sulfur  vab 
for  this  stock  are: 

Cure,  minutes  0  8  15  30  90  ‘ 

Combined 

sulfur,  %  0  42  58  69  77  • 

This  behavior  for  GR-S  is  similar  to  1i 
observed  by  Thornhill  and  Smith  (IS)  > 
natural  rubber.  They  found  that  for  hh  * 
sulfur  loading  the  per  cent  of  the  orig! 
sulfur  combined  at  a  given  cure  is  highei 
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Figure  5 


COMBINED  SULFUR  AT  15'  CURE  (%  OF  ORIGINAL  SULFUR) 

Figure  6 


Prediction  indexes  giving  the  correlation  of  the  indexes  of  cure 
rate  with  cure  temperature  are  listed  at  the  top  of  Figure  7.  The 
best  correlation  with  cure  temperature  is  obtained  with  tensile 
ratio  and  combined  sulfur.  Time  to  reach  maximum  tensile 
also  shows  a  significant  correlation  with  cure  temperature  but 
does  not  correlate  as  closely  as  the  other  two  indexes.  (For  the 
eight  stocks  used  in  this  case  a  prediction  index  >  0.3  or  a  corre¬ 
lation  coefficient  >  0.7  indicates  a  significant  correlation  within 
95%  confidence  limits.) 

DISCUSSION 

Studies  with  GR-I  stocks  also  indicate  that  the  tensile  ratio  is 
a  useful  index  of  cure  for  this  synthetic.  It  is  planned  to  pre¬ 
sent  these  results  in  a  separate  paper. 

In  dealing  with  certain  special  problems  the  time  required  to 
obtain  a  satisfactory  index  of  rate  of  cure  may  possibly  be  short¬ 
ened.  For  example,  in  comparing  a  series  of  stocks  all  of  which 
have  very  similar  maximum  tensiles,  the  tensile  of  the  proper 
undercure  is  approximately  proportional  to  the  tensile  ratio  and 
can  be  used  similarly  as  an  index  of  rate  of  cure.  A  case  of  this 
sort  would  occur  in  the  control  testing  of  rubber  channel  blacks 
or  other  pigments.  On  the  other  hand,  although  the  maximum 
tensiles  for  different  stocks  in  a  series  may  be  different,  the  cure 
rate  may  be  sufficiently  similar  so  that  the  tensile  of  a  fixed  cure 
in  the  maximum  tensile  range,  say  the  60-minute  cure,  may  be 
fairly  close  to  the  maximum  tensile  for  all  stocks.  In  this  event 
the  tensile  ratio  would  be  approximately  equal  to  the  tensile  at 
15  minutes/tensile  at  60  minutes,  which  could  then  be  used  as  an 
index  of  rate  of  cure  and  would  only  require  the  making  of  two 
cures.  A  possible  example  of  this  type  might  be  a  series  of  stocks 
containing  different  amounts  of  petroleum-type  softeners. 

The  rate-of-cure  results  for  both  natural  rubber  and  GR-S 
indicate  that  the  tensile  ratio  is  a  satisfactory  index  of  rate  of  cure 
even  in  a  series  of  stocks  containing  a  widely  different  variety  of 
pigments.  However,  it  seems  likely  that  the  greatest  usefulness 
for  the  tensile  ratio  will  occur  in  the  comparison  of  similar  pig¬ 
ments  or  other  compounding  ingredients  such  as  carbon  blacks, 
inorganic  pigments,  softeners,  antioxidants,  etc.,  in  the  same  test 
formula. 

The  above  short  cuts  as  well  as  tensile  ratio  itself  are  satisfac¬ 
tory  indexes  of  rate  of  cure  only  within  a  set  of  stocks  milled  and 
cured  side  by  side,  such  as  the  stocks  in  Tables  I  and  II.  In  the 
comparison  of  stocks  not  milled  and  cured  together  a  reference 
control  is  customarily  run  at  the  same  time  as  each  stock.  The 


the  combined  sulfur  at  the  15-minute  cure  expressed 
as  per  cent  of  original  sulfur.  An  index  analogous 
to  tensile  ratio  but  utilizing  tensile  product  instead 
of  tensile  was  also  found  to  correlate  with  combined 
sulfur  almost  as  well  as  tensile  ratio  but  was  not  in¬ 
cluded  in  the  graph. 

Prediction  indexes  listed  on  the  figures  indicate  the 
best  correlation  for  tensile  ratio,  time  to  reach  85% 
of  maximum  tensile,  time  to  reach  maximum  tensile, 
and  time  to  reach  break  in  modulus.  The  highest 
value  for  the  prediction  index  is  obtained  with  tensile 
ratio. 

Since  rate  of  cure  increases  as  temperature  of  cure 
is  increased,  a  good  test  of  an  index  of  rate  of  cure  is 
the  behavior  of  the  index  at  different  cure  tempera¬ 
tures.  In  Figure  7,  tensile  ratio,  combined  sulfur  at 
the  15-minute  cure,  and  time  to  reach  maximum 
tensile  are  plotted  against  cure  temperature.  For 
these  tests  Continental  AA  in  the  GR-S  formula  given 
in  Table  II  was  used.  In  addition  to  the  stocks  cured 
at  various  temperatures,  four  duplicate  stocks  were 
cured  at  307°  F.  in  order  to  give  some  indication  of 
the  reproducibility  of  these  three  methods. 


Figure  7 
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tensile  ratio  of  the  individual  stocks  divided  by  the  tensile  ratio 
for  the  corresponding  control  should  then  be  taken  as  the  index  of 
rate  of  cure. 
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Determination  of  Alpha^ara-Dimethylstyrene 

In  the  Presence  of  Para-Methylstyrene,  Styrene,  and  Para-Cymene 

JOHN  H.  ELLIOTT  and  EVELYN  V.  COOK 
Hercules  Experiment  Station,  Hercules  Powder  Company,  Wilmington,  Del. 


a,p-Dimethylstyrene  can  be  determined  in  the  presence  of  p-methyl- 
styrene,  styrene,  and  p-cymene  by  two  independent  methods.  The 
chemical  method  depends  upon  addition  of  hydrogen  chloride  or 
bromide  to  the  styrenes  with  subsequent  estimation  of  the  tertiary 
halide  formed  by  a,p-dimethylstyrene.  The  other  method  involves 
an  analysis  of  the  ultraviolet  absorption  curve  of  such  mixtures. 
Results  obtained  by  these  independent  methods  are  in  good 
agreement. 

NEED  has  recently  arisen  for  a  method  for  the  determination 
of  a,p-dimethylstyrene  in  the  presence  of  p-methylstyrene, 
styrene,  and  p-cymene.  Since  no  satisfactory  procedures  were 
available  for  the  analysis  of  such  mixtures,  chemical  methods, 
ultraviolet  absorption,  and  polarographic  analysis  were  consid¬ 
ered. 

Preliminary  experiments  on  the  last,  using  the  technique  of 
Laitinen  and  Wawzonek  (1)  were  not  promising  and  this  approach 
was  not  studied  further. 

It  was  found  possible,  however,  to  analyze  such  mixtures  by  a 
chemical  method  and  also  by  means  of  ultraviolet  absorption. 
Both  procedures  were  readily  adaptable  to  control  use  and  have 
been  successfully  applied  to  the  analysis  of  a  large  number  of 
samples. 

In  order  to  test  these  methods  it  was  first  necessary  to  obtain 
pure  samples  of  the  various  styrenes  and  p-cymene.  The  a,p- 
dimethylstyrene  and  p-methylstyrene  were  synthesized  and  puri¬ 
fied  in  this  laboratory.  A  good  grade  of  commercial  styrene 
was  vacuum-distilled  several  times  before  use.  The  p-cymene 
was  distilled  through  a  40-plate  column  packed  with  0.23-cm. 
(Vs2-inch)  stainless  steel  helices  at  100-mm.  pressure  and  a  reflux 
ratio  of  approximately  60/1,  a  middle  cut  being  collected  and  used 
in  this  work. 

The  constants  of  these  compounds  are  given  in  Table  I.  The 
bromine  numbers  were  run  by  a  modification  of  the  method  of 
Uhrig  and  Levin  (9). 

The  refractive  index  results  are  in  good  agreement  with  the 
International  Critical  Tables  values,  the  temperature  being  con¬ 
sidered.  The  samples  of  the  various  styrenes  were  always 
freshly  vacuum-distilled  before  being  used. 


CHEMICAL  METHOD 

The  chemical  method  of  analysis  depends  upon  the  following 


reaction.  If  the  addition  of  HX  to 

a,p-dimethylstyrene  and  p- 

methylstyrene  follows  Markownikoff’s  rule,  where  X  is  either  Br 
or  Cl,  the  following  compounds  will  be  formed: 

X 

X 

'  CHa— i— CHa 

h— i— ch3 

A 

V 

V 

ch3 

1 

CHa 

(1) 

(2) 

The  halogen  in  (1),  formed  from  <*,p-dimethylstyrene,  is  at¬ 
tached  to  a  tertiary  carbon  atom,  while  that  in  (2),  formed  from 
p-methylstyrene,  is  attached  to  a  secondary  carbon  atom.  The 
tertiary  halogen  in  (1)  is  much  more  readily  hydrolyzed  than  the 
secondary  in  (2),  and  this  fact  offers  a  means  of  analytically  de¬ 
termining  a,p-dimethylstyrene  in  the  presence  of  p-methylstyrene 
and  styrene.  There  is  no  reaction  of  HX  with  p-cymene. 

It  has  been  reported  that  hydrogen  bromide  adds  rapidly  to 
styrene  ( 2 ,  10),  and  that  the  secondary  bromide  formed  by  nor- 


Table  I.  Constants  of  Materials  Used  in  Testing  Methods 


Bromine  No. 


Com¬ 

„19.  5 
"  D 

no 

Ob¬ 

pound 

Formula 

(I.C.T.) 

served 

Theory 

p-Cymene 

p-CHa .  CeHi .  CH- 
(CHa)a 

1.4913 

1.4947 
(15°  C.) 

<1 

0 

Styrene 

C6Hs.CH:CHa 

1.5467 

1.5467 
(20°  C.)a 

151 

154 

p-Methyl- 

styrene 

p-CH3.CeH4.CH:- 

CHi 

1.5421 

1.5447 
(16.4°  C.) 

137 

135 

a,p-Di- 

methyl- 

p-CHa.  C.H4.C- 
(CHa)  :CHa 

1.5356 

1 . 5344 
(18.7°  C.) 

117 

121 

styrene 

°  Value  of  Moore,  Burk,  and  Lankelma  (7). 
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Table  II.  Determination  of  a,p-Dimethylstyrene  in  Known  Mixtures 

(Using  method  involving  addition  of  HBr) 

Weight  of  a,p-Dimethyl- 
styrene 


Other  Materials  Present 

Present 

Gram 

Recovered 

Gram 

Recovery 

% 

None 

0.2731 

0.2545 

93.3 

None 

0.2131 

0.1977 

92.8 

0.2080  gram  p-methylstyrene 

0.2408 

0.2215 

91.9 

None 

0.2693 

0.2477 

92.0 

None 

0.2414 

0.2245 

94.0 

0.1  ml.  of  benzene,  0.2  ml.  of 

0.4147 

0.3942 

95.2 

styrene,  0.2  ml.  of  p-methyl¬ 
styrene,  0.5  ml.  of  p-cymene 

0.2613 

0.2522 

96.7 

25.6%  p-methylstyrene  and 

0.0854 

0.0796 

94.2 

48.8%  p-cymene 

0.1006 

0.0926 

92.0 

mal  addition  may  be  hydrolyzed  under  relatively  mild  condi¬ 
tions,  indicating  that  the  conditions  of  hydrolysis  of  the  tertiary 
halide  must  be  chosen  so  as  to  avoid  interference  from  the  second¬ 
ary  halides  present.  Based  on  these  facts,  the  following  meth¬ 
ods  have  been  developed,  involving  the  addition  of  HX,  removal 
of  excess,  followed  by  hydrolysis,  and  estimation  of  the  tertiary 
halide  formed  from  a,p-dimethylstyrene  under  conditions  where 
there  is  no  appreciable  hydrolysis  of  the  secondary  halide  formed 
from  p-methylstyrene  and  styrene. 

Hydrogen  Bromide  Method.  A  sample  weighing  approxi¬ 
mately  0.5  to  1.0  gram  is  accurately  weighed  out  into  a  125-ml. 
Erlenmeyer  flask  containing  25  ml.  of  carbon  tetrachloride. 
Gaseous  hydrogen  bromide,  generated  by  dropping  bromine  onto 
naphthalene  and  purified  by  passing  through  several  towers  of 
naphthalene  and  finally  one  containing  Drierite,  is  bubbled 
through  the  sample  for  30  minutes  at  a  rate  of  3  to  4  bubbles  per 
second.  At  the  end  of  this  time  the  addition  tube  is  washed 
down  with  10  ml.  of  carbon  tetrachloride  and  a  brisk  stream  of 
nitrogen  is  passed  through  the  solution  for  30  minutes  to  remove 
unreacted  hydrogen  bromide.  The  flask  is  then  removed  and 
chilled  in  an  ice-salt  bath  for  10  minutes.  Thirty  milliliters  of 
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Figure  1 .  Ultraviolet  Absorption  Curves 

For  a,  p-dimelhylstyrene,  p-methylstyrene,  styrene,  and  p-eymenc  In 
ethanol  solutions 


previously  chilled  90%  alcohol  are  then  added,  the  flask  is  swirled 
for  a  few  seconds,  two  drops  of  methyl  red  indicator  are  added, 
and  the  cold  solution  is  rapidly  titrated  with  standard  0. 1 N  alco¬ 
holic  potassium  hydroxide  to  a  bright  yellow  end  point  lasting 
for  10  seconds.  Table  II  gives  the  results  obtained  by  this  method 
on  known  samples. 

Hydrogen  Chloride  Method.  The  procedure  is  the  same  as 
that  used  in  the  hydrogen  bromide  method  with  the  following 
changes: 

Benzene  instead  of  carbon  tetrachloride  is  used  as  the  solvent. 

Forty  milliliters  of  80%  alcohol  are  used  to  effect  hydrolysis 
of  the  tertiaiy  halide. 

The  titration  is  performed  at  room  temperature  and  the  sample 
titrated  with  0.1N  alcoholic  potassium  hydroxide  to  a  30-second 
bright  yellow  end  point.  Hydrogen  chloride  was  generated  by 
dropping  concentrated  hydrochloric  acid  into  concentrated  sul¬ 
furic  acid.  The  evolved  gas  was  passed  through  a  tower  filled 
with  concentrated  sulfuric  acid  before  being  passed  into  the  solu¬ 
tion  being  analyzed. 

Table  III  gives  the  results  obtained  by  this  method  on  known 
samples.  The  end  points  are  considerably  sharper  than  those 
given  by  the  hydrogen  bromide  method. 


Table  III.  Determination  of  a,p-Dimethylstyrene  in  Known 

Mixtures 

(Using  method  involving  addition  of  HC1) 

Weight  of  a.p-Dimethyl- 
styrene 


Substances  Present 

Present 

Recovered 

Recovery 

Gram 

Gram 

% 

p-Cymene 

None 

None 

Styrene 

None 

None 

p-Methylstyrene 

None 

None 

a.p-Dimethylstyrene 

0.2936 

0.2740 

93 5 

0 . 4739 

0.4508 

95.3 

0.4116 

0.3903 

94.7 

0 . 3077 

0.2940 

95. 5“ 

0 . 5693 

0.5415 

95.3“ 

a,p-Dimethylstyrene  plus  0.5 

0.4015 

0.3855 

96.0 

ml.  each  of  p-cymene,  sty- 

0.4052 

0 . 3902 

96.2 

rene,  and  p-methylstyrene 

a  HC1  gas  added  for  1  hour  instead  of  30  minutes  as  in  all  other  cases. 


Table  IV.  Analyses  by  Hydrogen  Bromide  and  Hydrogen 
Chloride  Methods 


a,p-Dimethylstyrene 


Sample 

HBr  method 

HC1  method 

% 

% 

A 

19.6, 20.2 

19.8,20.6 

B 

29.2,29.5 

28.2,29.3 

C 

20.2, 19.9 

20.2, 19.8 

D 

20.5,20.4 

20.6,20.6 

E 

22.6,22.0 

22.6,23.3 

F 

10.6, 10.7 

9.5,  9.5 

G 

32.8,32.6 

32.2,32.0 

H 

32.9,32.6 

31.8,32.5 

DISCUSSION  OF  RESULTS 

An  examination  of  Tables  II  and  III  shows  that  somewhat  low 
recoveries  (about  95%)  of  a,p-dimethylstyrene  are  obtained  in 
every  case.  Therefore,  to  correct  for  this  a  factor  of  1.05  is  used 
in  calculating  the  results.  This  low  recovery  of  a,p-dimethyl- 
styrene  is  not  raised  by  a  longer  time  of  addition  of  the  hydrogen 
halide.  It  may  be  due  to  the  fact  that  a  small  fraction  of  the 
addition  takes  place  contrary  to  Markownikoff’s  rule.  A  con¬ 
sideration  of  the  results  obtained  by  use  of  these  methods  in  the 
analysis  of  over  fifty  samples  of  known  and  unknown  composition 
indicates  that  the  precision  of  the  methods  is  approximately  ±3% 
of  the  a,p-dimethylstyrene  present. 

Table  IV  shows  the  agreement  between  the  hydrogen  bromide 
and  hydrogen  chloride  methods  in  the  analysis  of  eight  different 
samples  of  unknown  composition. 

The  agreement  between  the  results  obtained  by  the  two  meth¬ 
ods  is  seen  to  be  good.  Since  the  hydrogen  chloride  method  is 
somewhat  easier  to  use  and  the  end  point  is  sharper,  it  is  recom¬ 
mended  for  use. 
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ULTRAVIOLET  ABSORPTION  METHOD 

The  spectrophotometric  method  has  been  successfully  applied 
to  the  quantitative  determination  of  compounds  having  charac¬ 
teristic  absorption  bands  in  the  ultraviolet  region  of  the  spec¬ 
trum.  Good  examples  of  this  method  used  in  calculating  two, 
three,  and  four  constituents  of  a  mixture  have  been  reported  in 
the  literature  (3-6). 

In  mixtures  of  pure  styrene,  a,p-dimethylstyrene,  p-methyl- 
styrene,  and  p-cymene  it  was  found  possible  to  determine  the 
amount  of  each  styrene  present  within  2%  of  the  known  value. 

The  absorption  data  were  obtained  from  measurements  made 
with  a  Beckman  quartz  spectrophotometer.  The  solvent  was 
ethanol  in  all  cases.  The  formulas  used  in  making  the  calulations 
use  the  term  specific  a: 

i  h 
logic  y 

Specific  a  =  — — 

where  a  =  absorption  coefficient 

I0  =  intensity  of  radiation  transmitted  by  the  solvent 
I  =  intensity  of  radiation  transmitted  by  the  solution 
c  =  concentration  of  solute  in  grams  per  1000  ml. 

I  =  length  in  centimeters  of  solution  through  which  the 
radiation  passes 

The  samples  of  pure  a, p-di methylstyrene ,  p-methylstyrene, 
styrene,  and  p-cymene  used  to  obtain  the  specific  absorption 
coefficients  of  the  pure  compounds  were  the  same  as  those  used 
in  the  development  of  the  chemical  method  previously  described. 

The  values  at  different  wave  lengths  are  shown  in  Figure  1. 
The  curve  for  styrene  agrees  very  closely  with  previously  pub¬ 
lished  data  concerning  this  compound  (8). 


Figure  2.  Ultraviolet  Absorption  Curves 

For  a.  p-dimethylstyrene,  p-methylstyrene,  styrene  and  p-cymene  in  ethanol  solutions 
(enlarged  scale  of  spectral  region  275  to  300  mp) 

The  styrenes  have  a  strong  absorption  band  in  the  spectral 
region  248  to  252  mp  with  less  pronounced  but  yet  distinct  bands 
in  the  region  to  300  mp.  For  the  three  styrenes  the  bands  in  the 
region  248  to  252  mp  are  so  similar  that  no  attempt  was  made  to 
use  them  for  quantitative  determinations.  A  larger  scale  graph 
of  the  region  280  to  300  mp  (Figure  2),  shows  that  at  certain 


Table  V.  Per  Cent  Composition 

Calculated 

from 

Composition  of 

Ultraviolet 

Mixture  of  Pure 

Absorption 

Mixture 

Compounds 

Known 

Data 

Error 

% 

% 

% 

1 

a.p-Dimethylstyrene 

32 

30.8 

1.2 

P-Methylstyrene 

42 

42.4 

0.4 

Styrene 

26 

26.0 

0 

2 

a.p-Dimethylstyrene 

5 

6.0 

1.0 

p-Methylstyrene 

5 

5.3 

0.3 

Styrene 

90 

88.1 

1.9 

3 

a.p-Dimethylstyrene 

p-Methylstyrene 

5 

3.9 

1.1 

90 

90.3 

0.3 

Styrene 

5 

5.3 

0.3 

4 

a.p-Dimethylstyrene 

p-Methylstyrene 

25 

24.3 

0.7 

26 

26.3 

0.3 

Styrene 

25 

25.9 

0.9 

p-Cymene 

24 

.  .  . 

5 

a.p-Dimethylstyrene 

20 

21.9 

1.9 

p-Methylstyrene 

30 

29.4 

0.6 

Styrene 

35 

35.8 

0.8 

p-Cymene 

15 

Table  VI. 

Samples  of  Unknown  Composition 

a, 

,p-Dimethylstyrene 

Ultraviolet 

Chemical 

absorption 

Sample 

method 

method 

% 

% 

1 

23.0,22.9 

21.7, 22.3 

2 

20.0,20.2 

19.8, 20.3 

3 

32.5,32.3 

32.8,32.5 

4 

27.3,27.4 

27.8,27.5 

wave  lengths  there  are  sufficient  differences  in  a  of  the  pure  com¬ 
pounds  to  permit  quantitative  calculations.  It  is  also  evident 
that  p-cymene  has  its  absorption  values  below  280  mp  and  there¬ 
fore  does  not  appreciably  affect  absorption  values  above  280  mp, 
even  though  present  in  quantities  up  to  70  or  80%. 

Quantitative  determinations  on  three  unknowns  require  the 
selection  of  three  suitable  wave  lengths  in  order  to  set  up  three 
simultaneous  equations.  At  a  given  wave  length,  components 
a,  b,  and  c  present  in  a  solution  in  percentages  of  x,  y,  and  z,  re¬ 
spectively,  will  give  a  total  absorption  value  which  can  be  repre¬ 
sented  by  the  equation: 

(Qa)X  +  +  (ac)z  =  a  solution 

aa,  m,  ac  represent  the  specific  absorption  coefficients  for  each 
of  the  pure  compounds  at  that  particular  wave  length.  By  set¬ 
ting  up  three  equations  at  different  wave  lengths,  the  percent¬ 
ages  ( x ,  y,  and  z)  of  each  component  can  be  calculated. 

Since  simultaneous  equations  with  three  or  more  unknown: 
are  customarily  solved  by  the  method  of  determinants,  the  cri 
terion  for  the  selection  of  wave  lengths  is  that  the  determinant: 
in  the  expressions  for  the  unknown  concentrations  be  as  large  a: 
possible.  Likewise,  the  individual  values  of  a  should  be  largt 
enough  to  be  measured  with  accuracy  on  the  spectrophotometer 

In  known  mixtures  of  pure  compounds,  with  or  without  p 
cymene,  it  was  found  possible  to  calculate  the  per  cent  composi 
tion  by  using  the  absorption  data  at  wave  lengths  285,  291,  anc 
295  mm  (Table  Y).  Values  calculated  from  the  absorption  dati 
differ  from  known  values  by  less  than  2%.  The  presence  of  p 
cymene  did  not  interfere  with  the  calculations.  The  wavi 
lengths  283,  287,  and  291  mp  were  found  to  give  just  as  accurate 
values  as  the  previously  mentioned  wave  lengths.  It  is  there 
fore  possible  to  use  two  sets  of  wave  lengths  to  serve  as  checks  oi 
each  other. 

Four  samples  of  unknown  compositions  were  analyzed  fo 
a, p-dimethylstyrene  by  both  the  chemical  and  ultraviolet  ab 
sorption  methods  (Table  VI). 

The  agreement  between  these  independent  methods  is  seen  t< 
be  good. 


January  15,  1944 


ANALYTICAL  EDITION 


23 


ACKNOWLEDGMENTS 

The  authors  wish  to  express  their  thanks  for  the  assistance  in 
running  analyses  given  by  Jordan  P.  Snyder  and  Miss  Mary 
Thomas  Montgomery. 

LITERATURE  CITED 

(1)  Laitinen,  H.  A.,  and  Wawzonek,  S.,  J.  Am.  Chem.  Soc.,  64,  1765 

(1942). 

(2)  Mayo,  F.  R.,  and  Walling,  C.,  Chem.  Red.,  27,  351  (1940). 

(3)  Miller,  E.  S.,  J.  Am.  Chem.  Soc.,  57,  347  (1935). 

(4)  Miller,  E.  S.,  Plant  Physiol.,  12,  667  (1937). 


(5)  Miller,  E.  S.,  Mackinney,  G.,  and  Zscheile,  F.  P.,  Ibid.,  10,  375 

(1935). 

(6)  Mitchell,  J.  H„  Kraybill,  H.  R„  and  Zscheile,  F.  P.,  Ind.  Eng. 

Chem.,  Anal.  Ed.,  15,  1  (1943). 

(7)  Moore,  Burk,  and  Lankelma,  J.  Am.  Chem.  Soc.,  63,  2954  (1941). 

(8)  Pestemer,  M.,  and  Wiligut,  L.,  Monatsh.,  66,  119  (1935). 

(9)  Uhrig,  K.,  and  Levin,  H.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  13, 

90  (1941). 

(10)  Walling,  C.,  Kharasch,  M.  S.,  and  Mayo,  F.  R.,  J.  Am.  Chem. 
Soc.,  61,  2693  (1939). 

Presented  before  the  Division  of  Analytical  and  Micro  Chemistry  at  the 
106th  Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Penna. 


Determination  of  Soluble  Pectin  and  Pectic  Acid  by 

Electrodeposition 

KENNETH  T.  WILLIAMS  AND  CLARENCE  M.  JOHNSON 
Western  Regional  Research  Laboratory,  Albany,  Calif. 


In  a  new  approach  to  the  determination  of  pectin,  solutions 
of  pectin  or  pectates  are  deashed  by  the  use  of  ion-exchange 
resins.  The  pectin  or  pectic  acid  is  electrolytically  de¬ 
posited  at  a  platinum  anode  in  a  weighable  form.  The 
method  requires  less  of  the  analyst's  time  and  attention 
than  does  the  calcium  pectate  method  and,  with  partially 
purified  solutions,  gives  results  of  the  same  order  of  accuracy. 

The  method  is  especially  applicable  to  amounts  of  pectin 
ranging  between  5  and  50  mg. 

INVESTIGATIONS  designed  to  develop  new  and  extended  uses 
for  pectin  have  made  desirable  an  analytical  method  capable 
if  determining  small  amounts  of  pectin.  Approximate  estima¬ 
tions  of  pectin  can  be  made  by  precipitation  with  70  to  80  per 
lent  alcohol  or  50  per  cent  acetone  (I,  S,  8,  9).  Alcohol  and 
icetone  of  these  strengths  precipitate  gums,  some  proteins,  and 
lalcium  and  potassium  salts  of  some  of  the  organic  acids  as  well 
is  pectin.  However,  when  dilute  solutions  are  used  the  results 
ire  likely  to  be  low  because  of  incomplete  precipitation  of  the 
pectin  and  difficulties  in  handling  small  amounts  of  the  precipi¬ 
tate.  The  alcohol  precipitate  is  difficult  to  filter  and  wash 
thoroughly.  This  filtration  may  be  improved  by  precipitation 
with  acidified  alcohol,  but  after  several  washings  enough  acid 
may  remain  with  the  pectin  to  cause  charring 
when  the  precipitate  is  dried.  Fifty  per  cent 
icetone  yields  a  precipitate  which  is  more  easily 
filtered  and  washed  but  affords  little  improve¬ 
ment  in  accuracy. 

The  pectic  acid  method  (I)  is  long  and  sub¬ 
ject  to  error  due  to  the  solubility  of  the  pectic 
acid.  The  calcium  pectate  method  of  Emmet 
and  Carr<5  (4),  although  tedious  and  time- 
:onsuming,  is  probably  the  most  reliable  of  the 
methods  in  use  at  the  present  time,  but  is  not 
readily  adaptable  to  very  small  amounts  of 
pectin  because  of  the  large  number  of  manipu¬ 
lations  required.  It  has  been  used  throughout 
this  investigation  for  the  analysis  of  stock  solu¬ 
tions  for  comparisons  with  the  proposed  method. 

The  proposed  method  is  the  result  of  an  at¬ 
tempt  to  devise  an  accurate  method  which  re¬ 
quires  less  of  the  analyst’s  time  and  attention 
and  can  be  used  to  determine  smaller  amounts  of 
pectin  than  the  method  of  Emmet  and  Carre. 


Since  the  soluble  pectinous  materials  are  negatively  charged 
colloids,  it  was  decided  to  investigate  the  possibility  of  collecting 
the  pectin  on  the  anode  of  a  suitably  arranged  electrolysis  system. 
Brown  ( 2 )  unsuccessfully  attempted  to  precipitate  pectin 
electrolytically  from  aqueous  solutions  containing  large  amounts 
of  electrolytes.  Griggs  and  Johnstin  (5)  observed  flocculation 
of  pectin  at  the  anode  on  electrolysis  with  110- volt  direct  cur¬ 
rent.  The  authors  have  found  that  pectin  can  be  quantitatively 
determined  by  electrodeposition,  provided  the  electrolyte  con¬ 
centration  of  the  solution  is  low.  Ion-exchange  resins  can  be 
used  when  it  is  necessary  to  remove  the  electrolytes  before  electro¬ 
deposition. 

APPARATUS 

A  conventional  electrolysis  apparatus  supplied  with  220-volt 
direct  current  from  a  rectifier-transformer  unit  was  used.  A 
mercury  cathode  cell  was  constructed  from  a  250-ml.  Griffin-type 
beaker,  into  the  side  of  which  was  fused  a  platinum  wire  (Figure 
1).  A  mercury-filled  side  arm  was  added  to  provide  flexibility 
in  the  connection  to  the  negative  binding  post.  Clean  mercury 
completely  covering  the  platinum  wire  in  the  vessel  served  as 
the  cathode.  The  anode  was  a  disk  of  45-mesh  platinum  gauze 
6.25  cm.  (2.5  inches)  in  diameter,  edged  with  0.075-cm.  (0.03-inch) 
platinum  wire  to  give  rigidity  and  supported  by  a  15-cm. 
(6-inch)  piece  of  0.127-cm.  (0.05-inch)  platinum  wire  at¬ 
tached  to  the  center  (Figure  1).  Similar  electrodes  are  avail- 


Figure  1.  Electrolysis  Vessel,  Anode  and  Anodes  in  Holder 
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Table  I.  Electrodeposition  of  Pectin  from  Solutions  Containing 
Various  Percentages  of  Alcohol 


(25-ml.  aliquots  of  stock  solution.  Time,  5  hours) 


Alcohol 

Content 

Weights  of  Deposits 

Remarks 

%  by  volume 

30 

Mg. 

17.2 

Mg. 

18.9 

Mg. 

20.6 

Mg. 

Solutions  became  hot. 

One  of  4 

40 

21.8 

22.1 

22.2 

21.9 

deposits  did  not 
anode 

Compact  deposits 

adhere  to 

50 

7.6 

7.9 

8.5 

5.7 

Deposits  not  compact 

60 

7.1 

7.6 

9.2 

9.8 

Bulky  deposits 

Table  II.  Time  Required  for  Electrodeposition  of  Pectin  from 
40  Per  Cent  Alcohol  Solutions 


(25-ml.  aliquots  of  stock  solution) 


Time 

Hr. 

Mg. 

Weights 

Mg. 

of  Deposits 
Mg. 

Mg. 

Average 

Remarks 

2 

19.9 

20.4 

19.4 

19.0 

19.7 

Precision  poor 

3 

18.9 

20.5 

19.6 

20.3 

19.8 

Precision  poor 

4 

20.8 

20.3 

20. 1 

20.1 

20.3 

Precision  fair 

5 

21.8 

22.1 

22.2 

21.9 

22.0 

Precision  good 

6 

21.9 

21.7 

22.2 

22.1 

22.0 

Precision  good 

able  from  platinum  manufacturers.  This  electrode  system  has 
proved  to  be  much  more  satisfactory  than  one  using  either 
cylindrical  or  spiral  electrodes,  since  the  mercury  cathode-disk 
anode  system  makes  it  possible  to  have  all  the  solution  under 
the  influence  of  the  field  without  stirring. 

Ion-exchange  resin  columns  were  prepared  from  24  X  190  mm. 
glass  tubing  constricted  to  a  6-mm.  outlet  (Figure  2).  Ten 
grams  drained  weight  of  ion-exchange  resin,  supported  on  a  glass 
wool  mat,  was  used  in  each  tube.  The  cation-exchange  column 
was  mounted  so  that  the  effluent  dripped  directly  into  the  acid¬ 
absorbing  bed. 

ELECTRODEPOSITION  OF  PECTIN  FROM  LOW-ASH  SOLUTIONS 

The  following  procedure  was  found  to  give  a  firm  deposit  that 
adhered  very  well  to  the  anode: 

An  aliquot  of  the  aqueous  solution  containing  approximately 
5  to  50  mg.  of  pectin  was  placed  in  the  electrolysis  vessel  and 
diluted  to  58  ml.  with  distilled  water,  and  42  ml.  of  95  per  cent 
ethyl  alcohol  were  added  with  stirring.  To  obtain  quantitative 
deposition  in  the  shortest  time,  the  alcohol  concentration  must 
be  close  to  40  per  cent  by  volume,  as  indicated  in  Table  I.  Pre¬ 
cipitation  of  the  pectin  at  this  point  indicates  that  the  electrolyte 
content  is  too  high  and  that  the  solution  must  be  deashed. 
During  the  electrolysis  the  vessel  was  immersed  in  a  water-ice 
bath  to  prevent  an  undue  rise  in  the  temperature  of  the  solution. 
The  anode  was  lowered  into  the  solution  so  that  the  gauze  was 
barely  covered  and  220-volt  direct  current  was  applied.  The 
current  varied  between  5  and  20  milliamperes,  depending  on  the 
electrolyte  content  and  the  temperature  of  the  solution.  No 
stirring  of  any  kind  was  employed  during  the  run.  Occasionally 
it  was  necessary  to  adjust  the  anode  level  if  the  solution  had 
expanded  or  contracted  as  a  result  of  changes  in  temperature. 
At  the  end  of  5  hours  the  anode  was  withdrawn  from  the  vessel 
and  immersed  in  99  per  cent  ethyl  alcohol  for  3  minutes  and  then 
in  anhydrous  ether  for  3  minutes. 

A  very  compact  deposit  was  obtained,  which  was  further  de¬ 
hydrated  by  the  alcohol-ether  treatment  to  a  very  thin  uniform 
film.  This  alcohol-ether  treatment  permitted  complete  drying 
in  one  hour  at  105 0  C.  The  electrodes  were  cleaned  by  immersion 
in  boiling  water  for  a  few  minutes,  followed  by  rinsing  in  distilled 
water.  If  the  deposit  was  pectic  acid,  the  addition  of  a  little 
dilute  alkali  aided  in  the  solubilization.  Removal  of  the  deposit 
by  ignition  in  a  flame  was  avoided  because  of  the  possible  danger 
of  changing  the  electrode  surface. 

Table  II  shows  the  relation  between  the  time  of  deposition  and 
the  weight  of  the  deposit. 

REMOVAL  OF  ELECTROLYTES  FROM  HIGH-ASH  SOLUTIONS 

Pectin  deposition  from  extracts  of  fruit  was  unsuccessful 
because  the  current  was  transferred  by  the  electrolytes  present. 
The  solution  heated  up  and  gas  was  evolved  from  both  electrodes. 
No  deposit  was  obtained. 
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A  system  of  commercial 
ion-exchange  resins  has  been 
used  to  remove  electrolytes 
from  pectin  solutions  in 
this  laboratory.  (The  use 
of  exchange  materials  for 
the  removal  of  ash  constitu¬ 
ents  from  pectin  solutions 
was  first  investigated  in  this 
laboratory  by  W.  D.  Maclay 
and  co-workers  who  are  in¬ 
vestigating  the  efficiencies 
of  various  commercial  prod¬ 
ucts  for  this  purpose.)  The 
IR  100  resin  removes  the 
cations  by  exchange  with 
hydrogen  ion,  while  the  IR 
4  resin  removes  the  acids 
which  would  interfere,  by 
conductance,  with  the  elec¬ 
trodeposition  of  pectin.  No 
pectin  was  lost  during  this 
process  when  the  conditions 
described  below  were  fol¬ 
lowed.  The  capacity  and 
regeneration  of  these  resins 
are  described  by  the  manu¬ 
facturer  (7). 

Solutions  containing  0.4 
to  1.0  mg.  of  pectin  per  ml. 
were  deashed  in  the  follow¬ 
ing  manner:  The  columns 
were  rinsed  with  two  10-  to 
15-ml.  portions  of  the  solu¬ 
tion,  with  thorough  drain¬ 
age  between  rinses.  The 
rinsings  were  discarded  anc 
the  main  portion  of  the 
solution  was  deashed  by 
percolation  through  the  columns  at  the  rate  of  approximately  3  ml. 
per  minute. 

The  pectin  concentration  of  the  solution  was  unchanged  by 
this  treatment  (Table  III).  The  pectin  solutions  treated  in  this 
manner  were  low  in  ash,  ranging  from  0.5  to  4  mg.  per  100  ml., 
and  successful  electrodepositions  could  be  made  from  such 
solutions.  The  resin  system  has  been  used  successfully  on  neu¬ 
tral,  acid,  and  alkaline  aqueous  extracts  of  pectin. 


Table  III.  Pectin  Content  of  Solutions  before  and  after  lon-Exchangc 

Treatment 


Source  of  Pectin 

Before” 
Mg./ ml. 

After” 
Mg. /ml. 

Extract  of  whole  grapefruit 

1.03 

1.03 

Extract  of  whole  orange 

0.64 

0.64 

Extract  of  whole  apple 

0.41 

0.40 

High-ash  commercial  pectin 

0.35 

0.35 

a  Average  of  three  analyses  by  method  of  Emmet  and  Carr5  (4). 


Table  IV.  Electrodeposition  of  Pectin  from  Acid  Extracts  of  Whole 
Fruit  after  Removal  of  Electrolytes0 


Extract 
of  Whole 

Aliquot  of 
Original 
Solution 
Ml. 

Mg. 

—Pectin  Deposited— 
Mg.  Mg. 

Mg. 

Averagt 
Mg./ ml 

Grapefruit 

2.5 

14.2 

14.1 

14. 1 

5.65 

5.0 

28.4 

28.1 

28.2 

28.0 

5.64 

10.0 

57.8 

57.1 

58.3 

57.7 

5.77 

Orange 

5.0 

13.8 

14.4 

13.7 

13.8 

2.78 

10.0 

29.0 

28.9 

28.7 

28.5 

2.88 

Apple 

5.0 

10.9 

11.1 

11.1 

11.1 

2.22 

10.0 

21.4 

21.4 

21.8 

22.0 

2. 17 

25.0 

55.2 

54.8 

56.7 

56.2 

2.23 

a  Averages  of  triplicate  analyses  by  method  of  Emmet  and  Carr£  (4 
yielded  5.16  mg.  of  pectin  per  ml.  of  grapefruit  extract,  2.57  mg.  per  ml.  o 
orange  extract,  and  1.99  mg.  per  ml.  of  apple  extract. 


Figure  2.  Deashing  System 

Upper,  cation  exchange  column; 
lower,  acid  adsorbing  column 
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Table  V.  Electrodeposition  of  Pectic  Acid  from  Extracts  of  Whole 
Apple  and  Grapefruit  after  Acetone  Purification,  Hydrolysis,  and 
Removal  of  Electrolytes3 


Extract 
of  Whole 


Apple 

Grapefruit 


Aliquot  of 


Original 


vugiuai 

Solution 

Pectin  Acid  Deposited 

Average 

Ml. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg.  /ml. 

10.0 

10.7 

10.6 

10.7 

10.7 

1.07 

20.0 

22.1 

22.1 

22.1 

1.10 

5.0 

10.6 

10.4 

10.7 

10.7 

2.12 

10.0 

21.1 

21.0 

21.5 

21.2 

2.12 

a  Averages  of  triplicate  analyses  by  method  of  Emmet  and  Carrg  (4) 
yielded  1.07  mg.  of  pectic  acid  per  ml.  of  apple  extract  and  2.13  mg.  of  pec¬ 
tic  acid  per  ml.  of  grapefruit  extract. 


ANALYSES  OF  EXTRACTS  .OF  GRAPEFRUIT,  ORANGES,  AND  APPLES 

The  flavedo  was  removed  from  oranges  and  grapefruit,  leaving 
most  of  the  albedo  intact.  The  apples  were  not  peeled.  The 
following  modification  of  the  extraction  procedure  of  Myers  and 
Baker  ( 6 )  was  used:  t 

The  fruit  was  cut  up  and  disintegrated  in  a  Waring  Blendor 
vith  the  addition  of  sufficient  water  and  hydrochloric  acid  to 
?ive  a  thin  slurry  of  pH  1.7  to  2.0.  The  slurry  was  then  heated 
n  a  water  bath  at  85°  C.  for  30  minutes  and  filtered  through 
inalytical  grade  Celite.  The  residual  pulp  was  extracted  and 
iltered  twice  more  in  the  same  manner.  The  clear  extracts  were 
jombined  and  diluted,  if  necessary,  to  a  pectin  content  of  ap- 
oroximately  1  mg.  per  ml.  Aliquots  of  100  ml.  were  taken  for 
malysis  by  the  calcium  pectate  method  of  Emmet  and  Carr6. 
Electrolytes  were  removed  from  other  portions  of  the  solution 


by  ion  exchange  and  the  pectin  was  determined  by  electro¬ 
deposition  and  by  the  calcium  pectate  method  (Table  IV). 

Analyses  by  the  proposed  method  gave  results  from  9  to  13 
per  cent  higher  than  those  obtained  by  the  method  of  Emmet 
and  Carre. 

None  of  the  extracts  used  in  this  study  contained  starch  or 
dextrins,  as  indicated  by  the  absence  of  any  color  formation 
with  iodine  solution.  It  is  probable  that  such  interference 
could  be  obviated,  when  necessary,  by  amylolytic  treatment 
prior  to  deashing. 

Electrodepositions  of  pectic  acid  were  also  made  from  deashed 
aliquots  of  fruit  extracts  which  had  been  subjected  to  the  same 
preliminary  acetone  purification  and  hydrolysis  as  used  for 
calcium  pectate  determination.  These  results  were  in  good 
agreement  with  those  obtained  by  the  method  of  Emmet  and 
Carr£  (Table  V). 
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Analysis  of  Petroleum  Oil-Soluble  Sodium  Sulfonates 

by  Adsorption 

JOHN  M.  KOCH 

The  Atlantic  Refining  Co.,  Philadelphia,  Penna. 


An  adsorption  method  for  separating  and  estimating  the 
components  of  oil-soap  mixtures  has  been  developed, 
which  compares  favorably  with  aqueous  alcoholic  extrac¬ 
tion  analyses  in  accuracy  and  precision.  It  is  rapid  and 
convenient  and  entirely  free  from  emulsion  difficulties. 

IN  THE  manufacture  of  medicinal  white  oil  by  the  treatment 
of  petroleum  stocks  with  fuming  sulfuric  acid,  sulfonic  acids 
ire  formed,  some  of  which  remain  dissolved  in  the  oil  layer  after 
t  is  separated  from  the  sulfuric  acid  sludge.  Upon  neutralizing 
-he  “acid  oil”  layer  with  alkali,  oil-soluble  sodium  sulfonates  are 
iroduced.  These  “mahogany  soaps”  are  extracted  with  aqueous 
dcohol  and  are  further  refined  to  produce  commercially  impor¬ 
tant  emulsifiers. 

Products  of  this  type  are  marketed  principally  as  a  blend  con¬ 
sisting  of  approximately  equal  amounts  of  oil  and  soap,  contam- 
nated  with  small  amounts  of  inorganic  matter.  To  control  the 
•atio  of  oil  to  soap  in  these  mixtures,  it  is  necessary  to  estimate  at 
east  one  of  these  components.  This  may  be  done  by  separating 
-he  sulfonates  from  the  hydrocarbons  by  means  of  some  physical 
process  Distillation  is  not  suitable  because  of  the  relatively  high 
soiling  points  of  the  hydrocarbons,  coupled  with  the  unstable 
I  character  of  the  sulfonates  at  temperatures  in  the  neighborhood 
)f  130°  C.  Since  neither  of  the  components  crystallizes  readily 
rom  their  mixtures  or  from  solutions  of  their  blends,  crystalliza¬ 
tion  cannot  be  used  to  separate  them. 

Because  of  the  greater  solubility  of  the  soaps  in  a  water-alcohol 
-nixed  solvent,  unsaponifiable  matter  or  oil  is  usually  extracted 


selectively  with  petroleum  ether,  from  soap  dissolved  in  50  per 
cent  aqueous  alcohol  solution.  Most  of  the  oil  dissolves  in  the 
petroleum  ether  and  the  aqueous  alcohol  retains  in  solution  the 
major  portion  of  the  soap.  By  a  systematic  process  of  multiple 
extractions,  soap  and  oil  mixtures  can  be  separated  completely 
if  the  proper  conditions  are  chosen.  Archibald  and  Baldesch- 
wieler  (2)  have  described  a  method  of  analyzing  petroleum  sul¬ 
fonates  by  this  type  of  extraction.  Since  some  of  the  separations 
were  found  to  be  incomplete,  after  employing  the  standardized 
procedure,  the  authors  have  described  a  method  of  correcting  the 
oil  fraction  for  the  soap  contained  in  it. 

The  large  number  of  extractions  and  manipulations  ordinarily 
required  by  this  method  are  time-consuming,  and  severe  emul¬ 
sion  difficulties  are  encountered  with  some  types  of  samples. 

Selective  adsorption  can  be  used  to  separate  mixtures  composed 
of  materials  having  widely  different  adsorption  characteristics, 
just  as  selective  solvent  action  is  used  to  separate  materials  of 
different  solubilities.  The  adsorption  process  is  often  advanta¬ 
geous  because  of  its  convenience,  speed,  and  freedom  from  emulsion 
troubles.  An  adsorbent  must  be  found  which  will  adsorb  sodium 
sulfonates,  since  oil  is  not  easily  adsorbed,  and  the  proper  solvent 
and  displacing  agent  must  be  chosen.  Simple  adsorption,  like 
simple  extraction,  is  usually  inadequate  for  sharp  separation  of 
two  components.  Fractionation  of  some  kind  must  be  employed 
to  the  best  advantage  to  achieve  quantitative  results. 

This  paper  presents  a  new  adsorption  method  which  has  the 
advantages  of  speed,  convenience,  and  freedom  from  emulsion 
troubles,  and  which  has  been  found  to  be  especially  useful  in  this 
laboratory  for  plant  control  work. 
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PRELIMINARY  EXPERIMENTS 

Percolation  experiments  showed  that 
sodium  sulfonates  could  be  selectively  ad¬ 
sorbed  from  naphtha  solution,  and  that 
they  could,  in  turn,  be  completely  displaced 
from  the  adsorbent  by  methanol. 

APPARATUS  AND  MATERIALS 

The  percolation  apparatus,  shown  in 
Figure  1,  consisted  of  a  250-ml.  separatory 
funnel,  A,  a  250-ml.  extraction  flask,  B, 
and  a  percolation  tube,  C.  This  tube  had 
a  1.5-cm.  inside  diameter  and  was  40  cm. 
long.  A  delivery  tube  5  cm.  long  and  3 
mm.  in  inside  diameter  was  sealed  to  the 
bottom  of  the  percolator.  Into  it  a  glass 
wool  plug  was  packed  for  the  purpose  of 
supporting  the  adsorbent.  Just  before 
starting  the  percolation,  fresh  Attapulgus 
clay  was  packed  into  the  percolator  by 
tamping  successive  5-cm.  sections  of  clay 
tightly  in  place  with  a  rod.  The  clay  was 
30-  to  60-mesh  size  and  had  been  calcined 
at  482°  C.  (900°  F.).  (Silica  gel  of  28-  to 
200-mesh,  from  the  Davison  Chemical 
Corporation,  and  Fisher  adsorption  alumina 
for  chromatographic  analyses,  were  tried  as 
sodium  sulfonate  adsorbents,  but  were  found 
to  be  less  efficient  than  Attapulgus  clay. 

The  clay  was  supplied  by  the  Attapulgus 
Clay  Co.,  260  South  Broad  St.,  Philadelphia, 

Penna.  Approximately  35  grams  were  used 
for  an  analysis.) 

The  volatility  of  the  petroleum  naphtha 
solvent  used  in  these  experiments  was  suffi¬ 
ciently  above  that  of  the  oil  in  the  sample, 
so  that  the  solvent  could  be  completely 
separated  from  the  oil  by  evaporation. 

Naphtha  of  30°  to  80°  C.  (86°  to  176°  F.) 
boiling  range,  distilled  from  a  paraffin- 
base  crude  oil,  and  A.S.T.M.  precipitation  naphtha  (1)  of  50° 
to  130°  C.  (122°  to  266°  F.)  boiling  range,  were  found  to  be 
satisfactory. 

PROCEDURE 

Approximately  2.0  grams  of  sample  are  accurately  weighed 
into  extraction  flask  B ,  and  dissolved  in  25  ml.  of  petroleum 
naphtha.  The  solution  is  transferred  to  separatory  funnel  A, 
which  is  then  stoppered.  The  stem  of  the  funnel  is  placed  inside 
the  open  end  of  percolator  C,  so  that  it  just  touches  the  clay,  as 
shown  in  Figure  1.  Upon  opening  the  stopcock  the  solution  will 
percolate  down  through  the  clay,  and  the  stoppered  separatory 
funnel  will  act  as  an  automatic  feeding  device.  The  percolate 
issuing  from  the  bottom  of  the  clay  column  is  caught  in  the  tared 
extraction  flask. 

As  soon  as  the  last  drop  of  solution  has  entered  the  percolator, 
the  stem  and  inside  of  the  funnel  are  washed  with  petroleum 
naphtha.  These  washings  are  charged  to  the  percolator.  The 
top  of  the  percolator  is  also  washed  clean  of  any  remnants  of 
sample.  Then  100  ml.  of  naphtha  are  charged  to  the  separatory 
funnel  and  percolated  through  the  clay  using  the  same  auto¬ 
matic  feeding  arrangement  described  for  the  solution. 

If  the  total  naphtha  percolate  is  clear,  it  is  set  aside  for  evapora¬ 
tion.  If  it  is  cloudy,  indicating  the  presence  of  unadsorbed  soap 
or  salts,  the  combined  percolate  is  run  through  a  second  percola¬ 
tor  packed  with  fresh  clay.  A  100-ml.  naphtha  wash  is  used 
as  before.  The  combined  naphtha  percolate  in  the  tared  extrac¬ 
tion  flask  is  very  carefully  evaporated  on  a  steam  bath.  Oil  is 
prevented  from  creeping  to  the  outside  wall  of  the  flask  by  blow¬ 
ing  a  gentle  stream  of  air  into  the  flask  during  the  evaporation. 

While  this  operation  is  taking  place,  100  ml.  of  absolute  methvl 
alcohol  are  percolated  through  each  of  the  clay  columns  used  to 
adsorb  the  soaps.  The  resulting  percolates  are  collected  in  a 
tared  extraction  flask,  and  the  solvent  is  evaporated  from  the 
soaps  in  the  same  manner  as  was  described  for  the  naphtha. 

\\  hen  practically  all  of  the  naphtha  has  been  evaporated  from 
the  oil  fraction  on  the  steam  bath,  the  extraction  flask  is  placed  in 
an  oven  and  kept  at  100°  to  105°  C.  for  15  minutes,  then  cooled 
and  weighed.  This  process  of  heating  in  the  oven  for  15-minute 
periods,  followed  by  weighing,  is  repeated  until  the  loss  in  weight 


Figure  1.  Per¬ 
colation  Appa¬ 
ratus 


is  less  than  0.01  gram.  Usually,  15  to  30  minutes  of  heating  are 
sufficient. 

Similar  treatment  is  applied  to  the  soap  fraction  dissolved  in 
methyl  alcohol,  except  that  an  oven  kept  at  120°  to  130°  C.  is 
used  to  save  time.  The  weights  of  oil  and  soap  are  reported  as 
per  cent  of  sample  taken. 

TEST  OF  THE  METHOD 

Two  tests  were  applied  to  this  method.  For  the  first  test,  40 
grams  of  a  refined  petroleum  sulfonate  (sample  A,  Table  II)  were 
separated  into  an  oil  and  a  soap  fraction  by  the  method  of  Archi¬ 
bald  and  Baldeschwieler  (,?).  Settling  times  of  from  8  to  16 
hours  were  permitted  for  emulsions  of  naphtha  and  aqueous  iso¬ 
propyl  alcohol  to  separate  sharply  into  two  layers.  The  oil  frac¬ 
tion,  however,  had  an  ash  content  of  0.14  per  cent;  so  it  was 
filtered  through  Attapulgus  clay  to  produce  a  colorless  oil  which 
contained  no  ash,  and  was,  therefore,  free  of  soap.  A  series  of 
mixtures  of  this  oil  and  the  soap  fraction  was  prepared,  and  then 
analyzed  by  the  adsorption  procedure.  Table  I  contains  these 
analyses  and  the  corresponding  known  blend  values.  Sample  5 
consisted  of  the  extracted  sulfonates  themselves,  without  the  addi¬ 
tion  of  any  oil. 

In  the  second  test,  a  similar  series  of  known  mixtures  was  pre¬ 
pared  by  blending  oil  and  soap  fractions  which  had  been  sepa¬ 
rated  from  a  group  of  samples  by  the  adsorption  method.  The 
adsorption  analyses  of  these  known  mixtures  are  also  presented 
in  Table  I. 

These  data  indicate  that  the  adsorption  procedure  gives  ac¬ 
curate  analyses  of  oil-soap  mixtures  of  widely  varying  composi¬ 
tion.  As  shown  by  the  analysis  of  sample  5,  the  sodium  sulfo¬ 
nates  obtained  by  aqueous  isopropyl  alcohol  extraction  contained 
only  approximately  0.3  per  cent  of  oil.  The  oil  fractions  obtained 
in  these  adsorption  analyses  were  practically  colorless  and  free  of 
soap,  as  indicated  by  the  absence  of  ash  following  their  ignition. 


PRECISION  AND  COMPARISON  WITH  EXTRACTION  METHOD 

A  group  of  five  refined  soap  samples  was  analyzed  in  duplicate 
to  test  the  precision  of  the  adsorption  procedure  (Table  II). 
These  data,  together  with  the  results  shown  in  Table  I  indicate 
satisfactory  reproducibility  for  most  purposes. 


Table  1. 

Analyses  of  Known  Blends  of  White  Oil  and 
Sulfonates  by  the  Adsorption  Procedure 

Sodium 

Sample 

According  to  Blend 

Found  by  Analysis 

Deviation 

No. 

Soap 

Oil 

Soap 

Oil 

Soap 

Oil 

% 

% 

% 

% 

% 

% 

1 

19.6 

80.4 

20.0 

80.0 

+  0.4 

-0.4 

2 

37.6 

62.4 

38.0 

62.2 

+  0.4 

-0.2 

3 

58.7 

41.3 

59.2 

40.9 

+  0.5 

-0.4 

4 

82.5 

17.5 

82.5 

17.6 

0.0 

+0.1 

5 

100.0 

0.0 

100.0 

0.3 

0.0 

+  0.3 

6 

10.1 

89.9 

10.6 

89.7 

+0.5 

-0.2 

7 

19.6 

80.4 

19.8 

80.1 

+0.2 

-0.3 

8 

35.0 

65.0 

34.7 

65.0 

-0.3 

0.0 

9 

50.0 

50.0 

49.7 

49.9 

-0.3 

-0.1 

10 

65.0 

35.0 

64.2 

35.1 

-0.8 

+  0.1 

11 

78.7 

21.3 

78.2 

21.8 

-0.5 

+  0.5 

12 

89.4 

10.6 

88.7 

11.2 

-0.7 

+  0.6 

Samples  1  to  5  were  blended  from  components  prepared  by  aqueou 
isopropyl  alcohol  extraction.  Samples  6  to  12  were  blended  from  com 
ponents  prepared  by  Attapulgus  clay  adsorption. 


Table  II.  Duplicate  Adsorption  Analyses  of  Refined  Soaps 


Composition 

by  Analysis 

Deviation 

Sample 

Soap 

Oil 

Soap 

Oil 

% 

% 

% 

% 

A 

46.4 

53.5 

0.1 

0.3 

46 . 5 

53.8 

B 

50.6 

46.2 

1.0 

0.2 

49.6 

46.0 

C 

50.4 

47.0 

0.4 

0.3 

50.8 

47.3 

D 

51.2 

49.0 

0.1 

0.3 

51.3 

48.7 

49.0 

50.3 

0.8 

1.0 

49.8 

49.3 
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Table  III.  Comparison  of  Analyses  of  Refined  Soaps  by  the 
Adsorption  and  Extraction  Methods 


/ - ; - Composition  by  Analysis - 

Adsorption  Method  Extraction  Method  Deviation 


Sample 

Soap 

Oil 

Total 

Soap 

Oil 

Total 

Soap 

Oil 

% 

% 

% 

% 

% 

% 

% 

% 

F 

56.8 

42.7 

99.5 

56.6 

43.1 

99.7 

+  0.2 

-0.4 

G 

60.3 

39.1 

99.4 

59.8 

39.6 

99.4 

+0.5 

-0.5 

H 

55.7 

44.4 

100.1 

54.0 

44.8 

98.8 

+  1.7 

-0.4 

I 

56.6 

24.8 

81.4 

58.1 

23.4 

81.5 

-1.5 

+  1.4 

J 

67.4 

32.8 

100.2 

66.6 

33.4 

100.0 

+  0.8 

-0.6 

Table  IV.  Resin-Displacing  Power  of  a  Series  of  Trial  Eluants 


Trial  Eluant 


Acetone 
Ethyl  acetate 
Diethyl  ether 
Chloroform 
Ethylene  dichloride 
Nitromethane 
Carbon  tetrachloride 
Carbon  disulfide 


Weight  of  Material 
Displaced 
Grama 

1.490 

0.788 

0.786 

0.652 

0.612 

0.562 

0.136 

0.032 


Ratio  of  Material 
Displaced  to 
Resin  on  Clay 


1.9 

1.0 

1.0 

0.8 

0.8 

0.7 

0.2 

0.0 


prepared  clay  column  following  the  method  described  in  the  ad¬ 
sorption  procedure.  After  the  clay  was  washed  with  100  ml.  of 
petroleum  naphtha,  150  ml.  of  a  trial  resin  eluant  were  percolated 
through  the  column.  This  percolate  was  collected  separately, 
and  the  weight  of  material  displaced  was  determined  by  the 
method  described  for  soaps.  The  ratio  of  this  weight  to  0.781 
gram,  the  amount  of  resin  in  the  percolator  charge,  was  calcu¬ 
lated. 

Table  IV  contains  the  data  obtained  in  this  manner  for  a  series 
of  organic  liquids. 

Impure  solvents  were  percolated  through  an  excess  of  Attapul- 
gus  clay  to  remove  small  amounts  pf  water  and  other  easily 
adsorbed  impurities. 

Acetone  displaced  practically  all  of  the  resin  and  the  sulfonates. 
Ethyl  acetate  and  diethyl  ether  displaced  a  quantity  of  material 
practically  equal  to  the  weight  of  resin  adsorbed.  Since  the  dis¬ 
placed  material  contained  negligible  amounts  of  ash,  it  was  as¬ 
sumed  to  be  resinous  matter.  Ethyl  acetate  and  diethyl  ether 
were  chosen  as  being  the  best  resin  eluants  of  the  group  tested. 


MODIFIED  ADSORPTION  PROCEDURES 


Five  other  refined  soap  samples  were  analyzed  by  both  the  ex¬ 
traction  method  of  Archibald  and  Baldeschwieler  (2)  and  the  ad¬ 
sorption  procedure  and  the  results  are  compared  in  Table  III. 
Samples  F  and  G  were  from  the  same  manufacturer,  but  samples 
H,  I,  and  J  came  from  three  different  sources.  Sample  I  was 
found  to  contain  18.6  per  cent  of  material  which  was  volatile  at 
130°  C. 

The  agreement  between  the  two  methods  appears  to  be  satis¬ 
factory.  They  are  probably  capable  of  giving  equal  accuracy  and 
precision  on  samples  of  this  type. 

SOAPS  CONTAINING  RESINS 

Soaps  that  are  produced  in  the  course  of  medicinal  white  oil 
manufacture,  as  described  above,  have  been  found  to  be  practi¬ 
cally  free  of  resinous  (oxygenated  hydrocarbon)  components. 
There  are  some  products  on  the  market,  however,  which  do  con¬ 
tain  resinous  materials.  These  samples,  containing  resins  in 
addition  to  sodium  sulfonates  and  oil,  present  a  more  difficult 
analytical  problem  for  both  the  extraction  and  the  adsorption 
methods,  than  the  simpler  case  of  soap  and  oil  mixtures.  Whereas 
the  extraction  method  usually  gives  somewhat  high  results  for  oil 
on  these  samples,  the  adsorption  method  gives  high  results  for 
soap,  due  to  the  adsorption  of  resins  as  well  as  sodium  sulfonates 
on  the  clay. 

Since  there  is  a  difference  in  molecular  structure  and  polarity 
between  resin  and  sodium  sulfonate  molecules,  there  should  also 
be  an  appreciable  difference  in  their  adsorption  affinities.  If  all 
the  sulfonate  molecules  in  a  given  sample  are  more  strongly  ad¬ 
sorbed  by  clay  than  all  the  resin  molecules,  the  latter  can  be  se¬ 
lectively  displaced,  by  the  proper  eluant,  from  a  solid  on  which 
both  components  are  adsorbed.  By  a  series  of  trial  experiments, 
ethyl  acetate  was  found  to  be  a  good  resin  eluant.  Several  pub¬ 
lications  (3,  4,  5)  have  been  helpful  in  choosing  eluants. 

CHOOSING  THE  RESIN  ELUANT 

A  sample  of  soap,  prepared  by  treating  a  very  naphthenic  pe¬ 
troleum  stock  with  concentrated  sulfuric  acid,  followed  by  neu¬ 
tralization  with  sodium  hydroxide,  was  separated  into  its  chief 
components:  oil,  resins,  and  sulfonates.  This  was  done  by  ex¬ 
tracting  the  soap  from  the  oily  matter  (oil-resin  mixture)  by  the 
aqueous  isopropyl  alcohol  extraction  method  (2),  and  then  sepa¬ 
rating  the  resin  from  the  oil  by  percolating  a  petroleum  naphtha 
solution  of  these  components  through  a  column  of  Attapulgus 
clay.  The  oil-free  resin  was  recovered  from  the  clay  by  displac¬ 
ing  it  with  absolute  methyl  alcohol. 

A  known  test  mixture  consisting  of  34.5  per  cent  oil,  33.1  per 
cent  resin,  and  32.4  per  cent  soap  was  prepared  and  then  dis¬ 
solved  in  petroleum  naphtha,  and  25  ml.  of  this  solution,  contain¬ 
ing  2.359  grams  of  the  test  mixture,  were  percolated  through  a 


To  check  these  conclusions,  and  to  test  a  modified  adsorption 
procedure  for  soaps  of  this  type,  a  group  of  mixtures  contairiing 
known  amounts  of  oil,  resin,  and  sulfonates  was  analyzed.  The 
procedure  employed  was  the  same  as  the  one  previously  described, 
except  that  after  the  100-ml.  petroleum  naphtha  wash  was  per¬ 
colated  through  the  clay,  100  ml.  of  the  resin  eluant  were  perco¬ 
lated  in  the  same  manner.  The  methyl  alcohol  percolation  fol¬ 
lowed  that  of  the  resin  eluant.  The  results  of  these  analyses  are 
shown  in  Table  V. 


Table  V.  Analyses  of  Known  Blends  of  Oil,  Resin,  and  Sodium 
Sulfonates  by  a  Modified  Adsorption  Procedure 

Sample  Composition  of  Known  Composition  by  Analysis 


No. 

Oil 

Resin 

Soap 

Oil 

Resin 

Soap 

Resin  Eluant 

% 

% 

% 

% 

% 

% 

1 

34.6 

33.0 

32.4 

34.0 

26.4 

41.3 

Chloroform 

1 

34.6 

33.0 

32.4 

34.8 

■  32.0 

33.0 

Diethyl  ether 

1 

34.6 

33.0 

32.4 

34.2 

60.3 

8.8 

Acetone 

2 

55.0 

5.0 

40.0 

57.3 

5.7 

38.4 

Diethyl  ether 

3 

49.8 

15.5 

34.7 

50.5 

14.5 

34.5 

Ethyl  acetate 

4 

59.2 

10.9 

29.9 

60.5 

11.1 

29.5 

Diethyl  ether 

Table  VI.  Comparison  of  Analyses  of  Soaps  Containing  Resins  by 
the  Extraction  and  Adsorption  Methods 


Extraction  Method 
Oily 

Adsorption  Method 
Oily 

Deviation 

Oily 

Sample 

Soap  matter 

Total 

Soap  matter 

Total 

Soap 

matter 

% 

% 

% 

% 

% 

% 

% 

% 

1 

9.9 

89.7 

99.6 

9.8 

90.0 

99.8 

-0.1 

+  0.3 

2 

20.1 

80.3 

100.4 

19.9 

79.2 

99.1 

-0.2 

-1.1 

3 

30.5 

70.5 

101.0 

29.7 

69.7 

99.4 

-0.8 

-0.8 

4 

37.1 

63.4 

100.5 

36.8 

63.1 

99.9 

-0.3 

-0.3 

5 

42.9 

57.4 

100.3 

42.5 

57.9 

100.4 

-0.4 

+  0.5 

6 

49.8 

51.4 

101.2 

50.2 

49.8 

100.0 

+0.4 

-1.6 

Diethyl  ether  and  ethyl  acetate  were  again  found  to  be  the  best 
resin  eluants,  and  the  modified  adsorption  procedure  using  either 
of  these  liquids  gave  analyses  of  satisfactory  accuracy. 

In  the  analysis  of  petroleum  sulfonates  containing  resins,  it  is 
usually  sufficient  to  determine  the  sodium  sulfonate  content  and 
the  total  amount  of  oily  or  inactive  matter  in  the  sample.  The 
aqueous  isopropyl  alcohol  extraction  method  (2)  accomplishes 
this  on  samples  of  this  type,  but  it  is  time-consuming.  The  ad¬ 
sorption  method  can  also  be  applied  to  obtain  only  the  soap  and 
oily  matter  in  these  samples  by  simply  replacing  the  petroleum 
naphtha,  in  the  original  procedure,  with  a  suitable  resin  eluant. 
The  first  percolate  will  then  contain  both  the  oil  and  the  resins 
and  the  methyl  alcohol  percolate  will  again  contain  the  sulfo¬ 
nates. 

A  series  of  soaps  prepared  from  a  very  naphthenic  stock,  as 
described  above,  and  containing  varying  amounts  of  oil  and  resins, 
was  analyzed  by  the  isopropyl  alcohol  extraction  method  (2)  and 
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also  by  the  modified  adsorption  method.  Ethyl  acetate  was  used 
as  the  solvent  for  the  oily  matter,  and  methyl  alcohol  as  the  eluant 
for  the  sodium  sulfonates.  A  comparison  of  the  analyses  is  given 
in  Table  VI.  Both  methods  gave  essentially  the  same  analyses, 
but  the  adsorption  procedure  was  more  rapid  and  convenient. 

A  known  blend  containing  49.8  per  cent  oil,  15.5  per  cent  resin 
(65.3  per  cent  oily  matter),  and  34.7  per  cent  sulfonates  was  ana¬ 
lyzed  by  the  ethyl  acetate-methyl  alcohol  adsorption  procedure; 
66.2  per  cent  oily  matter  and  34.0  per  cent  soap  was  obtained. 

In  the  case  of  petroleum  sulfonates  which  are  not  known  to  be 
free  of  resins,  it  is  therefore  advisable  to  introduce  an  ethyl  ace¬ 
tate  percolation  at  the  end  of  the  petroleum  naphtha  wash,  and 
before  the  methyl  alcohol  percolation,  to  test  for  the  presence  of 
resins.  If  the  ethyl  acetate  displaces  material  which  leaves 
practically  no  ash  after  ignition,  the  presence  of  resins  is  indi¬ 
cated,  and  one  of  the  modified  adsorption  procedures  described 
above  should  be  adopted. 

DISCUSSION 

The  chief  advantages  of  the  adsorption  procedure  are  freedom 
from  emulsion  difficulties,  rapid  convenient  physical  operations, 
and  sharp  separations  of  oil  and  sodium  sulfonate  components. 

Experience  in  this  laboratory  has  demonstrated  that  a  given 
adsorption  procedure  may  fail  to  give  correct  analyses  on  differ¬ 
ent  types  of  samples.  The  procedure  used  will  depend  upon  the 
adsorption  characteristics  of  the  components  in  the  refined  oil- 
soluble  sodium  soap.  Unless  the  product  to  be  analyzed  is 
known  to  consist  entirely  of  oil  and  sodium  sulfonates,  as  is  nor¬ 
mally  the  case,  the  mahogany  soaps  which  are  extracted  by  aque¬ 


ous  alcohol  from  caustic  neutralized  acid  oil  in  the  manufacture  of 
medicinal  white  oil,  it  will  be  necessary  to  introduce  an  ethyl  ace¬ 
tate  percolation  as  a  test  for  the  presence  of  resins. 

The  adsorption  procedure  can  be  applied  to  crude  oil-soluble 
sodium  sulfonate  products  containing  appreciable  amounts  of 
water  and  inorganic  salts,  after  first  removing  these  components. 
This  removal  can  be  accomplished  very  conveniently  in  the  deter¬ 
mination  of  salt  and  water  by  the  usual  methods.  For  salt,  a 
precipitation-type  method  such  .as  A.S.T.M.  Method  D91-40 
{1)  may  be  used,  and  for  water  a  modified  Dean  and  Stark  method 
is  very  convenient. 

Adsorption  methods  should  find  applications  in  grease  and  as¬ 
phalt  analyses,  and  in  the  separation  of  mixtures  containing  or¬ 
ganic  salts  or  acids  and  hydrocarbons. 
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Quantitative  Determination  of  c/-Galactose  by  Selective 

Fermentation 

With  SP  ecial  Reference  to  Plant  Mucilages 

LOUIS  E.  WISE  and  JOHN  W.  APPLING 
The  Institute  of  Paper  Chemistry,  Appleton,  Wis. 


A  simple  method  has  been  developed  which  permits  the 
determination  of  small  amounts  of  d-galactose  in  the 
presence  of  mannose,  glucose,  fructose,  xylose,  arabinose, 
and  glucuronic  acid  with  an  accuracy  of  92  to  98  per  cent. 
It  depends  on  differential  fermentations  with  two  yeasts, 
Saccharomyces  c arlsbergensis  (N.R.R.L.  No.  379)  which 
ferments  galactose,  and  S.  bayanus  (N.R.R.L.  No.  966) 
which  leaves  galactose  unfermented.  The  yeasts  have  little 
action  on  xylose,  arabinose,  or  glucuronic  acid,  and  these 


RECENTLY,  interest  in  the  determination  of  galactose  has 
been  revived  because  of  the  newer  technological  applications 
of  certain  mannogalactan  mucilages.  The  estimation  of  d-galac- 
tose,  which  thus  assumes  a  new  importance,  has  always  presented 
difficulties,  especially  when  other  carbohydrates  were  present  in 
quantity.  The  van  der  Haar  modification  of  the  Kent-Tollens- 
Creydt  method  (4),  which  depends  on  the  oxidation  of  galactose 
to  mucic  acid,  is  not  quantitative.  Only  when  rigorous  precau¬ 
tions  are  taken,  and  when  relatively  large  amounts  of  galactose 
are  present,  does  the  procedure  give  fairly  accurate  results  {14)- 
Ever  since  the  earlier  investigations  of  Kluyver  (7),  the  quan¬ 
titative  estimation  of  d-galactose  by  fermentation  with  certain 
yeasts  has  interested  chemists  and  microbiologists.  Kluyver 


compounds  do  not  interfere  with  the  determination.  Reduc¬ 
ing  values  of  galactose,  mannose,  and  d-glucurone  were 
determined  using  the  Munson-Walker  method  of  analysis. 
The  fermentation  techniques  were  successfully  applied 
to  the  hydrolysis  products  of  lactose  and  to  certain  plant 
mucilages.  The  possible  application  of  the  method  to 
galactose  in  the  presence  of  galacturonic  acid  is  being 
studied  with  a  view  toward  its  use  in  the  analysis  of  other 
natural  products. 


found  that  galactose  was  fermented  by  two  varieties  of  Sac- 
charomyces  cerevisiae  and  by  a  “milk  sugar  yeast”.  He  also 
showed  that  Schizosaccharomyces  pombe,  Torula  monosa,  and  T. 
dattila  did  not  ferment  galactose.  On  the  basis  of  these  differ¬ 
ences,  he  proposed  a  proximate  method  for  the  microbiologica. 
determination  of  galactose  in  the  presence  of  other  sugars 
Among  those  who  used  (and  modified)  Kluyver’s  procedures  wen 
Schmidt,  Trefz,  and  Schnegg  {11),  Hopkins,  Peterson,  and  Free 
{6),  Sherrard  and  Blanco  {13),  Kurth  and  Ritter  ( 9 ),  Kurth  (<?) 
Scott  and  West  {12),  Harding,  Nicholson,  and  Grant  {5),  and 
very  recently,  Menzinsky  {10).  The  last  author  showed  that  the 
strain  of  Saccharomyces  cerevisiae  which  he  used  in  galactose  fer 
mentation  required  preconditioning  by  culturing  the  yeast  on  £ 
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galactose-containing  medium.  Without  such  pretreatment  the 
yeast  was  unable  to  utilize  galactose. 

Besides  the  yeasts  mentioned  above,  the  following  are  known 
to  ferment  galactose:  Saccharomyces  pastorianus  (3),  S.  marxia- 
nus  ( 3 ,  6),  and  S.fragilis  (10).  Other  yeasts  known  to  ferment 
the  common  hexoses  other  than  galactose  are  S.  productivus  (3), 
S.  apiculatus  ( 3 ),  and  “Honey  B”  yeast  (6).  These  lists  are  not 
exhaustive. 

Kluyver  used  the  evolution  of  carbon  dioxide  as  a  measure  of 
fermentable  sugars.  Later  investigators  ( 6 ,  8)  showed  that  a 
quantitative  measure  of  the  reducing  value  simplified  the  analysis 
of  fermented  sugar  solutions. 

Notwithstanding  the  extensive  work  on  the  selective  fermen¬ 
tation  of  galactose,  the  results  of  relatively  few  experiments  with 
pure  sugar  mixtures  have  been  published  and  no  attempt  has 
been  made  to  determine  whether  the  methods  could  be  applied  in 
the  presence  of  uronic  acids.  The  limitations  and  general  appli¬ 
cability  of  the  fermentation  methods  are,  therefore,  indeterminate. 
The  present  study  shows  the  usefulness  of  the  microbiological 
method. 

EXPERIMENTAL 

The  objects  of  the  present  investigation  were  to  examine,  more 
critically  than  heretofore,  the  application  of  differential  fermen¬ 
tations  to  known  sugar  mixtures,  noting  their  limitations,  and 
to  develop  a  proximate  biochemical  method  for  the  determina¬ 
tion  of  galactose  in  the  hydrolyzates  obtained  from  mucilages 
and  hemicelluloses. 

Several  strains  of  S.  cerevisiae,  cultured  in  the  laboratories  of 
The  Institute  of  Paper  Chemistry,  had  been  shown  to  ferment 
galactose  quantitatively  in  1937  by  Kurth  ( 8 ).  In  1942,  how¬ 
ever,  qualitative  experiments  with  these  same  strains  showed 


that  none  fermented  1  per  cent  galactose  solutions  completely 
within  190  hours.  It  is  evident  that  strains  of  S.  cerevisiae  may 
lose  their  potency  as  galactose  fermenters  with  time,  unless  spe¬ 
cial  precautions  are  taken  to  recondition  them. 

Torula  dattila  appeared  at  first  to  give  fairly  promising  results 
as  a  nonfermenter  of  galactose.  About  92  to  95  per  cent  of  the 
galactose  (in  a  1  per  cent  solution),  when  treated  with  Torula 
dattila,  could  be  recovered  after  2  days  at  30°  C.,  but  only  about 
80  per  cent  remained  after  a  5-day  fermentation  period.  When¬ 
ever  the  concentrations  of  galactose  dropped  to  0.1  per  cent,  the 
sugar  was  rapidly  destroyed. 

The  use  of  these  organisms  was  discontinued  in  favor  of  two  in¬ 
teresting  yeasts  obtained  from  L.  J.  Wickerham,  Northern  Re¬ 
gional  Research  Laboratory,  Peoria,  Ill.  These  were  Saccharo¬ 
myces  carlshergensis  var.  mandshuricus,  N.R.R.L.  No.  379  (origi¬ 
nally  obtained  from  Charles  N.  Frey  of  the  Fleischmann  Labora¬ 
tories  in  1940),  a  highly  fermentative  strain  acting  on  dextrose, 
galactose,  and  some  of  the  common  disaccharides,  and  S.  bayanus, 
N.R.R.L.  No.  966  (also  originally  obtained  from  Frey  in  1940), 
which  was  known  to  ferment  dextrose,  sucrose,  and  maltose,  but 
which,  qualitatively  at  least,  had  no  effect  on  galactose.  Neither 
yeast  had  (during  the  past  three  years)  been  kept  on  galactose 
media. 

These  organisms  proved  entirely  satisfactory.  Neither  had 
more  than  a  slight  effect  on  arabinose,  xylose,  and  glucuronic 
acid.  No.  379  fermented  d-glucose,  mannose,  fructose,  and 
galactose  almost  quantitatively  within  48  hours.  No.  966  fer¬ 
mented  the  first  three  readily  within  the  same  time  period  and 
showed  no  action  whatsoever  on  galactose.  These  differences  led 
to  the  development  of  a  satisfactory  proximate  method  based  on 
differential  fermentations,  in  which  the  Munson-Walker  reduc¬ 
tion  method  (2)  was  used  without  modification.  In  aliquot 
portions,  taken  from  fermentation  mixtures,  20  to  125  mg.  of 
galactose  could  be  determined  with  an  accuracy  of  92  to  98  per 
cent,  even  when  other  sugars  were  present  originally  in  great  ex¬ 
cess. 

The  yeasts  were  maintained  in  good  condition  by  monthly 
transfers  on  glucose  agar  (Bacto-Dextrose  agar,  dehydrated). 
They  have  shown  no  decrease  in  potency  over  a  period  of  8 
months.  Agar  slant  cultures,  2  to  7  days  old,  were  used  for  the 
preparation  of  the  suspensions  required  in  inoculating  the  sugar 
solutions.  The  following  procedure  was  the  same  for  either 
yeast. 

About  2  ml.  of  sterile  water  were  pipetted  into  the  tube  con¬ 
taining  the  agar  slant  culture,  and  the  surface  growth  was  re¬ 
moved  gently  by  means  of  the  pipet,  which  also  served  to  stir  the 
suspension  briskly.  For  each  bottle  slant  of  glucose  agar  re¬ 
quired,  0.5  ml.  of  the  suspension  was  removed  and  spread  over 
the  surface  by  tilting  the  bottle  back  and  forth.  Eight-ounce, 
narrow-mouth,  square,  flint  glass  bottles  with  molded  screw 
caps  were  used  as  containers  for  sterile  water,  yeast  suspensions, 
and  bottle  slants.  Thereupon,  the  slants  were  incubated  for 
about  48  hours  at  30°  C.  One  bottle  slant  easily  furnished 
enough  inoculum  for  four  subsequent  sugar  analyses,  because  a 
dense  growth  of  yeast  cells  coated  the  agar  surface  at  the  end  of 
the  48-hour  period. 

About  10  ml.  of  sterile  water  were  added  to  the  bottle  slant, 
and  the  bottle  was  tilted  back  and  forth  to  loosen  the  growth. 
About  5  ml.  of  the  dense  yeast  suspension  were  pipetted  into  a 
sterile  dilution  bottle,  and  20  to  30  ml.  of  sterile  water  were  added. 
The  exact  amount  of  water  depended  upon  the  turbidity  shown 
by  a  Cenco-Sheard-Sanford  photelometer.  Suspensions  whose 
readings  fell  within  the  range  of  10  to  16  on  tnis  instrument, 
when  distilled  water  gave  a  reading  of  90,  subsequently  fermented 
sugar  mixtures  satisfactorily.  If  the  initial  photelometer  reading 
fell  below  10,  more  water  was  added  and  thoroughly  mixed  with 
the  suspension.  Whenever  the  photelometer  reading  exceeded 
16,  more  yeast  suspension  was  added.  In  practice  it  was  found 
better  to  work  with  too  dense  than  with  too  light  a  suspension. 
The  density  range  listed  above  was  shown  by  plate  counts  to 
approximate  35,000,000  cells  per  ml.  This  density  also  corre¬ 
sponded  roughly  to  that  of  barium  sulfate  suspension  prepared  by 
mixing  5  ml.  of  a  stock  solution  of  10  grams  of  barium  chloride  di¬ 
hydrate  per  liter  of  water  with  55  ml.  of  1  per  cent  sulfuric  acid 
and  allowing  the  mixture  to  stand  at  least  a  week  in  a  sealed  con- 
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Table  1.  Action  of  Yeasts 

on  Pentoses  after  a 
Period 

6-Day  Incubation 

CmO  Obtained  in 

Pentoses  Present 

Munson-W  alker 

in  Aliquot 

Treatment 

Determinations 

Mg. 

Mg. 

12.5  (xylose) 

Control 

26.3 

12.5  (xylose) 

Organism  379 

20.8 

12.5  (xylose) 

Organism  966 

22.3 

12.5  (arabinose) 

Control 

28.6 

12.5  (arabinose) 

Organism  379 

26.7 

12.5  (arabinose) 

Organism  966 

26.7 

tainer.  It  was  found  expedient  to  use  25  ml.  of  sugar  solutions 
in  the  fermentations  and  to  carry  out  all  experiments  in  125-ml. 
Erlenmeyer  flasks.  The  total  reducing  sugar  in  such  solutions 
never  exceeded  2  per  cent,  and  the  galactose  concentration  was 
ordinarily  kept  within  the  range  of  40  to  250  mg.  per  25  ml.  To 
the  sugar  solution  were  added  15  ml.  of  a  filtered  yeast  extract. 
[Red  Star  starch-free  yeast  cake  was  mixed  with  sufficient  dis¬ 
tilled  water  to  yield  a  10  per  cent  suspension.  This  was  heated 
for  1  hour  in  an  Arnold  sterilizer  at  about  100°  C.  and  subse¬ 
quently  for  20  minutes  at  15  pounds’  pressure  (at  121°  C.). 
The  cooled  suspension  was  filtered  several  times  through  fluted 
filter  paper  using  Cellite  to  clarify  the  solution.  Ordinarily  the 
yeast  extract  formed  a  slightly  turbid  solution.  This  was  dis¬ 
pensed  in  80-ml.  portions  into  Erlenmeyer  flasks,  which  were 
plugged  with  cotton  and  heated  at  15  pounds’  pressure  for  20 
minutes.  The  cooled  flasks  of  sterile  yeast  extract  can  be  stored 
for  months  without  change  in  a  refrigerator.] 

The  sugar  and  yeast  extract  mixtures,  which  showed  a  pH  of 
about  5  to  6  (alkacid  paper),  were  then  sterilized  at  15  pounds’ 
pressure  for  15  minutes,  cooled  to  about  30°  C.,  inoculated  under 
aseptic  conditions  with  10  ml.  of  the  appropriate  yeast  suspen¬ 
sion,  and  incubated  at  30°  C.  for  a  minimum  of  48  hours. 

The  fermentations  were  always  run  concomitantly  in  pairs, 
under  identical  conditions,  one  flask  being  inoculated  with  organ¬ 
ism  966  and  the  other  with  organism  379.  Three  or  four  times 
during  the  incubation  period,  the  flask  was  rotated  gently  to  bring 
the  bottom  yeasts  into  intimate  contact  with  the  sugar  solution. 
At  the  end  of  the  fermentation  period,  each  solution  was  diluted 
to  100  ml.  with  distilled  water,  thoroughly  mixed,  and  filtered 
through  two  No.  50  Whatman  filter  papers.  Twenty-five  to  50- 
ml.  aliquot  portions  of  the  clear,  pale  yellow  filtrates  were  taken 
for  analysis  by  the  usual  Munson- Walker  technique.  (Care 
must  be  taken  to  digest  the  asbestos  used  in  Gooch  crucibles 
thoroughly  with  hot  Fehling  solution,  and  with  concentrated 
nitric  acid.  To  prevent  later  clogging  of  Gooch  crucibles,  such 
treatments  should  be  continued  until  asbestos  filter  pads  permit 
the  rapid  filtration  of  hot  Fehling  solution  containing  the  filtered 
yeast  extract  referred  to  above.) 

The  weight  of  cuprous  oxide  resulting  from  the  fermentation 
with  organism  379  was  subtracted  from  that  obtained  by  the  use 
of  organism  966.  The  galactose  equivalent  was  calculated  by  the 
use  of  the  galactose-cuprous  oxide  graph  (Figure  1)  drawn  from 
data  obtained  experimentally  with  pure  galactose.  (The  mannose 
values  given  in  Figure  1  were  obtained  from  pure  d-mannose; 
the  glucose  values  were  taken  from  Munson  and  Walker’s  tables.) 

The  effects  of  S.  carlsbergensis  and  S.  bayanus  on  small  amounts 
of  xylose  and  arabinose  were  shown  to  be  relatively  unimportant, 
even  after  an  incubation  period  of  144  hours  instead  of  the  usual 
48-hour  period.  This  is  indicated  in  Table  I  (and  Table  II). 

Inasmuch  as  the  net  reducing  values  in  all  differential  galactose 
determinations  were  obtained  by  subtracting  the  weight  of  cu¬ 
prous  oxide  found  after  fermentation  with  organism  379  from 
that  found  after  a  fermentation  with  organism  966,  the  over-all 
error  resulting  from  the  presence  of  pentoses  is  negligible.  Fur¬ 
thermore,  the  authors’  quantitative  fermentation  periods  seldom 
exceeded  2  days,  which  presumably  would  result  in  a  lessened 
action  on  the  pentoses. 

Because  glucuronic  acid  may  be  a  minor  component  of  hemi- 
cellulose  hydrolysis,  the  effect  of  d-glucurone  in  the  galactose 
analysis  was  determined.  Figure  2  shows  the  reducing  values 
in  milligrams  of  cuprous  oxide  plotted  against  the  weights  of 
glucurone  (melting  point  174-5°  C.)  taken  for  analysis.  Over  a 
fairly  wide  range,  this  curve  is  practically  coincident  with  that 
of  glucose.  The  action  of  organisms  379  and  966  on  glucurone 


was  found  to  be  very  slight  and  their  over-all  effect  in  differential 
fermentations  of  galactose  was  almost  negligible.  This  is  indi¬ 
cated  in  the  last  row  of  Table  II. 

Orientating  experiments  were  also  carried  out  with  purified 
galacturonic  acid,  which  remains  virtually  unattacked  by  either 
organism,  even  when  only  small  amounts  of  the  acid  are  present 
in  the  usual  fermentation  mixture.  The  reducing  value  (Mun- 
son-Walker)  of  12.5  mg.  of  galacturonic  acid  was  shown  to  be 
23.0  mg.  of  cuprous  oxide;  when  neutralized,  sterilized,  inocu¬ 
lated,  and  incubated  in  the  usual  manner,  20.7  mg.  and  20.2  mg. 
of  cuprous  oxide  were  obtained  with  organisms  379  and  966. 
Here  again  the  “error”  is  cancelled. 

The  value  and  limitations  of  the  selective  differential  fermen¬ 
tations  in  the  determination  of  galactose  are  clearly  shown  in 
Table  II.  The  first  and  last  columns  of  this  table  should  be  com¬ 
pared.  Invariably,  in  the  higher  concentrations,  galactose  shows 
a  slight  but  persistent  residual  reduction  after  fermentation  with 
organism  379.  Whether  this  is  due  to  very  small  amounts  of  un- 
fermented  galactose  or  (what  is  more  probable)  to  the  slight  re¬ 
ducing  power  of  the  products  of  the  fermentation  is  not  known. 
The  error  is  never  very  appreciable,  but  it  accounts  for  the  fact 
that  galactose  recoveries  are  usually  somewhat  low.  Organism 
966  is  without  effect  on  galactose. 


Figure  2 


In  order  to  determine  whether  galactose  could  be  satisfactorily 
determined  in  the  hydrolyzate  of  a  disaccharide,  pure  lactose  was 
heated  with  2  per  cent  sulfuric  acid  at  the  boiling  point  for  2.75 
hours.  The  solutions  were  nearly  neutralized  with  solid  sodium 
carbonate  (pH  about  5,  alkacid  test  paper).  Aliquot  portions 
representing,  in  each  case,  125  mg.  of  lactose  (hydrate)  were  sub- 
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Tabic  II.  Galactose  Determination  Alone  and  in  Mixtures  of  Pure  Sugars 


CU2O  Obtained 

4° 

5 

Galactose 

2 

after  Fermen¬ 

CU2O  Obtained 

Net 

Recovered 

1 

Other 

tation  with 

after  Fermen¬ 

Weight  of 

(Calcd.  from 

Galactose 

Compo¬ 

No.  966 

tation  with 

Cu:0, 

5,  by  Use  of 

Taken 

nents 

No.  379 

3-4 

Figure  1) 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

125 

None 

247.0 

2.6 

244.4 

123.5 

125 

None 

250.1 

5.7 

244.4 

123.5 

125 

None 

247.3 

4.5 

242.8 

123.0 

150 

(Fermented 

None 

292.6 

6.0 

286.6 

146.5 

72  hrs.) 

None 

Mannose  125 

None 

None 

None 

None 

None 

Mannose  125 

Negligible 

Negligible 

None 

None 

<1 

<1 

62.5 

Mannose  62.5 

126.6 

1.7 

124.9 

61.5 

45 

Mannose  80 

91.2 

1.6 

89.6 

42.5 

25 

Mannose  100 

49.5 

0.5 

49 

23.5 

20 

Mannose  230 

37.1 

None 

37.1 

18.5 

Mannose  40 
Glucose  40 

88 

8.8 

79.2 

37.6 

Xylose  5 

(due  to  xylose) 

40 

Mannose  20 
Glucose  20 

173 

92.06 

81.0 

38.5 

Xylose  45 

(due  to  xylose) 

25 

Fructose  25.0 
Mannose  62.5 

51.2 

1.6 

49.6 

23.8 

PP  ■ 

Fructose  30 . 0 
Mannose  75.5 

60.5 

None 

60.5 

29.0 

17 . 5  Glucurone  12.6 

101.55 

25.75“ 

75.8 

36.0 

(due  to  glucurone) 

Unless  otherwise  stated,  figure  in  column  4  represents  error  due  to  incomplete  fermenta¬ 
tion  of  galactose  or  to  presence  of  small  amounts  of  reducing  substances  among  galactose 
:ermentation  products. 

i  Recovered  (using  Allihn’s  factor),  40.7  mg.  of  xylose. 
e  Recovered,  13  mg.  of  glucurone. 


jected  to  differential  fermentation.  The  galactose  values  found 
vere  62.5  and  62.5  mg.  (o  126.5  and  126.6  mg.  of  cuprous  oxide); 
the  calculated  value  is  62.5  mg.  of  galactose. 

The  effect  of  fructose  on  the  galactose  determination  is  neg- 
igible.  Fructose,  when  present  in  large  amount,  shows  a  per¬ 
sistent  reducing  value  after  fermentation  with  either  organism, 
inasmuch  as  these  copper  values  were  practically  identical  for 
ooth  No.  379  and  No.  966,  the  errors  cancelled  each  other.  In 
i  set  of  fermentations  with  fructose  alone,  250  mg.  of  this  sugar 
/ielded  7.1  mg.  of  cuprous  oxide  after  fermentation  with  No.  966, 
md  6.9  mg.  of  cuprous  oxide  after  treatment  with  No.  379. 

Acid  hydrolyzates  of  polysaccharides  (such  as  gums  or  hemi- 
belluloses)  are  ordinarily  neutralized  with  purified  barium  car¬ 
bonate.  To  avoid  the  introduction  of  barium  ion,  which  may  or 
nay  not  be  deleterious  to  yeasts,  sodium  carbonate  was  used  in 
owering  the  acidity  of  the  sugar  solutions.  These  were  never 
rendered  alkaline.  Alkacid  test  paper  showed  that  the  pH  was 
ibout  5  to  6,  which  experience  had  shown  to  be  satisfactory  for 
reast  fermentations.  Relatively  large  amounts  of  sodium  sul- 
ate  had  practically  no  effect  on  either  the  rate  of  fermentation  of 
.he  sugar  or  on  the  results  of  the  Munson-Walker  determination. 


by  control  experiments  with  pure  sugar  solutions 
that  had  been  treated  with  2  per  cent  sulfuric 
acid  for  6  hours.  One  hundred  milligrams  of 
mannose  yielded  217  mg.  of  cuprous  oxide  be¬ 
fore  and  210  mg.  of  cuprous  oxide  after  acid 
treatment.  The  mannose  reversion  products, 
however,  had  no  effect  on  the  galactose  deter¬ 
mination.  The  acid-treated  mannose  fermented 
completely  without  reducing  value.  Galactose 
appeared  to  be  unaffected  by  the  action  of  2  per 
cent  sulfuric  acid;  100  mg.  of  galactose  yielded 
200.5  mg.  of  cuprous  oxide  before  and  201.0  mg. 
of  cuprous  oxide  after  acid  treatment. 

Table  III  gives  the  yields  of  galactose  (cal¬ 
culated  as  galactan  on  the  oven-dry,  ash-free 
basis)  of  several  endosperm  mucilages,  some  of 
which  have  distinct  technological  interest. 

DISCUSSION 

Assuming  a  modicum  of  microbiological  con¬ 
trol,  the  relative  simplicity  of  the  differential 
fermentation  method  for  galactose  has  obvious 
advantages  over  the  older  mucic  acid  procedure. 
It  requires  less  material  for  analysis,  less  atten¬ 
tion  on  the  part  of  the  analyst,  and  is  less  subject 
to  fluctuations  with  slight  variations  in  technique. 
It  also  appears  to  be  more  accurate. 

S.  carlsbergensis  (organism  N.R.R.L.  No.  379) 

_  requires  no  reconditioning  to  galactose,  such  as 

that  required  by  certain  strains  of  S.  cere- 
visiae.  Organism  N.R.R.L.  No.  379  ferments 
galactose  readily,  despite  the  fact  that  this  sugar  has  not  been 
used  as  a  nutrient  in  its  culture.  In  the  authors’  brief  experience, 
S.  carlsbergensis  does  not  lose  its  potency  on  transfer.  It  was  as 
active  in  fermenting  galactose  after  8  months  of  culture  as  it  was 
on  receipt  from  Peoria.  S.  bayanus,  although  a  powerful  hexose 
fermenter,  leaves  galactose  practically  untouched.  This  differ¬ 
ence  in  behavior  should  make  for  an  ideal  combination  of  micro¬ 
organisms.  On  the  other  hand,  the  galactose  fermentation  by 
No.  379  leads  to  products  which  have  a  slight  reducing  value  (as 
shown  in  Table  II).  Although  very  slight,  the  error  thus  caused 
must  be  taken  into  account.  The  reduction  is  also  subject  to 
minor  fluctuations.  In  general,  it  leads  to  galactose  values  that 
are  slightly  low. 

The  usefulness  of  the  method  in  its  application  to  certain  gums 
and  mucilages  is  manifest.  In  the  case  of  the  endosperm  muci¬ 
lages,  independent  determinations  of  mannose  ( 1 ),  coupled  with 
the  figures  given  in  Table  III,  account  for  94  to  97  per  cent  of 
the  total  hydrolyzates.  The  possible  application  of  the  galactose 
method  to  the  hydrolysis  products  of  pectins,  in  which  galac- 
turonic  acid  residues  predominate,  is  under  investigation.  How- 


The  above  analytical  method  was  applied  to  a 
leries  of  mannogalactan  mucilages  isolated  from 
he  endosperms  of  various  seeds  by  extraction 
vith  hot  water,  filtration,  and  precipitation  with 
lithanol.  The  dried  mucilages  were  hydrolyzed  by 
boiling  for  about  6  hours  with  25  ml.  of  2  per 
;ent  sulfuric  acid.  The  solutions  were  cooled, 
wrought  to  a  pH  of  5  to  6  with  solid  sodium  car¬ 
bonate,  and  subjected  to  the  differential  fermenta- 
ion  without  removing  the  solution  from  the  125-ml. 
lask.  The  analyses  were  made  as  usual  on  25-  or 
bO-ml.  filtered  aliquots  taken  from  the  fermenta¬ 
tion  mixtures  that  had  been  diluted  to  100  ml. 


The  sugar  yields  found  in  such  hydrolyses  should 
be  considered  minimal  values.  Significant  amounts 
bf  mannose  were  lost  on  hydrolysis,  but  galactose 
ippeared  to  be  largely  unaffected.  This  was  shown 


Table  III.  Galactan  Content  of  Plant  Mucilages 


Mucilage 

Galactan,  % 

Guar  1 

(Cyamopsis  tetragonalobus) 

37.8,38.2“ 

37.4,37.6“ 

Guar  2 

33.8,34.4“ 

Locust  bean 
(Ceratonia  siliqua) 

20.0 

19.9 

Honey  locust 
(Gleditsia  triacanthos) 

26.0 

25.9 

Flame  tree 
( Delonix  regia) 

18.2,  18.9“ 

Kentucky  coffee  bean 
( Gymnocladus  dioica) 

26.2,26.8“ 
25.4, 25.6“ 

Mucilage 

Galactan,  % 

Arabogalactan 
(from  W.  Larchwood) 

79.4,79.5“ 

80.1 

Palo  verde 

(Cercidium  torreyanum ) 

21.3,21.9“ 

Tara 

( Caesalpinia  spinosa ) 

26.2,26.4“ 

Huizache 

( Caesalpinia  cacaloca) 

27.7, 27.3“ 

Sophora  japonica 

15.6 

°  Duplicate  determinations  on  aliquots  from  same  fermentation  are  given  on  same  line. 
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ever,  a  few  preliminary  experiments  indicate  that  galacturonic 
acid  is  affected  but  little  by  either  organism. 
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Use  of  the  Discriminant  Function  in  the  Comparison  of 

Proximate  Coal  Analyses 

W.  D.  BATEN  AND  C.  C.  DeWITT 
Michigan  State  College,  East  Lansing,  Mich. 


Comparing  a  number  of  analyses  of  a  material  from  one 
source  with  analyses  of  similar  material  from  another  source 
has  heretofore  presented  a  very  real  problem.  The  present 
paper  applies  statistical  methods  to  the  comparison  of 
proximate  analyses  and  B.t.u.  per  pound  of  coal  from  two 
mines.  This  statistical  analysis  by  random  sampling  shows 
the  probability  that  two  coals  come  from  the  same  source. 
The  discriminant  function  developed  by  Fisher  is  used.  By 
means  of  this  function  a  comparison  may  be  obtained 
between  analytical  data  based  on  material  from  one  source 
and  data  on  similar  material  from  a  different  source.  In 
addition,  the  order  of  significance  of  the  several  analytical 
constituents  in  a  single  series  of  samples  may  be  deter¬ 
mined.  The  method  is  capable  of  general  application. 


FISHER  (6),  in  1936,  developed  the  discriminant  function  for 
the  comparison  of  multiple  measurements  obtained  in  taxo¬ 
nomic  problems.  Since  then  three  papers  (S,  4, 5)  have  appeared 
which  make  use  of  Fisher’s  technique.  The  present  paper  is 
concerned  with  the  application  of  the  discriminant  function  to 
the  differentiation  of  two  series  of  proximate  coal  analyses  and  the 
B.t.u.  per  pound  of  coal.  Each  series  of  analytical  data  is  from  a 
different  mine. 

Each  series  consists  of  100  samples  of  coal.  The  proximate 
analysis,  covering  the  volatile  matter,  fixed  carbon,  per  cent  of 
ash,  as  well  as  the  B.t.u.  per  pound  of  coal,  is  used  in  making  the 
comparison  of  the  coal  from  these  mines.  The  samples  were 
taken  from  cars  of  coal  sent  to  this  college  over  a  period  of  several 
years,  and  the  analyses  are  reported  on  samples  dried  at  105°  C. 
The  analytical  data,  while  accurate,  indicate  that  the  methods  of 
sampling  may  be  questioned.  The  value  of  the  present  approach 
is,  however,  not  in  the  data  reported  but  in  the  application  of 
statistical  procedures  to  comparison  of  similar  chemical  data. 
The  discriminant  function  enables  one  to  obtain  a  numerical 
comparison  of  the  coals  by  the  use  of  two  linear  compounds  or 
equations  in  which  the  effects,  in  the  present  instance,  of  all  four 
of  these  measurements  are  combined.  Further,  the  application 
of  this  function  to  these  analytical  data  permits  a  test  for  signifi¬ 


cance  between  the  constituents  of  which  the  compounds  are 
formed. 

The  compound  for  the  first  mine  is: 

X  ~  b\Xi  T  60.T2  &3X3  T  64X4 

where  xi,  x2,  x%,  and  x4  represent,  respectively,  B.t.u.,  per  cent  of 
volatile  material,  per  cent  of  fixed  carbon,  and  per  cent  of  ash, 
and  &i,  62,  63,  and  64  are  constants  to  be  found.  The  variables  xu 
x2 ,  Xz,  and  x4  may  be  correlated.  The  compound  for  the  second 
mine  is 

Xr  =  b1x1  -j-  62x2  biX2  64X4 

where  x[,  x^,  x’z,  and  X4  represent,  respectively,  the  above 
similar  measurements;  the  coefficients  are  the  same  as  in  com¬ 
pound  X.  The  difference  between  the  means  of  the  above  twe 
compounds  made  up  of  the  four  measurements  is 

D  —  b\di  b*di  -|-  bidi  -f-  b\d\  (1 

where  d2  =  xx  —  x[,  d2  =  x2  —  x2,  d3  =  x3  —  x3',  andd*  =  x4  - 
x4,  and  xt,  x2,  x3,  and  x4  represent  the  arithmetic  means  of  thi 
respective  measurements  made  of  the  coal  from  the  first  min 
and  Xj,  x2,  x3,  and  x4  represent  the  means  of  similar  measure 
ments  made  on  the  coal  from  the  second  mine. 


Table  I.  Measurements  of  B.t.u.,  Per  Cent  of  Volatile  Materia! 
Per  Cent  of  Fixed  Carbon,  and  Per  Cent  of  Ash  for  Mines  A  and  i 

^ - Mine  A - -  - - Mine  B - 


Vola- 

Per 

Vola- 

Per 

tile 

Fixed 

cent 

tile 

Fixed 

ceni 

B.t.u., 

matter, 

carbon, 

ash. 

B.t.u., 

matter, 

carbon. 

ash 

X\ 

XI 

XI 

Xi 

X2 

*3 

*4 

13,000 

25.7 

64.3 

7.9 

13,600 

33.0 

59.6 

6.£ 

13,700 

25.0 

64.2 

8.4 

14,300 

36.9 

56.3 

6.S 

12,800 

23.0 

66.2 

10.0 

13,000 

35.5 

50.9 

12. t 

12,300 

22.8 

59.9 

12.9 

14,000 

34.9 

58.7 

5.? 

14,100 

33.5 

60.2 

5.9 

13,700 

30.1 

59.3 

10. ( 

13,900 

27  ]3 

59!4 

8.3 

13,800 

35.2 

54 8 

9!:! 

Av.  13,110 

28.33 

61.16 

8.71 

13,596 

34.00 

56.28 

8.C 
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Table  I  contains  a  few  measurements  from  mines  A  and  B, 
taken  at  random  from  the  sets  of  observations.  The  means  of  the 
100  measurements  on  each  of  four  properties  are  given  in  the  last 
line  of  that  table. 

Let 

S  —  6Js,,  4~  63S22  +  63S33  +  6|s„  4"  2&162S12  +  2&1&3S13  + 

26,6, s„  4~  262&3S23  4"  2626, s2,  4”  26364834 

where 

100  _  _  100 
sh  =  Y  (xi.k  -  Xi)(xj,k  -  Xj )  4-  Y  (xU  ~  Xi)(xj,k  -  x’j) 
k  =  1  k  =  1 

where  k  is  the  variable  of  summation.  The  value  of  s,-,-  when  i  = 
1  and  j  =  1  is 

100  _  100 

s,i  =  Y  (Xl-k  ~  x‘)2  +  Y  (xi'k  ~  x^2 

k  —  1  k  =  1 

In  our  case  this  quantity  is  (using  values  in  Table  I)  found  as 
follows: 

sn  =  (13,000  -  13, 110) 2  4-  (13,700  -  13,110)2  4-  ...  4-  (13,900  - 
13, 110)2  4-  (13,600  -  13,596) 2  4-  (14,300  -  13,596)2  4-  ...  4- 
(13,800  -  13,596)2  =  20,110,000  4-  17,718,400  =  37,828,400 

The  value  of  s,-,-  where  i  —  2  and  j  =  3  is 

100  _  __  100 
^23  (x?,k  x%)  4-  (.x^tk  s:3)(x3,t  x3) 

k  =  1  k  =  1 

By  using  the  values  in  Table  I  this  is 

'28  =  (25.7  -  28.33)  (64.3  -  61.16)  4-  (25.0  -  28.33)  (64.2  - 
51.16)  4-  ...  4-  (27.3  -  28.33)  (59.4  -  61.16)  4-  (33.0  - 
54 . 00)  (59 . 6  -  56 . 28)  4-  (36 . 9  -  34 . 00)  (56 . 3  -  56 . 28)  4- ...  4- 
35.2  -  34.00)  (54.8  -  56.28)  =  -  645.82  -  373.49  = 

-1,019.31 

The  quantity  S  is  equal  to  the  sum  of  squares  within  com- 
jounds.  By  maximizing  the  quantity  D2/S  the  following  equa¬ 
tions  arise.  These  equations  are  actually  proportionalities, 
)ut  for  the  purpose  of  evaluating  constants  6,,  62,  63,  and  6, 
hey  may  be  used. 


(C)  6,  -  0. 04927762  4-  0.0894186,  -  0.0410916,  = 

-0.000236 

(D)  —  6,  —  0. 00405362  -  0.0060316,  4-  0.0107826,  = 

0.000000 

(A)  -  (B)  -0.00975862  4-  0.0087736,  4-  0.0008856,  = 

-0.000033 

(B)  -  (C)  0. 0623106,  -  0.0976446,  4-  0.0364816,  = 

0.000282 

(C)  4-  (D)  -0. 05333062  4-  0.0833876,  -  0.0303096,  = 

-0.000236 

Dividing  each  equation  by  the  absolute  value  of  the  coef¬ 
ficient  of  62  in  it  gives: 

(. E )  -62  4-  0.8990576,  4-  0.0906956,  =  -0.003382 

(F)  62  -  1.5670686,  4-  0.5854766,  =  0.004526 

(G)  -62  4-  1.5636046,  -  0.5683296,  =  -0.004425 

(E)  (F)  -  0.6680116,  4-  0.6761716,  =  0.001143 

(F)  +  (G)  -  0.0034646,  4-  0.017146,  =  0.000101 

Dividing  each  equation  by  the  absolute  value  of  the  coefficient 
of  63  in  it  gives: 

(H)  -6,  4-  1.0122156,  =  0.001711 

(/)  -6,  -f  4.9500586,  =  0.029157 

(H)  -  (/)  -3.9378436,  =  -0.027446  ;  6,  =  0.006970 

From  (H)  63  =  0.005344 

From  (/)  63  =  0.005345;  63  =  0.005345  (average) 

From  (E)  62  =  0.008820 

From  ( F )  h°_  =  0.008821 

From  ( G )  62  =  0.008821;  62  =  0.008821  (average) 

From  (A)  6,  =  0.000007 

From  (B)  6,  =  0.000007 

From  (C)  6,  =  0.000007 

From  (D)  6,  =  0.000007;  6,  =  0.000007  (average) 

Therefore 

61  =  0.000007,  62  =  0.008821,  63  =  0.005345,  6,  =  0.006970 

This  method  of  solving  simultaneous  equations  is  easy  to 
follow  and  easy  to  explain  to  the  average  computer. 

The  linear  compound  which  enables  one  to  detect  the  greatest 
difference  between  the  mines  in  relation  to  these  four  measure¬ 
ments  is 


Sn6,  4-  S1262  4"  S1363  4"  s„6,  =  d\ 

S1261  4~  S2262  4-  52,63  4"  ^2,64  =  c?2 

si,6i  -f-  S2362  4-  S3363  -}-  S3, 6,  =  d, 

Si,6,  4-  S2462  4*  S3, 63  4*  s„6,  =  di 

From  these  equations  the  values  of  the  6’s,  of  the  coefficients 
n  compound  X,  can  be  found.  The  solution  of  these  equa¬ 
tions  gives,  of  all  linear  compounds  in  xt,  x2,  x3,  and  x4,  the  one 
compound,  X,  which  most  clearly  discriminates  one  mine  from 
he  other.  These  equations  are : 

17,828,400.006!  4-  123, 906.006,  4-  20,685.206,  - 

140,927.006,  =  486.00 

jl 23, 906.006,  4-  1,614. 8762  -  1,019.316,  -  571.216,  =  5.67 
10,685. 006,  -  1,019.3162  4-  1,849. 6263  -  849.976,  =  -4.88 
-140,927.006,  -  571. 216,  -  849. 9763  4-  1,519.426,  =  -0.06 

There  are  several  ways  of  solving  these  equations.  One  way 
2),  using  the  computing  machines,  is  as  follows:  Dividing 
•ach  equation  by  the  absolute  value  of  the  coefficient  of  6,  in  it 
pves: 


A)  6,  4-  0 . 003275&2  4-  0.00054763  -  0.0037256,  = 

0.000013 

B)  6,  4-  0. 01303362  -  0.00822663  -  0.0046106,  = 

0.000046 


X  =  0.000007X,  4-  0.008821x2  4-  0.005345x3  4-  0.006970x, 

The  mean  compound  pertaining  to  mine  A  is 

X  =  0.000007X,  4-  0.008821x2  4-  0.005345x3  4-  0.006970x, 
=  0.000007  (13,100)  4-  0.008821  (28.33)  4- 

0.005345  (61.16)  4-  0.006970  (8.71) 

or 

X  =  0.7293 

The  mean  compound  pertaining  to  mine  B  is 

X'  =  0. 000007  (13,596)  4-  0 . 008821  (34 . 00)  4- 

0.005345  (56.28)  4-  0.006970  (8.65)  =  0.7562 

The  difference  D  between  these  two  means  is  0 . 7562  —  0.7293  = 
0 . 0269.  This  can  be  found  directly  from  Equation  1  as  follows: 

D  =  0.000007  (486)  4-  0.008821  (5.67)  4- 

0.005345  (-4.88)  4-  0.006970  (-0.06) 

or 

D  =  0.003402  4-  0.050015  -  0.026083  - 

0.000418  =  0.0269  (2) 

as  before. 

The  question  arises  as  to  whether  or  not  the  means  of  these 
compounds  are  statistically  significantly  different.  Table  II 
contains  an  analysis  of  variance  of  these  compounds  and  enables 
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one  to  test  for  a  significant  difference  between  these  two  means. 
The  two  asterisks  in  the  last  column  indicate  that  these  com¬ 
pounds  are  highly  significantly  different.  This  means  that  the 
probability  of  getting  by  chance  such  a  large  value  of  D  is  less 
than  0.01.  This  is  found  from  a  table  of  F  values  (1,  7).  The 
odds  in  favor  of  getting  by  chance  such  a  large  difference  between 
the  compounds  pertaining  to  the  two  mines  are  less  than  1  to  99. 
This  indicates  that  the  coal  from  mine  A  is  definitely  different 
from  the  coal  from  mine  B,  as  far  as  these  four  measurements  are 
concerned. 

By  examining  the  four  terms  in  Equation  2  one  can  determine 
which  characteristic  of  the  coal  (B.t.u.,  per  cent  of  volatile 
material,  per  cent  of  fixed  carbon,  or  per  cent  of  ash)  is 
most  important  for  differentiating  the  two  coals,  which  is  of  next 
importance,  etc.  The  second  term,  0.050015,  in  this  equation  is 
greater  than  the  absolute  value  of  each  of  the  other  terms;  hence 
the  per  cent  of  volatile  material  is  the  most  important  factor,  in 
this  case,  for  determining  whether  or  not  the  coal  from  one  mine 
is  different  from  the  coal  from  the  other  mine.  The  absolute 
value  of  the  third  term  in  this  equation,  0.026083,  is  second  in 
size;  hence  the  per  cent  of  fixed  carbon  is  next  in  importance  for 
revealing  a  difference  between  the  coal  from  the  two  mines.  The 
factor  B.t.u.  is  third  in  importance  for  differentiating  these  two 
coals.  Per  cent  of  ash  is  of  the  least  importance  for  these  mines. 
The  order  of  importance  of  these  factors  may  change  for  other 
coals.  Table  III  gives  the  ranks  of  importance  of  these  charac¬ 
teristics  when  various  combinations  are  used  to  calculate  the 
compounds. 

Table  III  gives  the  ranks  of  the  characteristics  of  the  coals  for 
various  combinations  of  the  sets  of  measurements.  In  column  2 
it  is  seen  that  per  cent  of  fixed  carbon  is  the  most  important 
characteristic  for  differentiating  one  mine  from  the  other  as  far 
as  per  cent  of  volatile  material,  per  cent  of  fixed  carbon,  and  per 
cent  of  ash  are  concerned. 


Table  II. 

Analysis  of  Variance  of  the  Compounds 

Degrees  of 

Source  of  Variation 

Freedom 

Sum  of  Squares 

Mean  Square 

Total 

199 

Between  compound  means  4 

SOD*  =  0.0362 

0.00905** 

Within 

195 

D  =  0.0269 

0.00014 

Table  III.  Rank  of  Characteristics  for  Various  Compounds  Pertaining 
to  Coals  A  and  B 

Compound  Composed  of 

Per  cent 
B.t.u.  of  volatile 


Per  cent 
of  volatile 
matter 

matter 
Per  cent 
of  fixed 

B.t.u. 

Per  cent 

Per  cent 
of  volatile 
matter 

Per  cent 

carbon 

Per  cent 

of  carbon 

Per  cent 

of  fixed 

Per  cent 

of  volatile 

Per  cent 

of  fixed 

carbon 

of  ash 

matter 

of  ash 

carbon 

B.t.u. 

3 

2 

Volatile  matter 

1 

2 

1 

2 

Fixed  carbon 

2 

i 

i 

1 

Per  cent  ash 

3 

*  * 

2 

*  * 

Table  IV  contains  the  means  of  measurements  pertaining  to 
B.t.u.,  volatile  material,  fixed  carbon,  and  per  cent  of  ash  for 
two  other  mines,  C  and  D.  The  discriminant  function  pertain¬ 
ing  to  these  mines  for  the  value  D  is 

D  =  0.000020  (495)  -  0.006360  (5.10)  - 

0.001559  (-  2.63)  -  0.000468  (-  2. 16) 

or  D  =  0.00990  -  0.00350  +  0.00410  +  0.00101 

D  =  0.01151 

An  analysis  of  variance  table  (not  given)  shows  that  the  two 
coals  are  significantly  different.  The  characteristic  B.t.u.  is 


Table  IV.  Arithmetic  Averages  of  B.t.u.,  Per  Cent  of  Volatile 
Material,  Per  Cent  of  Fixed  Carbon,  and  Per  Cent  of  Ash 
Measurements  from  Mines  C  and  D 


Mines 

B.t.u. 

Per  Cent  of 
Volatile 
Matter 

Per  Cent  of 
Fixed 
Carbon 

Per  Cent 
of  Ash 

C 

13,700 

35.09 

57.18 

6.56 

D 

13,205 

29.99 

59.81 

8.72 

Difference 

495 

5.10 

-2.63 

-2.16 

Table  V.  Averages  of  B.t.u.,  Per  Cent  of  Volatile  Material,  Per 
Cent  of  Fixed  Carbon,  and  Per  Cent  of  Ash  for  Mines  E  and  F 

Per  Cent  of  Per  Cent  of 


Mines 

B.t.u. 

Volatile 

Matter 

Fixed 

Carbon 

Per  Cent 
of  Ash 

E 

14,012 

34.15 

60.31 

4.21 

F 

12,134 

35.78 

48.14 

13.25 

Difference 

1,878 

-1.63 

12.17 

-9.04 

most  important,  per  cent  of  fixed  carbon  is  second,  per  cent  of 
volatile  material  is  third,  and  per  cent  of  ash  is  last  in  importance 
in  testing  whether  or  not  the  mines  differ  as  far  as  a  compound  of 
these  four  sets  of  measurements  is  concerned. 

Table  V  contains  averages  of  measurements  pertaining  tc 
B.t.u.,  volatile  material,  fixed  carbon,  and  per  cent  of  ash  foi 
mines  E  and  F. 

The  difference  between  the  means  of  the  two  discriminant  func¬ 
tions  pertaining  to  the  mines  is 

D  =  0 . 000083  (1878)  -  0 . 001356  ( - 1 . 63)  +  0 . 006124  (12 . 17)  + 
0.009580  (-9.04)  =  0.155874  +  0.002210  + 

0.074529  -  0.086603  =  0.1460K 

In  this  case  B.t.u.  is  first,  per  cent  of  ash  is  second,  per  cent  oi 
fixed  carbon  is  third,  and  per  cent  of  volatile  material  is  fourth  ii 
importance  for  differentiating  between  the  coal  from  these  mines 

DISCUSSION 

The  discriminant  function  enables  one  to  test  for  a  statistics 
difference  between  two  linear  compounds  made  up  of  severs 
variables  or  measurements.  It  has  many  advantages  because  i 
furnishes  one  measurement  pertaining  to  a  combination  of  severa 
measurements. 

In  the  present  instance  the  statistical  analysis  of  the  dat: 
shows  a  difference  between  the  coal  from  the  two  mines.  It  ma; 
be  useful  in  the  future  to  compare  analytical  data  from  othe 
mines.  Such  an  effort  would  involve  the  selection  of  a  standar 
coal,  and  it  seems  apparent  that  other  analytical  data,  such  a 
per  cent  of  sulfur,  per  cent  of  moisture,  and  the  fusing  temperatur 
of  the  ash,  should  be  included  in  the  more  accurate  statistics 
comparison. 

CONCLUSION 

Fisher’s  discriminant  function  has  been  applied  to  the  di 
ferentiation  of  analytical  data  obtained  from  one  hundred  co) 
samples  taken  from  each  of  two  mines.  The  intercomparison  < 
the  relative  significance  of  the  elements  of  the  analytical  dal 
relating  to  coal  has  been  accomplished.  The  probability  that  tv 
coals  come  from  the  same  source  by  random  sampling  is  given. 
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Colorimetric  Analysis  of  Xanthone  Spray  Residues 
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A  colorimetric  method  for  the  determination  of  xanthone 
spray  residues  consists  in  adding  a  measured  quantity  of 
toluene  to  a  sample  of  apples  or  apple  plugs  in  a  glass  jar 
and  shaking  for  5  minutes.  The  resulting  solution  of 
xanthone  and  apple  waxes  is  filtered  and  an  aliquot  of  the 
filtrate  taken  for  analysis.  The  xanthone  is  reduced  to 
xanthydrol  by  refluxing  with  sodium  amalgam  in  toluene 
and  methanol.  After  removal  of  the  methanol  by  a  water 
extraction,  an  aliquot  of  the  supernatant  toluene  solution  is 
swirled  in  concentrated  hydrochloric  acid,  effecting  an 
equilibrium  transfer  of  the  xanthydrol  to  the  acid  layer  to 
give  a  yellow  color,  which  is  measured  photometrically. 

XANTHONE  has  been  used  experimentally  as  an  insecticide 
against  codling  moth  larvae  and  other  insects.  The  pur¬ 
pose  of  this  study  was  to  develop  a  satisfactory  method  for  deter¬ 
mining  xanthone  residues  on  sprayed  apples,  and  the  following 
colorimetric  procedure  is  recommended.  It  is  based  on  a  proce¬ 
dure  used  by  the  Laurel  Hill  Laboratory  of  the  General  Chemical 
Company  for  determining  xanthone  spray  residues.  The  writers 
are  indebted  to  several  of  the  staff  of  this  laboratory  for  construc¬ 
tive  criticism  and  advice  in  the  preparation  of  this  paper. 

ANALYTICAL  PROCEDURE 

Reagents.  Toluene.  Toluene  may  contain  an  impurity, 
probably  a  thiophene  derivative,  which  upon  shaking  with  con¬ 
centrated  hydrochloric  acid  yields  a  slight  yellow  color  in  the 
acid  layer.  This  impurity  can  be  removed  by  adding  50  ml.  of 
concentrated  sulfuric  acid  per  liter  of  toluene,  allowing  to  stand 
over  24  hours,  separating  the  layers,  and  distilling  the  toluene. 
The  first  milky  portion  of  the  distillate  is  discarded.  Toluene 
from  all  operations  may  be  recovered  and  reused  if  treated  in  this 
manner.  White  crystals  of  p-toluenesulfonic  acid  may  appear  in 
the  toluene  layer  during  the  sulfuric  acid  treatment,  but  they  do 
not  distill  and  do  not  interfere,  c.p.  toluene  usually  does  not 
contain  this  impurity. 

Methanol  (absolute). 

Sodium  amalgam.  Cautiously  melt  9  grams  of  sodium  in  20 
ml.  of  toluene  in  a  round-bottomed  flask  and  add  750  grams  of 
mercury,  drop  by  drop  at  first  and  more  rapidly  after  a  few  milli¬ 
liters  have  been  added.  Most  of  the  toluene  will  volatilize,  but 
some  should  be  kept  over  the  amalgam  when  it  is  transferred  to 
an  airtight  bottle. 

Hydrochloric  acid  (c.p.  concentrated). 

Preparation  of  Standards.  Carefully  weigh  50.0  mg.  of 
pure  xanthone,  transfer  to  a  250-ml.  volumetric  flask,  and  make 
to  volume  with  toluene.  Keep  tightly  stoppered  to  prevent  loss 
of  toluene.  One  milliliter  of  this  solution  contains  200  micro¬ 
grams  of  xanthone.  If  pure  xanthone  is  not  available  for  stand¬ 
ards,  it  can  be  prepared  by  distilling  a  crude  xanthone  product  and 
recrystallizing  the  distilled  material  several  times  from  dioxane 
or  other  suitable  solvent  to  a  constant  melting  point  of  174°  C. 
Measure  2  ml.  of  the  standard  solution  and  sufficient  toluene  to 
make  a  total  of  20  ml.  into  a  125-ml.  flask  fitted  with  a  ground- 
glass  joint.  Add  10  ml.  of  methanol  and  0.5  to  1.0  ml.  of  sodium 
amalgam,  connect  with  a  water-cooled  condenser,  and  reflux  for 
30  minutes.  Before  removing  the  flask  from  the  condenser,  cool 
to  prevent  loss  of  toluene.  Add  20  ml.  of  water  and  shake  vigor¬ 
ously  to  remove  the  methanol  from  the  toluene.  Pour  into  a  tall 
tube,  such  as  a  50-ml.  Nessler  tube,  retaining  the  amalgam  in  the 
flask.  Allow  the  layers  to  separate,  and  pipet  5  ml.  of  the  tolu¬ 
ene  layer  (containing  the  xanthydrol)  into  a  100-  to  150-ml.  flask 
that  contains  exactly  10  ml.  of  concentrated  hydrochloric  acid. 
Develop  the  color  by  swirling  the  mixture  gently  for  approxi¬ 
mately  1  minute.  Pour  into  a  test  tube  or  cell  and  measure  the 
color  of  the  acid  layer  in  a  photometer.  A  glass  color  filter  hav¬ 
ing  maximum  transmission  at  424  millimicrons  gave  satisfactory 
results  in  a  Type  F  Aminco  photometer. 

Repeat  for  5-  and  10-ml.  aliquots  of  standard  xanthone  solu¬ 
tion.  The  5/20  aliquots  of  toluene  used  for  color  development 


represent  100,  250,  and  500  micrograms  of  xanthone.  Prepare 
a  standard  graph  by  plotting  the  quantities  of  xanthone  in  the 
standard  solution  against  the  logarithms  of  the  corresponding 
photometer  readings.  The  light  transmission  of  148  micrograms 
of  xanthone  read  under  the  conditions  above  in  a  2.5-cm.  (1-inch) 
cell  is  50  per  cent. 

Analysis  of  Samples.  A  statistical  analysis  has  shown  that 
20  to  25  apples,  taken  from  different  parts  of  a  tree,  constitute  a 
satisfactory  sample  for  residue  determination.  Place  the  apples 
in  a  tared  glass  jar,  weigh,  and  calculate  the  surface  area  from  the 
weight,  by  the  use  of  a  previously  established  relationship.  Add 
from  100  to  250  ml.  of  toluene,  depending  on  the  quantity  of 
xanthone  and  the  size  of  the  apples,  and  shake  for  5  minutes  in  a 
machine  by  the  process  described  by  Fahey  et  al.  ( 1 ).  Filter  a 
portion  of  the  solution,  and  use  an  aliquot  not  to  exceed  10  ml.  of 
the  filtrate  for  the  analysis  as  described  under  the  procedure  for 
standards.  Read  the  amount  of  xanthone  per  aliquot  from  the 
standard  graph. 

Apple  plugs  may  be  treated  in  a  similar  manner.  If  they  are 
used,  a  smaller  volume  of  toluene  can  be  used  for  stripping. 

DISCUSSION 

Solvents  for  Xanthone.  In  selecting  a  solvent  for  the  re¬ 
moval  of  xanthone  residues,  consideration  was  given  to  solubility, 
efficacy  of  wax  removal  from  apples,  and  the  extraction  of  inter¬ 
fering  substances.  Acetone,  alcohols,  benzene,  and  petroleum 
ether  were  not  satisfactory  because  of  poor  solvent  power  for 
xanthone  and  too  great  solvent  power  for  interfering  substances. 


Figure  1.  Rate  of  Xanthone  Reduction  to  Xanthydrol 
in  Toluene-Methanol  Mixture 


The  solubility  of  xanthone  in  toluene  is  1.43  gram  per  100  ml. 
at  30°  C.,  which  is  far  in  excess  of  any  concentration  normally  en¬ 
countered  in  residue  analysis.  Since  the  apple  wax  appears  to  be 
completely  dissolved,  any  xanthone  that  may  be  covered  with 
wax  is  also  obtained.  The  amount  of  interference  introduced  by 
shaking  even  mature  waxy  apples  with  toluene  for  30  minutes  is 
negligible.  On  the  other  hand,  5  minutes’  shaking  is  sufficient 
for  complete  removal  of  xanthone  residues.  Toluene  was  there¬ 
fore  selected  as  the  most  desirable  solvent  for  this  method. 

Reduction  of  Xanthone.  It  is  best  to  use  an  aliquot  of  the 
residue  solution  containing  from  0.4  to  2.0  mg.  of  xanthone  for 
reduction.  If  the  aliquot  contains  larger  quantities,  up  to  50 
mg.,  reduction  will  be  complete,  but  further  ali  quo  ting  and  dilu- 
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tion  after  removal  of  the  methanol  will  be  necessary.  The  term 
“complete  reduction”  as  used  here  means  that,  under  the  condi¬ 
tions  of  the  method,  a  more  intense' yellow  color  cannot  be  ob¬ 
tained  with  a  given  amount  of  xanthone  even  if  the  time  of  reduc¬ 
tion  is  doubled.  Reduction  of  xanthone  in  a  mixture  of  20  ml.  of 
toluene  and  10  ml.  of  methanol  reaches  a  maximum,  under  the 
reflux  condition  of  the  method,  in  25  minutes  (Figure  1),  as 
judged  by  color  development. 

Color  Development.  After  reduction  the  addition  of  water 
followed  by  vigorous  shaking  removes  the  methanol  from  the 
toluene  layer,  which  returns  to  its  original  volume  of  20  ml. 
When  the  mixture  is  transferred  to  a  container  for  the  separation 
of  the  two  layers,  it  is  convenient  to  withdraw  the  amalgam  for 
subsequent  recovery.  The  5-ml.  aliquot  of  the  toluene  layer 
needed  for  color  development  can  be  taken  before  all  the  toluene 
has  separated;  it  is  not  even  necessary  to  filter  to  remove  slight 
water  turbidity.  If  smaller  aliquots  are  used,  sufficient  pure 
toluene  to  make  5  ml.  must  be  added  before  treatment  with  acid. 

When  xanthydrol  is  treated  with  hydrochloric  acid,  chlorine 
is  substituted  for  the  hydroxyl  group.  The  resulting  com¬ 
pound  is  colorless  in  dilute  acid,  but  in  the  presence  of  concen¬ 
trated  hydrochloric  acid  an  intense  yellow  color  is  produced. 
The  intensity  of  yellowr  color  is  proportional  to  the  quantity  of 
xanthone  used  in  the  determination.  If  the  toluene  is  removed 
from  the  acid  layer  to  prevent  a  shift  in  the  distribution  ratio, 
the  solution  can  be  diluted  with  concentrated  hydrochloric  acid 
and  the  color  still  conforms  to  Beer’s  law. 

No  decomposition  of  xanthydrol  has  been  observed  in  toluene 
up  to  12  hours  after  reduction,  but  low  recoveries  were  obtained 
on  some  samples  when  the  toluene  layer  was  allowed  to  stand  for 
a  longer  time.  It  is  possible  that  the  observed  decomposition  is 
due  partly  to  oxidation  of  xanthydrol  to  xanthone,  because  a  re¬ 
newed  reduction  increases  the  yellow  color  upon  subsequent  acid 
treatment,  but  not  to  its  original  intensity.  Standard  solutions 
made  directly  from  xanthone  and  toluene  are  stable  for  at  least 
60  days. 


Table  I.  Recovery  of  Known  Amounts  of  Xanthone  Added  to 
Apples  Sprayed  with  Lead  Arsenate" 


V  ariety 

Weight  of 
Apples 

Xanthone 

Added 

Xanthone 

Recovered 

Recovery 

Grams 

Mg. 

Mg. 

% 

Jonathan  apples 

467 

10.0 

9.40 

94. 

467 

10.0 

10.0 

100. 

586 

25.0 

25.5 

102. 

Winesap  apples 

453 

2.00 

2.00 

100. 

524 

5.00 

5.00 

100. 

323 

50.0 

49.6 

99. 

Winesap  plugs 

142  sq.  cm. 

5.00 

4.90 

98. 

Av.  99.0 

°  Each  sample  contained  25  apples  or  80  plugs. 


Xanthydrol  Distribution  Ratios.  In  this  method  there 
are  two  distributions  of  xanthydrol,  between  toluene  and  water- 
methanol  solution  and  between  toluene  and  hydrochloric  acid. 
Both  distribution  ratios  have  been  found  to  be  constant  for  any 
total  amount  of  xanthydrol  up  to  50  mg.  for  the  former  and  0.6 
mg.  for  the  latter,  when  the  volumes  are  kept  as  specified  in  the 
method.  The  distribution  ratio  between  toluene  and  hydro¬ 
chloric  acid  was  not  studied  beyond  0.6  mg.,  because  the  inten¬ 
sity  of  color  at  the  corresponding  concentration  was  more  than 
sufficient  for  the  method.  Two  per  cent  of  the  xanthydrol  re¬ 
mains  in  the  water-methanol  solution,  and  77  per  cent  of  the 
total  is  transferred  to  the  hydrochloric  acid.  The  concentration 
of  the  hydrochloric  acid  is  not  too  critical,  since  experience  has 
shown  no  color  differences  in  the  range  of  34  to  36.5  per  cent  acid, 
and  whereas  the  use  of  lower  strength  acid  will  lead  to  lesser  color 
intensities,  constant  results  wall  be  obtained  if  the  standards  are 
treated  with  the  same  acid.  If  conditions  require  the  use  of 
volumes  other  than  those  specified,  a  new  standardization  curve 
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Figure  2.  Representative  Standard  Xanthone  Graph 


must  be  established.  Since  distribution  ratios  are  involved  in 
the  method,  it  is  imperative  that  all  volumes  be  measured  accu¬ 
rately. 

When  an  aliquot  is  taken  from  the  supernatant  toluene  layer, 
there  is  some  tendency  for  redistribution  of  the  xanthydrol  upon 
standing  2  hours  or  longer.  This  effect  is  the  more  pronounced 
the  larger  the  concentration  of  xanthydrol.  No  explanation  can 
be  given  for  this  change  in  distribution,  but  it  is  constant  for  any 
constant  volume  ratio.  If  the  procedure  is  followed  as  described, 
good  results  are  obtainable.  If  the  toluene  solution  is  to  be  re¬ 
tained  for  checking  color  development  on  the  same  day,  it  should 
be  separated  from  the  water-methanol  solution  before  an  aliquot 
is  removed. 

The  distribution  of  xanthydrol  between  toluene  and  hydro¬ 
chloric  acid  rapidly  comes  to  equilibrium,  but  as  a  check  one 
should  make  duplicate  determinations  at  this  point  in  the  proce¬ 
dure.  After  color  development  no  change  in  intensity  occurs, 
even  after  24  hours,  if  precautions  are  taken  with  respect  to 
apple-wax  concentration  in  the  toluene  as  described  in  the  next 
section. 

Interferences.  Apples  sprayed  with  lead  arsenate  alone 
and  stripped  for  5  minutes  in  toluene  gave  a  photometer  reading 
corresponding  to  that  given  with  0.1  microgram  of  xanthone  per 
square  centimeter.  Similar  samples  stripped  for  30  minutes  did 
not  show  an  interference  greater  than  0.15  microgram  per  square 
centimeter.  When  this  type  of  interference  was  tested  on  Delici¬ 
ous,  Rome,  and  Winesap  varieties,  no  significant  differences  were 
found.  The  blank  on  apple  plugs  is  also  negligible.  Xanthone 
deposits  of  22  micrograms  per  square  centimeter  dropped  to  1.6 
micrograms  after  weathering  for  4  weeks;  therefore,  if  any  de¬ 
composition  products  are  formed,  they  either  do  not  remain  on 
the  apple  or  do  not  cause  any  detectable  interference  with  the 
method. 

Apple  wax  does  not  interfere  in  the  reduction  of  xanthone. 
It  also  causes  no  interference  with  the  color  developed  in  hydro¬ 
chloric  acid  when  the  aliquot  of  strip  solution  is  10  ml.  or  less. 
It  is  possible  to  use  a  15-ml.  aliquot  or  even  20-ml.  with  early- 
season  apples,  but  if  turbidity  occurs  in  the  acid  phase,  the  wax 
concentration  in  toluene  must  be  reduced  in  some  way.  The 
yellow  color  developed  in  hydrochloric  acid  is  stable  for  24  hours 
or  more,  but  should  be  read  within  an  hour,  since  turbidity  may 
develop  on  long  standing.  This  effect  is  most  marked  when  the 
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toluene  is  in  contact  with  the  acid  layer  overnight  and  is  prob¬ 
ably  due  to  temperature  changes. 

Ground-glass  joints  are  preferred  for  the  reflux  reduction. 
Rubber  stoppers  may  be  used  if  they  are  boiled  in  normal  alkali 
for  15  minutes,  then  in  normal  sulfuric  acid  for  15  minutes  longer, 
and  finally  rinsed  well  with  distilled  water. 

Accuracy  and  Precision.  One  standard  graph  obtained  in 
this  investigation  is  given  in  Figure  2.  The  absorption  cells  used 
were  standard  test  tubes  (2-cm.  inside  diameter).  The  line  was 
fitted  by  the  method  of  least  squares.  The  standard  error  of 
estimate  for  the  points  on  this  line  is  ±6.7  micrograms.  Aliquots 
can  be  so  chosen  as  to  permit  readings  on  200  to  500  micrograms 
of  xanthone,  thus  allowing  reduction  of  the  percentage  standard 
error  to  3.3  or  less.  More  accurate  and  precise  results  can  be 
obtained  if  the  colored  solutions  are  read  in  cells  with  flat  optical 
windows,  since  the  test  tubes  used  in  this  work  vary  about  0.5  per 
cent  in  light  transmission. 


Recovery  experiments  were  run  by  adding  known  amounts  of 
xanthone  to  apples  that  had  been  sprayed  with  lead  arsenate,  and 
analyzing  by  the  described  procedure  (Table  I).  The  average 
recovery  from  seven  samples  was  99.0  per  cent,  which  is  not 
statistically  different  from  complete  recovery. 

The  completeness  of  removal  of  xanthone  from  Winesap  and 
Rome  apples  (collected  6  weeks  before  harvest)  was  also  studied 
by  submitting  samples  to  a  second  stripping  with  toluene.  The 
amount  of  xanthone  removed  by  the  second  treatment  was  cal¬ 
culated  after  allowing  for  the  amount  of  toluene  left  on  the  apples 
from  the  first  stripping.  Six  samples,  having  from  6  to  13  mg.  of 
xanthone  per  sample,  treated  in  this  manner,  showed  a  removal  of 
99  per  cent  or  better  with  the  first  5-minute  stripping  treatment. 
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Qualitative  tests  for  phenol  employing  ferric  chloride, 
hypochlorite,  or  the  reagents  of  Melzer,  Millon,  Lieber- 
mann,  Guareschi,  and  Cotton  have  been  modified  to  permit 
differentiation  between  phenol  and  o-,  m-,  and  p-cresol. 


THE  manufacture  and  use  of  phenol  and  cresol  on  a  large 
scale  have  furnished  an  incentive  for  investigating  the 
toxicity  and  metabolism  of  these  compounds,  and  these  investiga¬ 
tions,  in  turn,  have  called  for  a  review  of  analytical  methods 
useful  in  their  detection  and  estimation.  A  review  of  quantitative 
methods  for  the  estimation  of  phenol  in  biological  material,  in¬ 
cluding  a  spectrophotometric  procedure  for  the  quantitative  esti¬ 
mation  of  free,  conjugated,  and  total  phenol  in  tissues  and 
fluids,  has  been  published  {2,  3).  In  this  paper  qualitative  tests 
for  o-,  to-,  and  p-cresol  which  are  modifications  of  well  known 
qualitative  tests  for  phenol  are  described.  The  hypochlorite  test 
,  for  o-cresol  offered  here  has  apparently  not  been  recorded  before. 
,  A  single  test  or  a  combination  of  several  of  these  color  tests 
r  can  be  used  very  effectively  for  the  identification  of  phenol  or 
j  o-,  to-,  or  p-cresol,  if  the  unknown  solution  contains  only  one 
.  of  these  compounds.  If  the  unknown  contains  two  or  more  of 
these  substances,  positive  identification  of  each  compound  is  not 
always  possible;  m-cresol,  when  present  in  mixtures  in  a  low  con- 
{  centration,  is  particularly  apt  to  escape  recognition, 
j  In  analyzing  for  these  compounds,  even  though  each  substance 
gives  very  similar  color  reactions  in  high  and  in  low  concentra¬ 
tions,  it  is  best  to  prepare  and  test  dilutions  that  approach  the 
,  ranges  of  sensitivity.  These  concentrations  will  furnish  in  addi¬ 
tion  some  rough  idea  of  the  quantities  present. 


The  phenol  used  was  Merck’s  reagent  quality,  and  the  o-,  to-, 
and  p-cresol,  obtained  from  the  Eastman  Kodak  Company,  was 
believed  to  be  from  96  to  98  per  cent  pure.  The  melting  points 
of  these  cresols  are  30-31°,  10-11°,  and  32-34°  C.,  respectively. 


QUALITATIVE  TESTS 


Detection  of  Phenol  and  Derivatives  Containing 
Phenol-Hydroxy  Groupino.  The  sensitivity  of  Millon’s 
test  (7)  depends  to  some  extent  upon  the  quantity  of  mercury 


used  and  the  manner  of  preparing  the  reagent.  For  these 
studies  the  latter  was  prepared  by  dissolving  497  grams  of  mer¬ 
cury  in  700  ml.  of  nitric  acid  (sp.  gr.  1.42)  and  diluting  this 
solution  with  2  volumes  of  water.  One  milliliter  of  the  test 
solution  is  added  to  2  ml.  of  Millon’s  reagent. 

Phenol  and  o-cresol  when  present  to  about  1.0  mg.  per  ml., 
and  to-  and  p-cresol  when  present  to  about  0.5  mg.  per  ml., 
produce  a  red  color  almost  immediately  at  room  temperature. 
When  reduced  to  about  0.05  mg.  per  ml.,  each  of  these  com¬ 
pounds  produces  in  the  cold  or  on  careful  heating  a  straw-yellow 
color  which  is  destroyed  by  further  heating. 

Modification  of  Melzer’s  Benzaldehyde  Test  ( 6 )  for 
Detection  of  Phenol  and  o-,  m-,  and  p-Cresol.  Mix  1  ml.  of 
the  aqueous  solution  to  be  tested  with  2  ml.  of  concentrated  sul¬ 
furic  acid  (sp.  gr.  1.84),  and  after  cooling  under  the  tap  add  2 
drops  of  benzaldehyde.  Heat  over  a  flame,  cool,  and  add  10 
ml.  of  water  and  20  ml.  of  40  per  cent  potassium  hydroxide. 
The  sensitivity  of  this  test  is  about  1  mg.  per  ml.  of  solution. 

Modification  of  Guareschi’s  Test  ( % )  for  Distinguishing 
Phenol  and  p-Cresol  from  o-  and  to-Cresol.  Add  about  0.5 
gram  of  solid  potassium  hydroxide  and  3  drops  of  water  to  3 
ml.  of  a  chloroform  extract  containing  phenol  or  cresol,  then  warm 
and  observe. 

Straw-colored  (yellow)  globules  will  rise  and  the  potassium 
hydroxide  and  water  layer  will  assume  a  yellowish  tinge  on 
warming  if  phenol  or  p-cresol  is  present.  In  the  presence  of  o- 
or  m-cresol,  the  potassium  hydroxide  and  the  water  layer  will 
assume  a  pinkish  or  rose-red  color.  The  sensitivity  for  each  of 
these  compounds  is  about  4  mg.  in  3  ml.  of  extract. 

Ferric  Chloride  Test  ( 8 )  for  Detection  of  o-  and  p- 


Table  I.  Color  Changes 

Phenol  o-Cresol  to-Cresol  p-Cresol 

Changes  observed  in  5  minutes  after  addition  of  sulfuric  acid  and 
benzaldehyde 

Cloudy  olive  Cloudy  orange  Cloudy  yellow  Milky  white 

After  heating 

Cloudy  Cloudy  Cloudy  Cloudy 

reddish-brown  brownish-red  yellowish-brown  brownish-green 

After  cooling  and  addition  of  water  and  potassium  hydroxide 

Blue  or  violet  solution  and  pre-  Colorless  or  faintly  tan  colored 

cipitate  solution  and  precipitate 
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Cresol.  Add  2  drops  of  a  freshly  prepared  10  per  cent  aqueous 
solution  of  ferric  chloride  to  5  ml.  of  the  test  solution. 

Phenol  and  m -cresol  produce  clear  bluish-purple  colors,  o- 
cresol  produces  in  about  10  minutes  a  slightly  cloudy  urine 
yellow  or  brown  solution,  while  p-cresol  produces  a  cloudy  blue 
solution.  The  sensitivity  for  each  compound  is  about  10  mg.  in 
o  ml. 

Modification'  of  Liebermann’s  Test  ( 5 )  for  Detection  of 
P-Cresol.  To  3  ml.  of  the  unknown  aqueous  solution  add 
slowly  and  with  shaking  1  ml.  of  the  reagent  (6  per  cent  solution 
of  sodium  nitrite  in  concentrated  sulfuric  acid).  A  cloudy  orange 
solution  develops  in  about  5  minutes  if  p-cresol  is  present. 
Phenol  and  ??!-cresol  yield  clear,  and  o-cresol  very  slightly  cloudy 
brown  or  yellowish-brown  solutions.  The  sensitivity  of  this 
test  is  about  5  mg.  in  3  ml. 

Modification  of  Cotton’s  Test  ( 1 )  for  Detection  of  p- 
Cresol.  To  3  ml.  of  an  aqueous  solution,  add  1  ml.  of  concen¬ 
trated  ammonium  hydroxide  (sp.  gr.  0.901)  and  4  drops  of  the 
freshly  prepared  reagent  (10  ml.  of  concentrated  hydrochloric 
acid  and  0.5  gram  of  potassium  chlorate  added  to  40  ml.  of 
water). 

Phenol  and  o-  and  m-cresol  produce  in  5  to  10  minutes  clear 
light  blue  colore;  p-cresol  produces  a  clear  light  straw-yellow 
color.  The  sensitivity  is  about  10  mg.  in  3  ml.  of  solution. 

Hypochlorite  Test  for  Detection  of  o-Cresol.  To  5  ml. 
of  the  test  solution,  add  one  drop  of  sodium  hypochlorite  solution. 
In  the  presence  of  o-cresol  the  solution  will  immediately  turn  a 
cloudy  yellowish-white;  in  the  presence  of  phenol,  and  m-  and  p- 
cresol,  it  will  remain  clear  and  colorless.  The  sensitivity  is 
about  4  mg.  in  5  ml.  of  solution.  (Excess  of  hypochlorite  must 
be  avoided  because  it  may  produce  faint  cloudiness  with  p- 
cresol.) 


DISCUSSION 

It  is  reasonable  to  assume  that  all  reagents  discussed  in  this 
paper  will  also  react  with  some  compounds  other  than  phenol,  oi 
o-,  m-,  or  p-cresol.  Therefore  one  must  make  certain  that  the 
test  solution  is  comparatively  free  from  compounds  related  to 
phenol  or  cresol.  This  may  require  preliminary  precipitation,  ex¬ 
traction,  or  distillation  procedures. 

Millon’s  test,  even  though  it  makes  specific  differentiation  be¬ 
tween  phenol  and  the  three  cresols  difficult,  is  of  value  because  oi 
its  s implicit}',  as  a  preliminary  test.  This  should  be  followed  by 
the  modified  tests  of  Melzer  and  Guareschi,  which  will  identify 
the  compound.  The  conclusions  drawn  from  these  latter  two 
tests  may  be  checked  by  the  hypochlorite  and  ferric  chloride  teste 
or  by  the  modified  procedures  of  Liebermann  and  of  Cotton. 
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Stability  of  Standard  Solutions  of  Copper  Perchlorate  and 

Potassium  lodate 
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WHENEVER  sodium  thiosulfate  is  used  in  titration  work 
of  high  accuracy  frequent  restandardization  is  neces¬ 
sary.  In  order  to  avoid  the  troublesome  and  wasteful  necessity 
of  preparing  for  each  standardization  a  fresh  solution  of  a  primary7 
standard  [iodine,  potassium  iodate  (3),  copper  perchlorate  (3)], 
a  standard  in  the  form  of  a  solution  of  a  primary  substance  of  de¬ 
pendable  stability  is  desirable.  The  work  reported  here  deals 
with  the  possibility7  of  using  potassium  iodate  or  copper  perchlo¬ 
rate  ( 2 )  for  such  a  purpose. 

In  considering  the  stability  of  such  solutions  it  is  necessary7  to 
distinguish  between  changes  due  to  chemical  instability,  pre¬ 
sumably7  resulting  in  decrease  of  active  concentration,  and 
changes  due  to  evaporation  from  the  container,  which  will  cause 
increases  of  concentration.  In  the  study  of  Berman  (I),  for  in¬ 
stance,  on  the  stability7  of  potassium  iodate,  it  is  impossible  to 
distinguish  the  role  of  these  two  factors.  However,  his  data  sug¬ 
gest  that  evaporation  has  been  an  appreciable  factor  in  his  results, 
and  that,  in  some  cases,  an  apparent  stability7  has  resulted  from 
the  opposing  effects  of  evaporation  and  decomposition. 

In  a  recent  paper  (4)  on  the  stability7  of  sodium  thiosulfate  solu¬ 
tions  no  account  was  taken  of  the  possible  effect  of  evaporation. 
A  graphical  study  of  the  data  on  stability  shows  that  in  the  first 
60  days  there  is  approximately  a  0.3  per  cent  increase  in  normal¬ 
ity.  After  that  the  values  drop.  Again  two  antagonistic  tend¬ 
encies,  evaporation  and  decomposition,  tend  to  produce  a  false 
picture  of  the  stability  of  thiosulfate  solutions. 

The  evaporation  factor  can  be  eliminated  if,  at  the  beginning 
of  the  experiment,  samples  of  the  solution  to  be  examined  are 
pipetted  into  separate  flasks,  and  some  of  these  are  titrated  at 
once,  while  others  are  titrated  after  a  suitable  lapse  of  time.  The 
extent  of  evaporation,  on  the  other  hand,  can  be  measured  by7 


suitable  weighings  of  the  vessels  containing  stock  solutions.  I 
the  solution  is  chemically  stable,  it  is  then  possible  to  calculate  th( 
theoretical  normality  at  any  time  from  the  initial  normality  anc 
the  loss  of  weight  that  has  occurred. 

APPARATUS  AND  REAGENTS 

A  50-cc.  buret  and  one  10-cc.  pipet  were  carefully  calibratec 
and  were  used  throughout  the  experiments.  Details  of  th( 
preparation  and  use  of  the  copper  perchlorate  and  potassiun 
iodate  are  given  in  (3)  and  (3),  respectively. 

EXPERIMENTAL 

All  titrations  were  carried  out  in  duplicate.  The  amount  o 
active  substance  present  in  solutions  when  they  were  fresh,  an< 
after  they  had  stood  for  various  lengths  of  time,  was  alway7s  de 
termined  by  titration  with  thiosulfate  (0.025A),  newly  standard 
ized  against  two  freshly7  prepared  cupric  perchlorate  solutions  (3) 


Table  I.  Stability  of  0.1  N  Copper  Perchlorate  and 


Potassium 

Iodate  Solutions 

Days 

Normality 

Solution 

Standing 

Initial 

Final0 

Conditions 

Cu(C104)i 

565 

0.1007 

0.1002 

Thymol,  glass  stoppers 

565 

0.1007 

0.1004 

Glass  stoppers 

289 

0.0993 

0.0992 

Cork  stoppers,  spores  on  cork 

454 

0.0993 

0.0993 

KIOi 

565 

0.1027 

0.1021 

Glass  stoppers 

565 

0.1027 

0.1013 

Thymol^,  glass  stoppers 

565 

0.1027 

0 . 0983 

Cork  stoppers,  spores  on  corl 

289 

0.1007 

0.1002 

454 

0.1007 

0.1004 

°  Final  normality  calculated  on  basis  of  its  initial  volume. 

t>  Only  one  sample;  others  are  average  value  found  for  two  samples. 
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Table  II. 

Stability  of  Solutions  in  Glass-Stoppered  Bottles 

.  Days 

Loss  of  Weight  per 

100  Days 

Normality 

Calculated  Found 

Container 

Bottle 

Capacity 

Approximate 
Volume  of 
Solution 

%  of  weight  of 
solution  present 

Grams 

Cc. 

Cc. 

Copper  Perchlorate 

0 

0-85 

I  85-290 
1*90-355 

o'.  740 

0.679 

0.445 

1 "  2  i  8 

0.898 

0.534 

0.1011 

0.1026 

0.1033 

0.1005 

0.1013 

0.1025 

0.1034 

Glass-stoppered  Pyrex  about  12  years  old 

250 

155 

0 

0-85 

4  85-290 
K90— 455 

o!f>75 

0.488 

0.506 

l!ii2 

0.671 

0.576 

o!ioo9 

0.1019 

0.1028 

0.1003 

0.1009 

0.1023 

0.1034 

Glass-stoppered,  flint 

500 

165 

0 

4  0-185 

o'.ois 

0.021 

0. i 007 

0.1007 

0.1007 

Rubber  stopper,  Pyrex 

250 

120' 

0 

1  0-373 

I' 3— 1159 

O'.  033 

0.083 

0^048 

0.075 

o!o994 

0.1001 

0.0993 

0.0994 

0.0997 

Glass  stopper,  Pyrex,  sealed  with  paraffin 

250 

145 

Potassium  Iodate 

0 

0-85 

1 85-453 

O'.  053 

0.095 

o !  iii 

0.156 

o'.ioo7 

0.1011 

0.1007 

0.1007 

0.1010 

Glass  stopper,  flint  glass;  mold  after  several 
months 

500 

265 

0 

»  0-368 
*>68-768 

0^032 

0.021 

o[o64 

0.036 

o!io29 

0.1030 

0.1028 

0.1026 

0.1021 

Brown,  glass  stopper,  paraffined 

500 

195 

0 

0-157 

57-557 

0.051 

0.035 

0.083 

0.050 

0.1002 

0.1003 

0.1001 

0.1000 

0.0997 

Standard  interchangeable  glass  stopper,  Pyrex 

250 

160- 

0 

0-238 

0.021 

O’.  040 

0.1028 

0.1027 

0.1027 

Glass  stopper  and  ground-joint  cap  (“ether 
bottle”) 

500 

185 

0 

0-165 

o!  022 

o!o36 

O'.  1028 

0.1027 

0.1013 

Rubber  stopper 

250 

165 

0 

0-855 

O’.  130 

o '.  i  i  3 

o!io4o 

0.1028 

0.1037 

Flint,  glass  stopper,  turbid,  deposit  of  inorganic 
material  on  walls 

1  liter 

85 

In  the  experiments  summarized  in  Table  I,  10-cc.  samples  of 
;shly  prepared  cupric  perchlorate  and  potassium  iodate  solu- 
ins  were  pipetted  into  125-cc.  Erlenmeyer  flasks.  Some  solu- 
>ns  were  titrated  at  once,  while  other  flasks  were  closed  with 
her  glass  stoppers  or  fresh  cork  stoppers  and  protected  against 
st  by  paper  caps.  These  flasks  were  stored  in  the  laboratory  in 
labinet  that  was  opened  frequently  and  thus  provided  no  pro- 
Aion  against  possible  contamination  from  the  laboratory  at- 
Dsphere.  The  temperature  was  22  °  to  35  °  C.  The  last  of  these 
lutions  were  titrated  after  19  months.  As  a  possible  preven- 
>n  of  mold  growth,  about  10  mg.  of  thymol  were  added  to  some 
the  flasks. 


Table  III.  Effect  of  Storage  under  Conditions  of  Minimum 
Evaporation 


lution 

Days 

Loss  of  Weight 
per  100  Days 

Normality 
Initial  Final 

Conditions 

i(C10,b 

368 

%  Of 

weight  of 
solution 
present 

0.018 

Grams 

0.019 

0.1022 

0.1018 

Glass  stopper. 

10, 

392 

0.0018 

0.0018 

0.1002 

0.0999 

Pyrex 

Glass  stopper, 

Hint 


Table  I  shows  the  results.  It  appears  that  copper  perchlorate 

-  lutions  possess  a  high  degree  of  stability,  while  potassium  iodate 
lutions  show  a  pronounced  tendency  to  become  weaker.  In 
ther  case  thymol  has  a  harmful  effect,  presumably  because  it  is 
adized,  while  in  the  copper  perchlorate  solutions,  even  the 
•esence  of  black,  sporelike  spots  on  the  cork  stoppers  was  not 
;sociated  with  any  loss  of  titer. 

In  the  experiments  summarized  in  Table  II,  samples  of  freshly 
•epared  copper  perchlorate  and  potassium  iodate  solutions  were 
trated  with  thiosulfate.  The  remaining  portions  of  the  solu- 

-  jus  were  transferred  to  clean,  dry,  tared,  glass-stoppered  re¬ 
cent  bottles  and  weighed  with  an  accuracy  of  ±5  mg.  After 
anding  for  varying  periods  under  the  conditions  described 
Dove,  the  bottles  were  carefully  dusted  and  about  half  an  hour 

s..ter  weighed.  A  pair  of  10-cc.  samples  were  withdrawn  and 


titrated  as  above.  The  bottles  were  then  reweighed  and  the 
above  procedure  was  repeated  at  intervals.  From  the  data  given, 
one  can  readily  calculate  the  initial  weight  of  the  solutions.  In 
some  cases,  portions  of  the  solutions  were  removed  for  other  pur¬ 
poses.  The  bottles  were  weighed  before  and  after  such  removals 
and  due  corrections  were  applied  in  the  calculations. 

In  order  to  keep  evaporation  at  a  minimum  the  following  pro¬ 
cedure  was  tried.  A  tared  250-cc.  glass-stoppered  bottle  contain¬ 
ing  about  100  cc.  of  copper  perchlorate  solution  was  weighed. 
The  bottle,  placed  in  a  dry  beaker,  was  stored  in  a  desiccator  over 
a  portion  of  the  same  solution.  One  year  later  the  bottle  was 
taken  from  the  desiccator,  wiped,  and  carefully  weighed  as  be¬ 
fore.  Duplicate  10-cc.  samples  were  then  titrated.  A  potas¬ 
sium  iodate  solution  was  treated  in  the  same  manner.  A  com¬ 
parison  of  the  results  obtained  (Table  III)  with  those  shown  in 
Table  II  shows  that  by  the  use  of  good  glass-stoppered  or  rubber- 
stoppered  bottles  nearly  the  same  results  can  be  attained  as  by 
the  desiccator  method. 

CONCLUSIONS 

Solutions  in  glass-stoppered  bottles  may  lose  weight  by  evapo¬ 
ration.  This  loss  in  weight  has  a  tendency  to  give  some  types  of 
solutions  an  appearance  of  stability.  Results  of  experiments 
indicate  that  solutions  of  copper  perchlorate  are  more  stable  than 
those  of  potassium  iodate.  For  use  as  permanent  standards 
copper  perchlorate  solutions  should  be  stored  in  good  glass- 
stoppered  or  rubber-stoppered  bottles  (evaporation  losses  should 
be  determined  by  weighing,  and  normalities  should  be  corrected 
accordingly).  Iodate  solutions  must  be  stored  in  glass-stoppered 
bottles.  Thymol  should  not  be  used  as  a  preservative  for  either 
copper  perchlorate  or  potassium  iodate  solutions. 
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Semiautomatic  Pressure  Control  in  Low-Pressure, 
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THE  necessity  of  using  laboratory  personnel  manpower  to  the 
best  advantage  and  the  desire  continually  to  improve  the 
quality  of  fractional  analysis  have  led  to  the  installation  of 
automatic  (2)  and  semiautomatic  control  ( 1 ,  2,  4)  on  fractionat¬ 
ing  columns  in  many  laboratories.  In  the  past,  even  semi¬ 
automatic  pressure  control  ( 2 ,  8)  has  entailed  the  use  of  an  elabo¬ 
rate  device  installed  at  no  small  expense.  The  pressure  control 
devices  described  by  Bosschart  (1)  and  Podbielniak  (2)  employ 
compressed  air  for  dispensing  liquid  nitrogen  to  the  column  head 
by  means  of  electrically  operated  valves  controlled  by  electrical 
contacts  in  the  column  manometer. 


FigureJI.  Semiautomatic  Pressure  Control  Device 

A.  Throttling  valve 

B.  Liquid  nitrogen  dispenser 

C.  Column  condenser 

D.  Manual  control 

E.  Electrical  buzzer 


This  paper  describes  a  control  device  developed  in  this  labora¬ 
tory  from  materials  usually  available,  which  provides  a  simplified 
means  of  semiautomatic  control  for  low-temperature,  low-pressure 
laboratory  fractionating  equipment,  without  sacrificing  excellence 
of  control  or  ease  of  operation.  Its  outstanding  attributes  are 
simplicity  of  construction  and  low  cost.  The  device  may  be 
used  with  good  results  on  either  the  standard  low-temperature 
laboratory  fractionating  column  or  the  Podbielniak  Heli-Grid 
type  ( 3 ) ;  and  if  these  two  types  of  columns  are  connected  to  the 
same  manifold,  the  control  may  be  shifted  from  one  column  to  the 


other  simply  by  moving  the  nitrogen  flask.  No  other  chan 
in  the  pressure  control  mechanism  are  necessary. 

The  principal  features  of  the  control  device  are  shown 
Figure  1,  in  relation  to  the  fractionating  column.  Three 
sential  parts  of  the  mechanism  are  shown  in  detail:  the  throttl 
valve  in  Figure  2,  and  the  nitrogen  dispenser  and  nitrogen 
pander  in  Figure  3. 

THROTTLING  VALVE 

The  throttling  valve  (Figure  2)  is  an  extension  of  the  ot 
arm  of  the  column  manometer,  and  is  actuated  by  mercury  wl 
rises  out  of  the  manometer  and  into  the  valve,  causing  the  nee- 
a,  to  float  on  the  meniscus  of  the  mercury  column.  The  1 
on  top  of  the  needle  will  move  in  the  throat,  b,  of  the  valve  v 
rise  and  fall  of  mercury.  This  motion  will  restrict  the  freed 
of  a  stream  of  air  which  normally  exhausts  through  the  venl 
on  the  valve  and  must,  as  a  result  of  the  throttling  effect  of 
needle,  create  sufficient  pressure  within  the  nitrogen-dispens 
bottle  to  cause  a  discharge  of  liquid  nitrogen.  The  needle  ’ 
seek  an  equilibrium  position  in  the  throat  of  the  valve,  effect 
a  small  but  constant  discharge  of  nitrogen  just  sufficient 
control  the  pressure  in  the  column  and  maintain  it  with  v 
slight  fluctuation.  The  amount  of  mercury  in  the  manomt 
may  be  varied  to  produce  any  pressure 
plateau  desired  from  0  to  760  mm. 

The  dimensions  of  the  throttling  valve  are 
somewhat  arbitrary;  but  7-mm.  glass  tubing 
for  the  column  manometer  and  lower  sec¬ 
tion  of  the  control  valve  in  which  the  needle 
rides  was  found  to  give  satisfactory  results. 

The  following  dimensions  are  suggested: 
length  of  throat  section,  7.5  cm.;  diameter 
at  narrowest  section  of  throat,  2  to  2.5  mm.; 
length  of  needle,  9  cm.  The  throat  section 
can  be  drawn  down  to  proper  size  from 
10-  or  11-mm.  glass  tubing;  the  main  pre¬ 
cautions  are  to  keep  the  glass  circular  and 
as  thick  as  possible.  After  a  satisfactory 
throat  section  has  been  drawn,  it  should  be 
sealed  to  tubing  of  the  proper  size  (7  mm.). 

The  ball  on  top  of  the  needle  should  just 
pass  through  the  narrowest  section  of  the 
throat  without  sticking,  and  the  bottom  of 
the  needle  must  ride  freely  in  the  tube  on 
the  mercury  meniscus.  The  most  satisfac¬ 
tory  method  for  connecting  the  throttling 
valve  to  the  column  manometer  is  shown 
in  Figure  4.  The  three-way  stopcock  should 
be  at  least  25  mm.  below  the  760-mm.  mark 
on  the  meter  stick  to  allow  a  length  of  man¬ 
ometer  tube  to  take  care  of  pressure 
build-up  when  recharging  the  nitrogen 
bottle. 

The  needle  in  the  throttling  valve  de¬ 
scribed  above  never  seats,  but  allows  ex¬ 
haust  air  to  flow  through  at  all  times.  The 
movement  of  the  needle  in  the  tapered  sec¬ 
tion  varies  the  size  of  the  orifice  formed  by 
the  throttling  valve,  which  acts  to  control 
the  flow  of  exhaust  air,  thereby  producing 
control  of  pressure  within  the  nitrogen¬ 
dispensing  system.  The  position  of  the  ball 
on  the  needle  in  the  lower  tapered  section 
of  the  throat  of  the  valve  restricts  the  flow 
of  air  through  the  valve  just  enough  to 
create  sufficient  pressure  within  the  nitro¬ 
gen-dispensing  system  to  force  the 
amount  of  liquid  nitrogen  out  of  the 
liquid  nitrogen  flask  needed  to  control 
column  pressures  and  to  maintain  liq¬ 
uid  reflux  in  the  column.  As  the  nitro¬ 
gen  level  in  the  flask  decreases,  more 
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Dewar  flask 
Porcelain  conduit 
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Air  intake  tube 
Heating  element 
Electrical  lead  wires 


m.  Discharge  tube 

n.  Nitrogen  expander 

o.  Asbestos  string  packing 

p.  Liquid  nitrogen  intake  tube 

q.  Spent  nitrogen  exhaust  tube 


essure  is  required  in  the  flask  to  force  the  liquid  nitrogen 
t;  this  extra  pressure  is  furnished  automatically  by  the  valve, 
ice  the  ball  on  the  needle  merely  assumes  a  position  further  up 
e  throat,  further  restricting  the  flow  of  air.  Within  reason- 
le  limits,  the  rate  of  furnishing  compressed  air  to  the  nitrogen- 
spensing  system  produces  no  difficulties  to  operation,  since  the 
edle  in  the  throttling  valve  automatically  adjusts  itself  to  a 
sition  suitable  for  operation  at  a  given  rate  of  air  flow.  The 
te  of  air  flow  is  usually  set  to  permit  the  ball  of  the  needle  to 
erate  at  a  point  about  1  to  1.5  cm.  below  the  narrowest  section 
the  throat.  Since  the  nitrogen  expander  has  been  designed 
permit  rapid  response  of  column  pressure  to  the  addition  of 
oling  agent,  the  throttling  valve  is  capable  of  automatically 
ntrolling  the  column  pressure  within  very  narrow  limits  of 
ictuation. 

LIQUID  NITROGEN  DISPENSER 

The  nitrogen-dispensing  unit  shown  in  detail  in  Figure  3  (left) 
t  contained  in  a  quart-size,  wide-mouthed  Dewar  flask.  An  air 
take  tube,  i,  a  nitrogen  discharge  tube,  m,  and  electrical  leads, 
are  sealed  into  the  flask  by  means  of  a  rubber  stopper,  h, 
d  a  porcelain  conduit,  g,  for  the  electrical  lead  wires.  Air 
rich  has  been  induced  to  flow  into  the  Dewar  flask  as  a  result 
the  action  of  the  throttling  valve  will  force  liquid  nitrogen  up 
into  contact  with  the  heating  element,  j,  which  being  relatively 
it  flash-vaporizes  a  small  portion  of  the  liquid  nitrogen,  and 
ie  sudden  expansion  of  the  vapor  forcibly  ejects  the  liquid 
trogen  from  the  discharge  end  of  the  tube.  The  increments 
<  liquid  nitrogen  discharged  in  this  manner  are  of  small  size, 
ice  the  flash-vaporization  occurs  before  any  large  quantity 
n  find  its  way  into  the  upper  portion  of  the  discharge  tube, 
ie  heating  element  in  the  discharge  tube  will  continue  to  expel 
I  trogen  in  small  bursts,  at  rapid,  regular  intervals,  which  are 
ilgulated  as  regards  amount  of  nitrogen  and  time  interval  by 
j  e  pressure  brought  to  bear  by  the  throttling  valve,  which  in 

-  rn  reflects  the  need  of  the  column  for  cooling  agent. 

The  heating  element  can  be  made  from  8.75  cm.  (3.5  inches)  of 
'jio.  26  Chromel  resistance  wire,  sufficient  to  make  a  heater 
bich  extends  from  just  below  the  rubber  stopper  to  the  bend 
He  the  top  of  the  discharge  tube.  During  an  analysis  it  is  neces- 
jf.ry  to  vary  the  amount  of  current  in  the  heating  element;  this 
n  be  done  with  a  small  2-ohm,  5-ampere  rheostat  if  a  potential 

-  .  6  to  9  volts  is  being  used.  The  discharge  tube,  m,  should  be 
s  ade  of  9-mm.  glass  tubing  sealed  as  it  enters  the  rubber  stopper 

capillary  tubing  having  2.5-  to  3-mm.  inside  diameter.  Cap- 
x  ary  tubing  smaller  than  2.5  mm.  cannot  be  used  successfully, 


as  the  large  resistance  offered  to  the  flow  of  nitrogen  makes  it 
necessary  to  maintain  an  unduly  large  pressure  in  the  Dewar 
flask  in  order  to  force  over  sufficient  nitrogen. 

The  heating  element  in  the  liquid  nitrogen  dispenser  is  useful 
for  reducing  the  fluctuation  in  column  pressure  during  the 
fractionation  of  methane  and  ethane,  since  it  tends  to  cause  de¬ 
livery  of  the  cooling  agent  to  the  column  head  in  the  form  of  a 
more  nearly  continuous  stream  of  dropwise  increments  of  liquid 
nitrogen  automatically  adjusted  to  meet  the  column  require¬ 
ments.  For  separating  the  components  propane  through  hexane 
the  throttling  valve  usually  affords  satisfactory  control  of  column 
pressure.  The  use  of  the  heating  element  in  the  liquid  nitrogen 
dispenser  appears  to  cause  very  little  if  any  significant  increase 
in  the  liquid  nitrogen  requirements  for  fractionating  methane 
and  possibly  ethane.  Since  only  a  small  portion  of  the  liquid 
nitrogen  is  vaporized  by  the  heater  while  fractionating  methane, 


Figure  4.  Connection  of  Throttling 
Valve  to  Column  Manometer 
r.  Pinch  clamp 
*.  Three-way  stopcock 
t  Throttling  valve 
o.  Valve  on  compressed  air  line 
y.  Manual  control  button 
x.  Electrical  buzzer 


the  more  uniform  manner  of  dispensing  nitrogen  to  the  column 
head  enables  better  operation  of  the  column  and  more  efficient 
use  of  the  cooling  agent,  thereby  partially  compensating  for 
the  nitrogen  requirements  of  the  heater. 

NITROGEN  EXPANDER 

In  designing  the  nitrogen  expander  (Figure  3,  right)  and  the 
nitrogen  intake  tube,  it  is  important  to  keep  in  mind  that  the 
liquid  nitrogen  should  be  conducted  from  the  Dewar  flask  to 
make  contact  with  the  distilling  tube  by  the  shortest  possible 
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route  and  should  in  no  case  pass  through  a  difficult  path  before 
making  contact.  The  intake  tube,  p,  should  be  a  continuation  of 
tube  m  in  the  nitrogen  flask,  and  should  have  the  same  inside 
diameter  (2.5  mm.).  Expander  n  is  machined  from  a  solid 
piece  of  metal,  and  is  supported  by  small  pieces  of  rubber  or 
felt  inside  the  column  condenser.  This  type  of  expander  allows 
the  nitrogen  to  contact  the  distilling  tube  immediately,  and 
conducts  any  excess  nitrogen  away  from  the  distilling  tube  where 
it  may  vaporize  without  causing  excessive  cooling  near  the 
tube.  The  packing,  o,  is  asbestos  string  wound  around  the 
distilling  tube  and  pressed  into  place.  Precautions  must  be 
taken  to  prevent  water  from  accumulating  in  the  nitrogen  ex¬ 
pansion  chamber  or  around  the  distilling  tube. 

TECHNIQUE  OF  OPERATION 

During  the  time  that  a  sample  is  introduced  into  the  fractionat¬ 
ing  column,  the  throttling  valve  controller  should  be  cut  out  by 
turning  the  stopcock  (s,  Figure  4).  After  sampling  is  completed 
and  the  kettle  allowed  to  warm  up,  clamp  r  should  be  released 
from  the  leveling  bottle  and  may  be  closed  again  when  the  de¬ 
sired  pressure  is  reached.  At  some  time  during  the  period  when 
pressure  is  building  up,  valve  v  should  be  opened,  causing  a  small 
stream  of  air  to  flow  through  the  throttling  valve.  The  condenser 
head  on  the  column  is  next  brought  to  proper  temperature, 
using  the  manual  control  button,  y,  and  should  be  at  temperature 
when  the  throttling  valve  controller  is  cut  in. 


Soon  after  the  throttling  valve  controller  is  cut  in,  the  nitrog 
bottle  should  be  inspected  for  leaks  around  the  stopper  and  speci 
care  taken  to  see  that  a  smooth  connection  is  made  betwe 
the  discharge  tube  in  the  nitrogen  bottle  and  the  tube  to  tl 
column  head. 

If  the  sample  being  analyzed  contains  methane,  it  may  be  c 
sirable  to  build  up  reflux  in  the  column  with  the  manual  conti 
button,  and  cut  in  the  throttling  valve  controller  after  the  colur 
has  become  completely  wet. 

An  operator  must  be  present  to  adjust  the  take-off  rate  val 
at  the  various  cut  points  and  to  record  the  necessary  da 
The  buzzer,  z,  signals  the  operator  when  the  nitrogen  bottle 
empty,  or  if  for  any  other  reason  the  column  condenser  is  r 
being  supplied  with  sufficient  nitrogen.  With  a  suitable  ; 
rangement  of  laboratory  equipment  it  is  frequently  possible  1 
one  operator  to  operate  two  columns  simultaneously. 
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Color  of  Aqueous  Potassium  Dichromate  Solutions 

R.  E.  KITSON  with  M.  G.  MELLON 
Purdue  University,  Lafayette,  Ind. 


A  spectrophotometric  study  has  been  made  of  the  color 
of  aqueous  potassium  dichromate  solutions,  including  the 
effect  of  pH  and  of  the  concentration  of  acid,  base,  and  di¬ 
chromate.  All  these  variables  have  an  effect  on  the  color 
of  the  solutions,  and  any  recommendations  of  potassium 
dichromate  solutions  as  permanent  colorimetric  standards 
should  specify  the  exact  nature  of  the  solution. 

AQUEOUS  solutions  of  potassium  dichromate  and/or  potas- 
/  \  sium  chromate  are  recommended  as  permanent  colorimetric 
standards  in  a  number  of  colorimetric  methods  involving  un¬ 
stable  yellow  colors.  Examples  are  the  following  procedures: 
silica  as  molybdisilicic  acid,  residual  chlorine  in  water,  carotene, 
and  varnish.  In  spite  of  these  widespread  uses,  little  work  has 
been  done  on  the  color  of  potassium  dichromate  and  potassium 
chromate  solutions,  especially  the  effect  on  them  of  such  variables 
as  pH  and  the  kind  and  amount  of  acid  or  base  added. 

Hantzsch  and  Clark  (5),  Neuss  and  Rieman  (/),  Sherrill  (5), 
Vosburgh  and  Cooper  (7),  and  others  have  studied  the  chromate- 
dichromate  relationship  from  the  standpoint  of  the  ionic  equilibria 
involved  rather  than  the  color  of  the  solutions.  Swank  and 
Mellon  ( 6 )  pointed  out  the  necessity  of  buffering  potassium  chro¬ 
mate  solutions  at  pH  9  to  secure  color  matches  with  molybdisilicic 
acid. 

The  present  spectrophotometric  study  was  undertaken  to  de¬ 
termine  the  effect  of  pH,  various  acids  and  bases,  and  dichromate 
concentration  on  the  color  of  aqueous  potassium  dichromate  solu¬ 
tions. 

EXPERIMENTAL  WORK 

Apparatus  and  Solutions.  Transmittancy  measurements 
were  made  in  1.000-cm.  cells  with  a  General  Electric  recording 


spectrophotometer,  adjusted  for  a  spectral  band  width  of  eit 
5  or  10  m/i.  In  case  of  colored  reagents,  these  solutions  v 
used  in  the  reference  cell.  Otherwise,  redistilled  water  sen 
All  pH  measurements  were  made  with  a  glass  electrode  asseml 

Stock  solutions  of  potassium  dichromate  were  prepared  fi 
twice  recrystallized  salt  and  redistilled  water.  Two  solutic 
containing  10.00  grams  per  liter  and  12.50  grams  per  100  j 
were  used.  A  series  of  Clark  and  Lubs  buffer  solutions  was  ] 
pared  according  to  the  directions  of  Clark  ( 2 ). 

Effect  of  pH  on  the  Color  of  Potassium  Dichrom 
Solutions.  To  study  the  effect  of  pH  on  the  chromate-dicl 
mate  system,  the  desired  amount  of  potassium  dichromate  si 
tion  was  pipetted  into  a  50-ml.  volumetric  flask,  and  then 
luted  to  the  mark  with  a  buffer  of  the  desired  pH.  The  cont( 
were  mixed  and  allowed  to  sit  a  few  minutes  to  ensure  equilibri 
The  spectral  transmission  curve  and  the  pH  were  then  de 
mined. 

In  general,  dichromate  solutions  at  a  low  pH  have  an  ora 
hue,  while  those  at  a  high  pH  are  yellow.  These  colors  are  c 
monly  associated  with  the  dichromate  and  chromate  ions, 
spectively.  An  intermediate  range  exists  in  which  the  hue  is 
tremely  sensitive  to  small  changes  in  pH.  At  low  dichron 
concentrations  this  intermediate  range  extends  from  pH  5  t 
as  shown  in  Figure  1.  At  higher  concentrations,  the  range  si 
upward,  being  from  pH  6  to  8  at  2.0  mg.  of  potassium  dichron 
per  ml. 

At  low  concentrations  of  salt  the  series  of  solutions  at  var 
pH  values  has  an  isobestic  point  ( 1 )  (Figure  1).  With  diffe 
concentrations  of  dichromate,  the  transmittancies  of  this  p 
vary  according  to  Beer’s  law.  The  wave  length  at  this  point 
creased  from  444  m/i  at  0.2  mg.  to  440  m/t  at  1.0  mg.  of  die 
mate  per  ml.  At  concentrations  greater  than  1.0  mg.  per  ml. 
absorption  is  too  high  at  these  wave  lengths  to  show  the  poiii 

Effect  of  Acids.  In  studying  the  effect  of  various  acids, 
in  all  subsequent  work,  the  following  procedure  was  used: 
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The  dichromate  solution  was  pipetted  into  a  50-ml.  volumetric 
isk,  the  acid  or  base  added,  and  the  solution  diluted  to  the  mark 
,  room  temperature  with  water.  In  case  the  water  could  not  be 
Ided  to  the  concentrated  acid,  approximately  the  desired 
mount  was  added  to  the  flask  before  the  acid.  The  transmit- 
incy  curves  were  determined  within  an  hour  after  making  the 
ial  volume  adjustments. 

i  With  single  acids  two  dichromate  concentrations  were  used: 
4  and  5.0  mg.  per  ml.  The  former  was  low  enough  to  show  the 
ilatively  flat  portion  of  the  transmittancy  curve  near  440  m/x, 
id  to  observe  the  effect  of  acid  upon  it.  The  latter  was  high 
lough  so  that  this  part  of  the  curve  did  not  appear.  The  acid 
mcentration  varied  from  none  to  concentrated  acid. 


i 

J I 

j 

i 

It  i 


1  With  mixed  acids  only  one  concentration  of  dichromate  was 
jsed:  0.4  mg.  per  ml.  The  total  acid  concentration  did  not  ex¬ 
ceed  that  likely  to  be  encountered  in  general  analytical  practice. 
With  the  binary  mixtures  5  ml.  of  each  acid  per  50-ml.  final  volume 
was  the  maximum,  while  with  the  ternary  and  quaternary  mix¬ 
tures  the  maximum  of  each  acid  was  limited  to  3  ml. 


Si 


: '  Lack  of  space  prevents  presentation  or  adequate  description  of 
all  the  transmittancy  curves.  An  attempt  is  made  in  the  follow¬ 
ing  paragraphs  to  summarize  their  characteristics: 

4  Sulfuric  Acid.  Potassium  dichromate  solutions  containing 
sulfuric  acid  show  the  greatest  variation  in  color  of  any  of  the 
.  acids  used.  With  a  low  concentration  of  dichromate,  small 
amounts  of  acid  give  a  very  definite  minimum  in  the  curve  near 
440  m/x,  the  wave  length  of  the  minimum  being  related  to  the 
:  acidity  (Figure  2).  Larger  amounts  of  acid,  up  to  9 M,  cause  no 
great  change.  Between  9  and  HAf,  however,  the  hue  of  the  solu¬ 
tions  changes  from  orange  to  orange-red,  and  the  minimum  point 
in  the  curve  disappears.  As  the  acidity  is  increased  further, 
-  there  is  a  shift  toward  an  orange-brown  hue,  with  no  striking 
:  change  in  the  curve. 

A  high  concentration  of  dichromate  behaves  similarly,  but 
there  is  no  minimum  in  the  curve  at  concentrations  much  greater 
than  1  mg.  of  dichromate  per  ml.  because  of  complete  absorption 


where  the  minimum  should  be.  Even  a  small  amount  of  acid 
shifts  the  entire  curve  toward  longer  wave  lengths.  Then  acidi¬ 
ties  on  up  to  9  A/  have  little  effect  on  the  color;  but  between  9 
and  12M  the  color  changes  from  orange-red  to  brown.  Above 
12  A/  there  is  little  further  color  change. 

Nitric  Acid.  With  a  low  dichromate  concentration  solutions 
containing  nitric  acid  show  the  first  of  the  two  color  changes  noted 
with  sulfuric  acid-potassium  dichromate  solutions.  The  mini¬ 
mum  near  440  mju  appears  when  the  acidity  reaches  5 M ,  and  the 
intensity  of  the  minimum  increases  with  increasing  acidity.  \\  ith 
a  high  dichromate  concentration  the  entire  curve  shifts  to  longer 
wave  lengths  as  the  nitric  acid  concentration  increases.  The 
brown  color  noted  with  sulfuric  acid  does  not  appear. 

Phosphoric  Acid.  Qualitatively  phosphoric  acid  has  much  the 
same  effect  on  the  dichromate  color  as  nitric  acid,  but  quantita¬ 
tively  it  differs  considerably.  With  a  low  dichromate  concen¬ 
tration  the  minimum  near  440  m/x  is  definite  with  0.3 M  acid. 
Increasing  the  acidity  to  1.0 A/  increases  the  intensity  greatly, 
but  higher  acidities  cause  little  further  change.  The  transmit¬ 
tancy  curve  for  high  dichromate  concentrations  shifts  to  longer 
wave  lengths  with  small  amounts  of  acid,  but,  as  before,  amounts 
greater  than  1.0 M  have  little  additional  effect. 

Perchloric  Acid.  With  a  low  dichromate  concentration,  this 
acid  has  little  effect  on  the  color.  The  minimum  in  the  trans- 
mittancy  curves  does  not  appear,  but  the  percentage  transmit¬ 
tancy  of  the  horizontal  portion  of  the  transmittancy  curve  in¬ 
creases  slightly  with  increased  acid  concentration.  In  the  pres¬ 
ence  of  larger  amounts  of  potassium  dichromate,  a  precipitate, 
presumably  potassium  perchlorate,  appears. 

Acetic  Acid.  Dichromate  solutions  containing  acetic  acid 
show  changes  similar  to  those  with  nitric  acid.  The  magnitude 
of  the  changes  is  greater  than  those  with  nitric  acid,  although  not 
so  large  as  the  corresponding  changes  with  sulfuric  acid. 

Hydrochloric  Acid.  Although  it  is  generally  assumed  that  po¬ 
tassium  dichromate  does  not  oxidize  hydrochloric  acid  in  aqueous 
solution,  the  yellow  color  of  solutions  which  contain  0.4  mg.  of 
potassium  dichromate  per  ml.  and  which  are  9M  or  stronger  in 
acid  disappears  within  5  minutes  after  addition  of  the  acid. 

Because  of  this  reaction,  which  proceeds  at  a  slower  rate  in 
more  weakly  acidic  solutions,  hydrochloric  acid  solutions  of  po¬ 
tassium  dichromate  fade  and  should  not  be  used  as  permanent 
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standards.  A  solution  0.8 M  in  acid  fades  about  2  per  cent  in  48 
hours,  and  one  0.4M  in  acid  fades  to  the  same  extent  in  a  month. 

If  the  fading  of  the  solution  is-  overlooked,  hydrochloric  acid 
affects  the  color  in  a  manner  similar  to  nitric  acid.  The  minimum 
appears  at  0.4M  acid,  and  as  the  acid  concentration  increases  the 
minimum  is  more  marked. 

Binary  Mixtures.  Binary  mixtures  containing  small  amounts 
of  phosphoric  acid  and  one  of  the  other  acids  show  very  definite 
minima,  near  440  mpt.  Changes  in  the  concentration  of  the 
second  acid  have  only  a  small  effect  on  the  color  of  the  solution. 
The  minimum  is  present  in  the  transmittancy  curve  even  if  the 
second  acid  is  nitric  or  perchloric  acid,  neither  of  which,  alone  and 
at  low  concentrations,  causes  the  minimum  to  appear. 

Mixtures  of  either  perchloric  or  nitric  acid  and  sulfuric  acid 
show  limited  minima  formation  at  low,  and  definite  minima  at 
higher,  sulfuric  acid  concentrations. 

Mixtures  of  nitric  and  perchloric  acid  show  no  minima  in  the 
transmittancy  curve. 


Figure  3.  Effect  of  Potassium  Dichromate 
Concentration  on  the  Color  of  Solutions 
in  1.5M  Phosphoric  Acid 


Ternary  Mixtures.  Solutions  containing  small  amounts  of 
phosphoric  acid  with  two  other  acids  show  a  very  definite  mini¬ 
mum  near  440  mjt  in  the  transmittancy  curve.  The  intensity  of 
the  minimum  is  not  much  affected  by  small  changes  in  the  concen¬ 
tration  of  either  or  both  of  the  other  acids. 

Solutions  not  containing  phosphoric  acid  show  a  limited  mini¬ 
mum  formation,  and  the  intensity  of  the  minimum  is  affected  by 
changes  in  the  concentration  of  the  other  acids.  Increases  in 
sulfuric  acid  concentration  increase  the  minima,  while  increases 
in  nitric  and/or  perchloric  acid  decrease  them. 

Quaternary  Mixtures.  The  spectrophotometric  curves  for  all 
the  quaternary  mixtures  tested  were  virtually  the  same,  and  all 
showed  a  pronounced  minimum  near  440  mju. 

Effect  of  Dichromate  Concentration.  The  range  of  con¬ 
centration  for  measurements  of  dichromate  solutions  in  1-cm. 
cells  depends  on  the  amount  and  kind  of  acid  used,  and  the  wave 
length  at  which  the  measurements  are  made.  With  1-cm.  cells, 
measured  at  the  wave  length  of  minimum  transmission,  0.02  to 


1.2  mg.  of  potassium  dichromate  per  ml.  can  be  determined  i 
solutions  1.8M  in  sulfuric  acid  or  1.5M  in  phosphoric  aci 
(Figure  3).  Beer’s  law  is  valid  over  the  entire  range  in  bot 
cases.  With  1.6M  nitric  acid,  1.7 M  acetic  acid,  or  0.9 AT  pei 
chloric  acid,  0.02  to  0.9  mg.  of  potassium  dichromate  per  ml.  ca 
be  determined  if  the  measurements  are  made  in  1-cm.  cells  at  43 
mm.  Beer’s  law  is  valid  only  to  0.6  mg.  per  ml.  for  these  solution: 

If  the  dichromate  solution  is  adjusted  to  pH  2  or  9,  and  tb 
transmittancy  measurements  are  made  in  1-cm.  cells  at  440  m 
the  measurable  range  is  0.02  to  1.0  mg.  per  ml.,  Beer’s  law  bein 
valid  over  the  entire  range. 

Effect  of  Base.  In  this  study  the  same  experimental  proc< 
dure  was  followed  as  with  the  acids.  A  freshly  prepared  soli 
tion,  8 M  in  sodium  hydroxide,  served  as  the  source  of  the  base. 

After  enough  base  has  been  added  to  convert  the  dichromat 
to  chromate,  addition  of  an  excess  has  little  effect.  Solutions  8fl 
in  base  show  a  very  slight  greenish  tint. 

DISCUSSION 

Solutions  of  potassium  chromate  and/or  potassium  dichroma  1 
used  as  permanent  colorimetric  standards  should  be  buffered  to 
definite  pH.  In  the  case  of  the  intermediate  pH  values,  the  bu 
fer  should  have  a  high  capacity,  since  small  changes  in  pH  make 
large  change  in  the  color.  At  either  a  high  or  low  pH  this  is  nc 
so  important. 

It  is  necessary  to  specify  both  the  kind  of  acid,  or  acids,  and  th 
amount  of  each  when  acidified  dichromate  solutions  are  use< 
If  the  phosphoric  acid  is  more  than  0.3 M,  small  variations  in  tb 
concentration  of  a  second,  third,  or  fourth  acid  will  not  seriousl 
change  the  color  of  the  solution.  Solutions  containing  hydrc 
chloric  acid  are  not  suitable  for  permanent  standards. 

A  high  concentration  of  base  should  be  avoided,  since  it  attack 
glass  and  causes  turbidity.  A  low  concentration  (pH  9  or  1( 
gives  the  same  color,  with  much  less  attack  on  the  container. 

The  isobestic  points  probably  have  some  significance  in  tern 
of  the  ionic  equilibria  involved.  Clark  ( 1 )  states  that  an  isobest: 
point  is  an  intersection  of  all  isohydric  curves,  and  “consequentl 
the  probability  of  occurrence  is  low  unless  two  colored  con 
pounds  and  two  only  have  some  intimate  relationship”.  Such 
point  in  the  chromate-dichromate  transmission  curves  seems  t 
indicate  that  only  two  ions  are  significantly  involved  in  tl 
equilibrium  transformation.  Three  ions  have  been  postulate 
for  this  system,  CrCh  ,  HCrOw,  and  Cr207  ,  the  reactions  ii 

volved  being 

C1O4  +  H+  ;=±  HCrOr  C 

2HCrOr  ^  Cr207—  +  H20  (1 

The  isobestic  point  would  seem  to  indicate  that  Reaction  1  is  1 
major  importance,  since  it  alone  involves  hydrogen  ions.  Calci 
lations  from  the  data  of  Neuss  and  Rieman  (4)  show  that  88  p 
cent  of  the  dichromate  ion  in  a  solution  containing  1  mg.  of  p 
tassium  dichromate  per  ml.  should  react  to  give  the  HOO4-  io 
If  these  data,  and  the  facts  about  isobestic  points,  are  correc 
the  absorption  spectra  of  the  HCrOw  and  Cr207  ions  should  1 
similar,  since  conversion  of  one  form  to  the  other  has  little  effe 
on  the  over-all  transmittancy. 
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Gravimetric  Determination  of  Tungsten 

With  Anti-1 ,5-di-  (p-methoxyphenyl)-l  -hydroxylamino-3-oximino-4-pentene 

JOHN  H.  YOE  AND  A.  LETCHER  JONES1 
University  of  Virginia,  Charlottesville,  Va. 


A  new  organic  compound  has  been  developed  as  a  reagent 
for  the  gravimetric  determination  of  tungsten.  Its  physical 
and  chemical  properties  have  been  investigated  and  pro¬ 
cedures  are  given  for  its  use  in  the  determination  of  tungsten 
in  ores  and  alloys.  Determinations  of  tungsten  with  the 
new  reagent  are  equivalent  in  accuracy  to  the  standard 
cinchonine  method. 


pressly  for  this  work,  was  observed  to  form  a  highly  insoluble 
yellow  precipitate  with  tungstate  ions  (W04  )  in  acid  solution. 

A  detailed  investigation  revealed  that  this  new  compound  com¬ 
bines  with  the  tungstate  ion 


ch3o/  \ch— ch2— c— ch=ch/"  Noch, 

X— /|  II  N - ' 

HONH  NOH 


MOST  procedures  for  the  gravimetric  determination  of  tung¬ 
sten  involve  separation  of  the  major  portion  of  the  ele- 
ent  from  solution  as  tungstic  acid,  H5W04,  by  strong  mineral 
id  treatment,  and  recovery  of  the  small  amount  remaining  in 
lution  by  means  of  an  organic  precipitant.  Cinchonine  is  gen- 
ally  used  for  this  purpose.  Present  governmental  restrictions 
1  the  sale  of  cinchonine  for  analytical  purposes  and  the  increas- 
g  number  of  applications  of  tungsten  and  tungsten  alloys  to 
dustrial  uses  make  the  introduction  of  an  effective  and  easily 
itainable  reagent  for  tungsten  particularly  desirable  at  this 
me. 

This  paper  describes  a  new  organic  reagent  for  tungsten, 
iti  -1,5  -  di  -  (p  -  methoxyphenyl)  - 1  -  hydroxylamino  -  3  -  ox- 
aino-4  pentene,  first  synthesized  in  this  laboratory  and  applied 
,  the  analysis  of  a  variety  of  tungsten  ores  and  alloys  with  highly 
itisfactory  results.  The  compound  may  now  be  obtained  from 
aMotte  Chemical  Products  Co.,  Towson  4,  Baltimore,  Md. 


in  a  definite  ratio  of  one  molecule  of  reagent  to  one  tungstate 
ion  and  that  this  reaction  may  be  applied  to  the  gravimetric 
determination  of  tungsten. 


NATURE  OF  REACTION  WITH  TUNGSTATE  ION 

The  exact  mechanism  by  which  the  reagent  combines  with  the 
tungstate  ion  to  form  the  insoluble  complex  is  not  known  with 
certainty.  It  is  possibly  a  salt-forming  reaction : 


CH,0/  ^>CH— CHr-C— CH=CH<^  ^>OCH8  +  H*W04 

HONH  NOH 

CH,0<^~^CH— CHr— C— CH==CH<^  ^>OCH, 


HONH2  HNOH 
*[W04]=*= 


Various  organic  reagents  for  the  gravimetric  determination  of 
t  mgsten  have  been  proposed  since  Lefort  (13)  first  reported  in 
381  that  quinine  acetate  would  precipitate  tungstates  from  solu- 
on.  Cremer  ( 1 )  reported  the  cinchonine  reaction  in  1895,  but 
was  not  applied  to  actual  analyses  until  about  20  years  later 
k  hen  Low  (14)  developed  a  gravimetric  procedure  employing 
nchonine  as  a  precipitant  for  tungsten.  Jannasch  and  Bett- 
:  as  (8)  used  hydrazine  hydrochloride  and  strong  hydrochloric 
cid  to  precipitate  tungsten  but  separations  were  not  complete  by 
ais  method.  Knorre  (11)  found  benzidine  hydrochloride 
•ightly  better  than  hydrazine  hydrochloride  but  still  not  en- 
‘  rely  satisfactory. 

I!  Other  investigators  have  proposed  a  variety  of  gravimetric  or- 
anic  reagents:  a-naphthylamine  and  cumidine  (23),  tetra- 
,iethyl-p-diaminodiphenylmethane  (10,  20),  1,4-diphenylendani- 
jdihydrotriazole  (Nitron)  (4),  quinoline  (15),  tannin  (16,  21), 
henylhydrazine  hydrochloride  (2),  8-hydroxyquinoline  (5, 9, 18), 

:  anillylidene-benzidine  (7),  and  rhodamine  B  (17).  None  of 
-  hese  reagents  has  proved  sufficiently  effective  to  replace  cin- 
honine  as  the  preferred  reagent  in  standard  procedure,  although 
:s  use  involves  certain  difficulties  (1,  6,  12). 

* 

J 

Early  in  1931  a  systematic  investigation  of  the  reactivity  of 
rganic  compounds,  with  respect  to  color  and  precipitate  forma- 
ion  with  inorganic  ions,  was  begun  in  this  laboratory.  Standard 
olutions  of  about  eighty  inorganic  ions  were  prepared  and 
ested,  in  both  acid  and  alkaline  medium,  with  various  types  of 
-  rganic  compounds,  especially  those  with  one  or  more  chelating 
>r  salt-forming  groups.  The  oximes,  as  a  class,  appeared  to  be 
me  of  the  most  promising  types  to  try  in  this  search  for  specific 
md  highly  sensitive  reagents  for  inorganic  ions. 

During  the  1930’s  several  new  and  important  organic  analytical 
eagents  were  discovered  in  this  laboratory  (19,  24~27).  In  1940 
mti  -  1,5  -  di  -  (p  -  methoxyphenyl)  -  1  -  hydroxylamino  -  3  -  ox- 
mino-4-pentene,  one  of  a  series  of  compounds  synthesized  ex- 


1  Present  address,  Cornell  University,  Ithaca,  N.  Y. 


The  reagent  belongs  to  the  basic  salinogenic  group  of  organic 
compounds,  many  members  of  which  combine  with  anions  such 
as  nitrates,  perchlorates,  sulfate,  phosphates,  molybdates,  vana¬ 
dates,  thiocyanates,  etc.  (28),  in  acid  medium.  The  “syn”  iso¬ 
mer  of  the  organic  compound  is  completely  unreactive  with  the 


CH40/  ^>CH — CH2 — C — CH=CH  ^>OCH, 

HONH  HON 


tungstate  ion.  It  crystallizes  in  the  form  of  colorless  plates 
(m.p.  217°  C.). 

PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  REAGENT 

The  reagent  crystallizes  from  ethanol  in  the  form  of  small  yel¬ 
low  needles  which  melt  at  156-157°  C.  (corrected).  It  is  soluble 
in  the  following  organic  solvents,  solutions  being  yellow  in  all 
instances:  ethanol,  acetone,  ethyl  ether,  ethyl  acetate,  dioxane, 
acetic  acid,  and  benzene.  The  compound  is  insoluble  in  water 
and  petroleum  ether.  Solutions  of  the  reagent  in  ethanol  are 
used  in  tungsten  analyses.  The  solubility  is  0.766  gram  of  re¬ 
agent  per  100  ml.  of  ethanol  at  25  °  C. 

Solubility  of  Tungsten  Complex.  An  experiment  was 
conducted  to  determine  whether  or  not  the  precipitated  organo- 
tungsten  complex  was  soluble  in  water  to  the  extent  of  one  part 
per  million. 

One  milligram  of  finely  pulverized  dried  complex  (dried  at 
105°  C.  for  2  hours)  was  introduced  into  a  flask  containing  1  liter 
of  water  at  25°  C.  The  water  was  mechanically  stirred  for  one 
week.  At  the  end  of  that  time,  the  complex  had  not  dissolved; 
hence  it  was  concluded  that  its  solubility  is  less  than  1  mg.  per 
liter  of  water — i.e.,  1  p.p.m. 
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Stability  of  Reagent  to  Light.  The  pure  reagent  is  pale 
yellow  in  color  but  is  slowly  darkened  by  light.  This  discolora¬ 
tion  does  not  affect  its  reactivity  with  tungstates.  No  discolora¬ 
tion  occurs  if  stored  in  dark  bottles. 

Reactions  with  Inorganic  Ions.  Tests  for  reactivity  with 
inorganic  ions  were  made  on  porcelain  spot  plates  by  adding  a 
drop  of  an  ethanol  solution  of  the  reagent  to  a  drop  of  solution 
containing  the  respective  ions  (approximately  0.05  mg.)  in  both 
acid  and  alkaline  medium  where  possible.  No  reactions  were  ob¬ 
served  between  the  reagent  and  any  of  the  following  ions : 

Ag+,  Al+++,  As+++,  As04 - ,  B4Ot — ,  Ba++,  Be++,  Bi+++, 

Br“,  C03— ,  Ca++,  Cb04— ,  Cd++,  Ce+++,  Cl”,  Co++,  Cr++  +  , 
Cs+,  Dy+++,  Er+++,  Eu+++,  F-,  Fe++,  Ga+++,  Gd+++, 
Ge++++  (aqueous  solution  of  Ge02),  HfO++,  Hg+,  Hg++,  I  , 
In+++,  K+,  La+++,  Li+,  Mg++,  Mn++,  N02~,  N03~,  Na+, 
Nd+++,  Ni++,  HP04— ,  Pb++,  Pr+++,  PtCl6— ,  Rb+,  ReOr, 
Rh+++,  Ru+++,  S— ,  SO«— ,  Sb+++,  Sc+++,  SeO,— , 

Sm+++,  Sr++,  Ta04— ,  Te04— ,  TiO++,  Th++++,  Tl+++, 
Tm+++,  VO+,  Y+++,  Yb+++,  Zn++,  Zr++++  (ZrO++). 

Auric,  ceric,  and  iridic  ions  produce  brown  precipitates  with  the 
reagent  but  these  are  extremely  rare  in  tungsten  ores  and  alloys. 

Ferric  iron  reacts  to  form  a  small  amount  of  brown  precipitate 
but  not  enough  to  interfere  even  in  the  analysis  of  steels  contain¬ 
ing  tungsten. 

Stannous  and  stannic  tins  produce  an  orange  and  a  yellow  pre¬ 
cipitate,  respectively,  with  the  reagent. 

Copper  reacts  in  alkaline  solution  to  produce  a  brown  precipi¬ 
tate  but  does  not  react  at  all  in  acid  medium.  In  analysis,  the  re¬ 
agent  is  always  used  in  acid  solution;  hence  copper  presents  no 
interference. 

Molybdates  are  precipitated  but  not  quantitatively.  When 
molybdenum  and  tungsten  are  present  together,  a  small  amount 
of  molybdenum  may  precipitate  with  the  tungsten.  The  pre¬ 
cipitation  of  molybdenum  by  the  reagent  is  no  greater  than  when 
cinchonine  is  used  (see  procedure  for  analysis  of  steels  and  alloys; 
cf.  analysis  of  N.B.S.  steel  132). 

The  only  other  ions  found  to  react  with  the  reagent  are  UOs++ 
and  OsOs~~,  which  produce  an  orange  and  brown  precipitate, 
respectively. 

OPTIMUM  EXPERIMENTAL  CONDITIONS 

Permissible  Acidity.  Tungsten  is  quantitatively  precipi¬ 
tated  by  the  reagent  when  the  acidity  is  less  than  pH  1.  Partial 
precipitation  occurs  above  pH  1  and  above  pH  5  no  precipitation 
occurs.  The  best  acidity  to  use  is  about  0.2 N  hydrochloric  acid. 
Sulfuric  and  nitric  acids  may  also  be  used,  but  in  the  presence 
of  lead  or  tin  sulfuric  acid  is  objectionable  and  nitric  acid  solu¬ 
tions  stronger  than  IN  begin  to  attack  the  reagent. 

Temperature  of  Solution.  Room  temperature  is  preferable 
for  effective  precipitation  of  the  tungsten  complex.  Precipita¬ 
tion  begins  immediately  upon  addition  of  the  reagent  in  cold 
solution,  with  the  precipitate  collecting  and  settling  much  more 
readily  than  if  the  solution  is  hot.  The  reagent  should  therefore 
not  be  added  to  hot  solutions. 

Amount  of  Reagent  Required.  The  reagent  combines  with 
tungstate  ions  in  a  ratio  of  1  to  1.  However,  when  the  approxi¬ 
mate  quantity  of  tungsten  is  known,  it  is  recommended  that 
twice  the  theoretical  amount  of  reagent  be  added  to  ensure  com¬ 
plete  and  rapid  precipitation.  If  the  tungsten  content  is  un¬ 
known,  the  amount  of  reagent  required  may  be  judged  by  ob¬ 
serving  the  color  of  the  precipitated  complex  as  it  forms. 

Time  Necessary  for  Complete  Precipitation.  Complete 
precipitation  is  obtained  when  solutions  are  allowed  to  stand  at 
room  temperature  for  3  hours  after  the  addition  of  excess  reagent, 
with  occasional  stirring  to  collect  the  precipitate.  Allowing 
solutions  to  stand  overnight  ensures  complete  precipitation  but  is 
not  necessary. 

Washing  the  Precipitate.  The  most  effective  wash  solution 
has  been  found  to  be  a  cold,  dilute  hydrochloric  acid  solution 
containing  a  small  amount  of  the  reagent.  It  is  prepared  by  di¬ 
luting  20  ml.  of  concentrated  hydrochloric  acid  to  1  liter  and 
adding  1  ml.  of  a  saturated  ethanol  solution  of  the  reagent. 

Final  Treatment  of  Precipitate.  Attempts  to  weigh  the 
organo-tungstate  precipitate  directly,  after  washing  and  drying, 


indicate  that  the  method  is  impractical.  Conditions  have  to 
tediously  controlled  to  get  consistent  results.  The  difficult 
arise  from  the  fact  that  the  reaction  must  occur  in  acid  soluti 
and  that  the  reagent  itself  precipitates  when  added  in  small  ( 
cess.  Unless  the  reagent  is  added  immediately  after  acidifyi 
the  solution,  some  tungsten  may  precipitate  as  tungstic  acid  a 
be  occluded  in  the  organic  precipitate,  preventing  a  considei 
tion  of  it  as  a  compound  of  definite  composition.  It  is  also  dil 
cult  to  remove  precipitated  reagent  from  the  complex  without 
the  same  time  dissolving  some  of  the  complex. 

The  complex  may  be  ignited  easily  to  tungstic  oxide,  W03, 
which  case  it  makes  no  difference  if  tungstic  acid  and  excess  1 
agent  are  present,  because  tungstic  acid  is  converted  to  tungsi 
oxide  and  excess  reagent  is  completely  removed  upon  ignition 

The  precipitated  complex  is  easily  and  rapidly  separated  1 
filtration  through  quantitative  ashless  filter  paper.  Whatm; 
filter  paper  No.  40  and  other  papers  of  similar  texture  and  gra< 
are  suitable  for  quantitative  analyses  when  using  this  reager 
Filtration  is  most  rapidly  accomplished  if  the  precipitated  coi 
plex  is  allowed  to  settle  (about  3  hours  is  sufficient)  and  t 
solution  filtered  by  decantation.  There  is  very  little  tendem 
for  the  precipitate  to  clog  the  pores  of  the  paper,  thus  permittii 
thorough  washing  with  a  minimum  time  consumption. 

The  washed  precipitate  may  be  ignited  without  difficult 
There  is  no  tendency  for  explosion,  or  decomposition  rapid  enouj 
to  sweep  out  any  of  the  contents  of  the  crucible.  The  precij 
tate  and  the  filter  paper  decompose  at  about  the  same  rat 
Moisture  should  be  removed  at  about  100°  C.  before  raising  tl 
temperature  of  the  crucible  and  contents  to  ignition  temperatui 
The  crucible  should  not  be  heated  above  a  dull  red  until  all  ca 
bon  has  been  burned  off. 

DETERMINATION  OF  TUNGSTEN  IN  SOLUTIONS,  STEELS, 
ALLOYS,  AND  ORES 

Of  the  various  procedures  investigated,  a  modification  of  th, 
of  Hillebrand  and  Lundell  (6,  pp.  553-5)  has  been  found  mo 
satisfactory  for  the  analysis  of  tungsten  ores.  For  steels  ar 
tungsten  alloys,  modifications  of  the  procedures  of  the  Americj 
Society  for  Testing  Materials  {22,  pp.  1011-2)  are  both  speec 
and  accurate. 

Determination  in  Ores.  Transfer  to  a  400-ml.  beaker 
gram  of  sample  which  has  been  ground  in  an  agate  mortar  1 
200-mesh  or  finer  and  dried  to  constant  weight  at  105°  C.  U: 
less  the  sample  is  ground  to  200-mesh  or  finer,  a  protective  lay 
of  precipitated  tungstic  acid  may  coat  the  particles,  preventii 
the  hydrochloric  and  nitric  acids  from  coining  in  contact  with  £ 
the  unreacted  material.  This  is  especially  true  with  ferberi 
and  wolframite,  which  are  difficult  to  decompose.  If  sufficiei 
hydrochloric  acid  is  used  and  the  temperature  is  held  at  appro? 
mately  75°  C.,  the  formation  of  tungstic  acid  on  the  particl 
may  be  avoided.  Serious  error  may  be  introduced  by  tt 
effect  if  samples  of  particle  size  much  larger  than  200-mesh  a 
used.  The  magnitude  of  the  error  depends  on  the  mineral  beii 
analyzed.  Scheelite,  CaW04,  and  hubnerite,  MnW04,  a 
easily  decomposed  by  the  hydrochloric-nitric  acid  treatment,  , 
which  case  the  error  is  small;  ferberite,  FeW04,  and  wolframiti 
(Fe,Mn)W04,  being  much  more  difficult  to  decompose,  requi1 
very  small  particle  size. 

Add  5  ml.  of  distilled  water  and  rotate  the  beaker  so  as  to  di 
tribute  the  sample  evenly  over  its  bottom.  Add  100  ml.  of  h 
drochloric  acid  (sp.  gr.  1.19),  cover  the  beaker  with  a  wat 
glass,  and  heat  for  one  hour  at  a  temperature  not  exceedb. 
60°  G.  Stir  occasionally  to  break  up  formations  of  crusts  and 
facilitate  contact  of  the  acid  with  all  particles  of  the  samp 
Raise  the  watch  glass  on  glass  hooks  and  cautiously  boil  to 
volume  of  about  50  ml.  Break  up  the  material  on  the  bottom  ( 
the  beaker  with  a  glass  stirring  rod.  Add  40  ml.  of  hydrochlon 
acid  and  15  ml.  of  nitric  acid  and  again  boil  the  solution  to  abo* 
50  ml.  Stir  up  the  caked  matter  again,  add  5  ml.  of  nitric  ac:  a 
and  boil  to  10  or  15  ml.  Dilute  to  250  ml.  with  hot  water  a  [ 
heat  just  below  boiling  for  30  minutes.  Allow  to  cool  to  roci 
temperature  and  add  25  ml.  of  alcoholic  reagent  solution  (mas 
by  dissolving  0.7  gram  of  reagent  in  100  ml.  of  ethanol)  slow' 
with  constant  stirring.  Allow  the  precipitate  to  settle  for  abe  t 
2  hours  and  test  the  supernatant  liquid  with  a  few  drops  of  tJ 
reagent  for  complete  precipitation  of  the  tungsten. 
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Because  of  the  limited  solubility  of  the  reagent  in  aqueous 
utions,  some  precipitate  may  be  expected  to  form  whenever 
!  reagent  is  added.  The  appearance  of  the  precipitate  formed 
the  presence  of  tungsten  is  different  from  that  formed  when 
:  latter  is  absent.  The  organic  tungstate  is  deep  yellow-orange 
color  while  the  precipitated  reagent  alone  is  almost  white.  It 
xdvisable  for  an  analyst  using  the  reagent  for  the  first  time  to 
J  some  of  it  to  a  solution  of  sodium  or  ammonium  tungstate 
mg.  of  tungstate  per  ml.)  acidified  with  8  or  10  volumes  of 
:1V  hydrochloric  acid.  The  same  amount  of  reagent  should  be 
led  to  a  similar  volume  of  0.2 N  acid  alone.  The  striking  dif¬ 
ence  between  the  color  of  the  reagent  and  that  of  the  organo- 
ligstate  may  be  observed  by  this  simple  procedure. 

[n  testing  a  solution  for  completeness  of  precipitation  of  tung- 
n,  more  reagent  should  be  added  if  an  orange  precipitate  is 
med.  If  it  is  white  or  pale  yellow,  precipitation  of  the  tung- 
n  is  complete. 

;  Vfter  the  precipitate  has  settled  at  least  2  hours  (or  overnight 
convenient)  filter  by  decantation  through  an  11-cm.  ashless 
“  er  paper.  Wash  the  precipitate  several  times  with  reagent 
11  sh  solution. 

is  Transfer  the  precipitate  to  an  ashless  filter  paper  and  moder- 
ly  scrub  the  beaker  by  means  of  a  rubber  policeman  to  remove, 
far  as  possible,  any  precipitate  adhering  to  the  walls  of  the 
iker.  It  is  not  necessary  at  this  point  to  attempt  to  remove 
■I  the  finely  divided  tungstic  acid  adhering  to  the  walls  of  the 
i|  nker,  since  the  main  precipitate,  after  it  is  washed,  is  to  be 
;  nsferred  back  to  this  beaker  and  all  the  precipitated  tungsten 
l  lissolved. 

:  vVash  with  the  prepared  wash  solution.  Repeat  several  times 
i  set  aside  the  combined  filtrate  and  washings.  Test  the  fil- 
i  te  with  a  few  drops  of  reagent  solution  for  complete  precipita- 
n  of  the  tungsten.  It  is  rare  that  any  is  found  in  this  filtrate, 
ansfer  the  filter  paper  containing  the  washed  precipitate  to  the 
ginal  beaker  and  add  6  ml.  of  concentrated  ammonium  hy- 
>xide.  Shred  the  filter  paper  to  a  uniform  pulp  by  means  of  a 
ss  stirring  rod,  cover  the  beaker,  and  warm  gently  for  a  few 
h  nutes.  Stir  the  pasty  mass  with  the  rod,  then  wash  down  the 
ide  of  the  beaker  with  warm  dilute  ammonium  hydroxide  (1  to 
containing  10  grams  of  ammonium  chloride  per  liter.  Warm 
^  fin  and  stir  thoroughly.  Filter  through  an  11-cm.  ashless 
e4er  paper  and  collect  the  filtrate  in  a  400-ml.  beaker.  Wash  the 
ginal  beaker  and  residue  several  times  with  the  warm  dilute 
imonium  hydroxide  solution;  between  washings,  squeeze  as 
ich  of  the  liquid  from  the  fibers  of  the  pulp  as  possible.  Wash 
r  I)  beaker  and  residue  with  several  small  portions  of  hot  95  per 

■  ut  ethanol  to  dissolve  any  organo-tungstate  that  has  not  been 
u  composed  by  the  ammonium  hydroxide  treatment.  Follow 
ydoh  a  final  washing  with  the  warm  dilute  ammonium  hydroxide 
ii-lution.  Keep  the  volume  of  liquid  as  small  as  possible.  Re¬ 
ive  the  residue  of  filter  fiber  for  further  recovery  of  traces  of 

Migsten. 

-Evaporate  the  filtrate  to  a  volume  of  about  50  ml. ;  add  20  ml. 
osi  concentrated  hydrochloric  acid  and  10  ml.  of  concentrated 
fcric  acid;  cover  and  cautiously  boil  to  a  volume  of  10  to  15  ml. 
litany  organic  residue  is  still  present  and  tends  to  adhere  to  the 
alls  of  the  beaker,  it  may  be  decomposed  by  the  addition  of  more 
drochloric  and  nitric  acids  in  the  same  ratio  as  above.  Dilute 
ife  solution  to  about  250  ml.  with  water  and  allow  it  to  cool 
■wly  to  room  temperature.  Add  the  alcoholic  reagent  solution 
til  the  color  of  the  precipitate,  as  it  forms,  indicates  complete 
iifecipitation  of  the  tungsten.  Allow  the  precipitate  to  settle  and 
-er  through  an  11-cm.  ashless  filter  paper;  wash  thoroughly 
dijth  reagent  wash  solution.  If  the  filtrate  has  a  clear  yellow 
ii.it,  precipitation  is  complete.  If  it  is  colorless,  more  reagent 
■i  ist  be  added  to  complete  the  precipitation.  The  washed  pre- 
wiitate  is  the  main  precipitate  and  is  to  be  ignited  with  the  very 
i  '-iall  amounts  of  tungsten  that  may  be  obtained  in  the  procedure 
ascribed  in  the  following  paragraphs. 

Any  tungsten  that  may  not  have  been  recovered  is  contained 
-  the  reserved  residue  of  filter  fiber,  in  combination  with  iron 
"  alumina  or  with  small  amounts  of  reagent  that  were  not  com- 

■  itely  dissolved.  This  combined  tungsten  may  be  dissolved  by 
qesting  the  filter  paper  and  residue  of  fiber  with  warm  dilute 

^drochloric  acid  (1  to  9).  Filter  and  wash  the  residue  with 
xa.il  amounts  of  hot  0.5  per  cent  ammonium  chloride  solution 
d  the  warm  dilute  ammonium  hydroxide  wash  solution,  ed¬ 
iting  all  in  the  same  vessel.  Acidify  the  filtrate  with  hydro- 
led  c  acid  until  it  is  approximately  0.2Ar  and  then  slowly 
d  5  to  10  ml.  of  alcoholic  reagent  solution.  Any  precipitate 


obtained  should  be  filtered  and  washed  with  the  reagent  wash 
solution.  Reserve  the  washed  precipitate  and  ignite  later  with 
the  main  one  already  obtained. 

The  residue  that  now  remains  is  usually  free  from  tungsten. 
To  be  positive,  ignite  it  in  a  porcelain  crucible  (not  a  platinum 
crucible  because  tin  might  be  present),  transfer  the  ash  to  a 
platinum  crucible,  and  volatilize  the  silicon  by  treating  it  with 
hydrofluoric  and  sulfuric  acids.  Fuse  the  remaining  residue 
with  as  little  sodium  carbonate  as  possible,  cool,  and  extract  the 
melt  with  water.  Filter  and  acidify  the  filtrate  with  hydrochlo¬ 
ric  acid,  boil  to  expel  carbon  dioxide,  and  add  dropwise  some  of 
the  reagent  solution  to  test  for  the  possible  presence  of  tungstate 
ions.  If  the  precipitate  is  orange,  upon  the  addition  of  the  first 
few  drops  of  reagent,  filter  it  off,  wash  with  the  reagent  wash  solu¬ 
tion  and  ignite  with  the  two  residues  already  obtained.  (The 
authors  have  never  obtained  any  organo-tungstate  precipitate 
at  this  point.) 

Place  the  papers  containing  the  main  precipitate  and  the  two 
recoveries  in  a  weighed  platinum  crucible  and  heat  at  a  tempera¬ 
ture  below  a  dull  red  until  all  the  carbon  has  been  burned  off. 
Cool,  add  a  few  drops  of  hydrofluoric  acid  to  the  residue  (enough 
to  moisten  it  completely),  add  a  drop  of  sulfuric  acid  and  evapo¬ 
rate  to  dryness  over  a  water  or  sand  bath.  Reignite  in  order  to 
get  the  weight  of  WO3  free  from  SiCb. 

The  tungstic  oxide  obtained  at  this  point  is  not  pure  but  must 
be  examined  for  contaminants.  The  examination  for  contami¬ 
nants  does  not  involve  any  changes  from  the  standard  procedures 
now  in  use  (3;  6,  p.  555;  22).  The  contaminants  most  apt  to  be 
present  at  this  point  are  principally  iron  and  molybdenum,  with 
very  small  traces  of  phosphorus.  The  iron  is  separated  by  fusion 
with  sodium  carbonate,  dissolving  in  hot  water,  and  filtering. 
Tungsten  and  molybdenum  (if  present)  form  soluble  sodium  salts. 
If  molybdenum  is  present,  the  amount  of  its  contamination  may 
be  determined  colorimetrically  (3;  22,  pp.  1008-9)  in  the  fil¬ 
trate.  It  is  rare  that  the  amount  of  phosphorus  present  justifies 
a  test  for  it.  The  weights  of  contaminants  found  are  subtracted 
as  oxides  from  the  weight  of  impure  tungstic  oxide  and  the  cor¬ 
rected  weight  is  used  to  calculate  the  percentage  of  tungstic  oxide 
or  tungsten  in  the  sample. 

Determination  in  Alloys  and  Metals.  Treat  1  gram  01 
the  finely  divided  metallic  sample  with  5  ml.  of  hydrofluoric  acid 
in  a  large  covered  platinum  crucible  or  dish.  After  the  initial 
effervescence  has  ceased,  add  nitric  acid  dropwise  until  the  metal 
has  dissolved.  Add  15  ml.  of  sulfuric  acid  (1  to  1),  transfer  the 
vessel  to  a  sand  bath,  and  heat  cautiously  until  dense  fumes  of 
sulfur  trioxide  are  evolved  freely.  Perchloric  acid  may  be  sub¬ 
stituted  for  sulfuric  acid  if  desired.  In  this  case,  add  15  ml.  of 
perchloric  acid  (60  per  cent)  after  the  hydrofluoric-nitric  acid 
treatment  and  heat  cautiously  to  dense  fumes  of  perchloric  acid. 
Cool,  dilute,  and  transfer  in  the  same  manner  as  when  sulfuric 
acid  is  used.  The  use  of  perchloric  acid  shortens  slightly  the  time 
necessary  for  this  part  of  the  analysis,  but  otherwise  offers  no 
particular  advantage. 

Allow  to  cool  and  transfer  the  contents  to  a  400-ml.  beaker  by 
washing  the  platinum  vessel  with  a  fine  stream  of  water.  W  ipe 
the  vessel  with  a  small  piece  of  ashless  filter  paper  and  transfer 
it  to  the  beaker.  Rinse  the  vessel  with  a  little  warm  ammonium 
hydroxide  (1  to  1),  a  little  water,  then  a  little  hot  hydrochloric 
acid  (1  to  1).  Repeat  the  treatments  with  ammonium  hydroxide, 
water,  and  hydrochloric  acid,  adding  all  rinsings  to  the  400-ml. 
beaker.  Dilute  the  contents  of  the  beaker  with  water  to  about 
150  ml.  Add  10  ml.  of  hydrochloric  acid  (sp.  gr.  1.19),  cover 
with  a  watch  glass  supported  on  glass  hooks,  and  boil  cautiously 
for  at  least  5  minutes.  Remove  the  source  of  heat  and  dilute 
the  contents  to  about  350  ml.  with  water.  Allow  to  cool  and  add 
slowly,  with  constant  stirring,  15  to  20  ml.  of  alcoholic  reagent 
solution  (0.7  gram  per  100  ml.  of  95  per  cent  ethanol).  Allow 
the  precipitate  to  settle  for  about  2  hours  and  test  the  supernatant 
liquid  for  complete  precipitation  of  the  tungsten.  If  an  orange 
precipitate  forms  upon  the  addition  of  more  reagent,  precipita¬ 
tion  is  incomplete.  If  the  precipitate  is  almost  white,  separation 
of  tungsten  is  complete. 

When  the  precipitate  has  completely  settled,  filter  by  decanta¬ 
tion  through  an  11-cm.  ashless  paper.  Wash  the  precipitate 
several  times  with  reagent  wash  solution,  ignite  the  paper  and 
residue,  in  the  platinum  vessel  in  which  the  sample  was  treated 
originally,  at  a  temperature  below  a  dull  red  heat  until  all  of  the 
carbon  is  consumed.  Add  a  few  drops  of  nitric  acid  and  evapo¬ 
rate  to  dryness  on  a  water  or  sand  bath .  Ignite  to  constant  weight 
(preferably  in  an  electric  muffle  furnace)  at  a  temperature  not 
exceeding  750°  C.  This  is  the  weight  of  impure  tungstic  oxide. 
Add  about  5  grams  of  sodium  carbonate  and  carefully  heat  until 
a  clear  melt  is  obtained.  Rotate  the  fused  mass  in  the  vessel 
until  it  solidifies  around  the  wall  of  the  container.  When  cool, 
dissolve  the  melt  in  hot  water,  filter  through  an  11-cm.  ashless 
paper,  and  wash  thoroughly  with  hot  water.  Place  the  filter  in 
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the  crucible  and  ignite  again.  Repeat  the  sodium  carbonate  fu¬ 
sion  on  the  small  residue,  using  a  proportionately  smaller  amount 
of  carbonate  than  in  the  first  fusion.  Cool  and  dissolve  in  the 
same  manner  as  before.  Filter  and  wash  thoroughly  to  remove 
all  traces  of  sodium  carbonate.  Ignite  in  the  same  platinum  ves¬ 
sel,  cool,  and  weigh.  Subtract  the  weight  of  this  oxide  residue 
from  that  of  the  original  impure  tungstic  oxide.  Calculate  the 
percentage  of  tungsten  from  the  corrected  weight  of  tungstic 
oxide. 

If  molybdenum  is  present,  the  amount  of  its  contamination  of 
the  tungsten  precipitate  can  be  determined  in  the  sodium  car¬ 
bonate  extracts.  This  is  best  done  colorimetrically  ( 3 ;  22,  pp. 
1008-9). 


ANALYSIS  OF  STANDARD  TUNGSTATE  SOLUTIONS 

A  standard  tungstate  solution  was  prepared  from  c.p.  tungstic 
acid  (H2W04,  99.84  per  cent  pure)  by  fusion  with  sodium  hy¬ 
droxide  in  a  silver  crucible.  The  fusion  mass  was  dissolved  in 
water  and  diluted  to  the  mark  in  a  volumetric  flask.  Measured 
volumes  of  this  solution  were  taken  and  acidified  to  0.2N  with 
hydrochloric  acid  and  the  tungsten  was  precipitated  by  the  addi¬ 
tion  of  an  ethanol  solution  of  the  new  reagent.  In  order  to  com¬ 
pare  the  two  reagents,  the  tungsten  was  also  precipitated  by  cin¬ 
chonine  from  a  similar  series  of  solutions.  The  precipitated  com¬ 
plexes  were  filtered  off  through  quantitative  paper  and  ignited 
in  platinum  crucibles  to  tungstic  oxide  (Table  I). 

APPLICATION  OF  PROCEDURES 

Analysis  of  Steels  and  Alloys.  National  Bureau  of  Stand¬ 
ards  samples  Nos.  50a,  132,  and  75  were  used  to  study  the  appli¬ 
cability  of  the  procedure  to  the  determination  of  tungsten  in 
steels  and  alloys  (Table  II).  One-gram  samples  were  used  and 
the  tungsten  was  precipitated  and  separated  according  to  the 
procedure  given  for  the  analysis  of  tungsten  alloys  and  metals. 

Analysis  of  Ores.  Samples  of  scheelite  and  ferberite  (ob¬ 
tained  through  the  courtesy  of  G.  E.  F.  Lundell,  National  Bureau 
of  Standards,  Washington,  D.  C.),  and  wolframite  (supplied  by 
the  Callite  Tungsten  Corporation,  Union  City,  N.  J.)  -were 
analyzed  by  the  procedure  outlined  for  the  determination  of 
tungsten  in  ores  (Table  III).  One-gram  samples  were  used. 

DISCUSSION  OF  RESULTS  OF  ANALYSES 

The  results  obtained  in  the  analyses  of  the  solutions,  steels, 
alloys,  and  ores  show  that  anti-1, 5-di-(p-methoxyphenyl)-l- 
hydroxylamino-3-oximino-4-pentene  may  be  applied  to  the  gravi- 


Table  I.  Standard  Tungsten  Solutions 


Sample  WO3  Present 

Mg. 

1  9.1 

2  18.5 

3  18.0 

4  18.0 

WOs  Found  by 
Cinchonine 

Mg. 

9.1 

18.5 

17.9 

18.1 

WO3  Found  by 
New  Reagent 
Mg. 

9.1 

18.5 

18.0 

18.1 

Table  II. 

Steels  and  Alloys 

W 

TV 

Sample 

Material 

Present 

Found 

Difference 

% 

% 

% 

1 

N.B.S.  chrome-tungsten-vanadium 

18.25“ 

18.35 

+  0.10 

2 

steel  No.  50a 

0 

18.21 

-0.04 

3 

18.27 

+0.02 

4 

N.B.S.  molybdenum-tungsten  steel 

6.29“ 

6.58 

+  0 . 29  & 

5 

No.  132 

6.65 

+  0.36i- 

6 

6.73 

+  0.44f> 

7 

6.34 

+  0.05“ 

8 

6.34 

+  0.05“ 

9 

N.B.S.  ferro-tungsten  No.  75 

75.2“ 

75.36 

+  0.2 

10 

75.11 

—  0.1 

0  National  Bureau  of  Standards  certificate  value. 

b  N.B.S.  No.  132  contains  7%  (approx.)  molybdenum.  In  samples  4, 
5,  and  6,  no  correction  was  made  on  ignited  tungstic  oxide  for  molybdic 
oxide  as  a  contaminant. 

c  In  samples  7  and  8,  molybdenum  contaminating  oxide  was  determined 
colorimetrically  and  corrections  applied.  High  results  of  samples  4,  5, 
and  6  are  evidently  due  to  presence  of  molybdic  oxide. 


metric  determination  of  tungsten  in  these  materials.  The  vari; 
tion  of  percentage  values  between  individual  samples  is  we 
within  the  range  of  variation  encountered  by  the  use  of  other  a 
ceptable  gravimetric  methods.  With  the  National  Bureau  < 
Standards  samples,  the  values  found  by  this  method  are  withi 
the  range  of  variation  of  values  reported  by  the  various  analys 
using  other  methods.  The  small  variations  in  percentage  four 
by  this  method  are  believed  to  be  due  to  experimental  techniqi 
rather  than  any  inconsistency  in  the  behavior  of  the  new  reagen 
In  the  analysis  of  N.B.S.  steel  132,  which  contains  approx 
mately  equal  amounts  of  tungsten  and  molybdenum  (7  per  cei 
molybdenum  and  6  per  cent  tungsten)  it  was  necessary  to  dete 
mine  the  amount  of  molybdenum  contaminating  the  tungsfi 
precipitate  and  correct  for  it. 


Table  III.  Ores 


WO3 

WO3 

Sample 

Material 

Present 

Found 

Different 

% 

% 

% 

1 

Scheelite 

59.6“ 

59.53 

-0.1 

2 

59.70 

+0.1 

3 

Ferberite 

66.0“ 

66.08 

+0.1 

4 

66.25 

+0.3 

5 

65.97 

0.0 

6 

Wolframite 

69.391- 

69.40 

+0.01 

7 

69.23 

-0.16 

“  Tentative  values  supplied  by  G.  E.  F.  Lundell.  Samples  were  dri 
for  18  hours  at  105°  C.  before  being  analyzed  by  Dr.  Lundell  in  1918.  Th 
were  dried  under  same  conditions  for  analysis  with  new  tungsten  reagei 
after  each  was  thoroughly  mixed. 

f>  Value  supplied  by  Callite  Tungsten  Corporation  on  basis  of  air-dri 
sample  of  a  commercial  wolframite  ore. 
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)ichromate  Determination  of  Iron,  Using  the  Silver  Reductor 

J.  L.  HENRY  AND  R.  W.  GELBACH,  State  College  of  Washington,  Pullman,  Wash. 


“HE  method  of  Walden,  Hammett,  and  Edmonds  (4)  for  the 
determination  of  iron  using  the  silver  reductor  and  titrating 
ith  ceric  sulfate,  although  highly  satisfactory,  is  expensive  be- 
luse  of  the  relatively  high  cost  of  the  ceric  sulfate  and  its  very 
gh  equivalent  weight.  In  the  titration  large  quantities  of  sul- 
ric  acid  are  required.  The  dichromate  method  as  presented  in 
is  paper  overcomes  these  objections  and  seems  to  retain  the  more 
sirable  features. 

In  the  analysis  of  ores  and  alloys  of  iron  the  common  impurities 
lich  may  interfere  with  the  reduction  and  subsequent  titration 
e  chromium,  manganese,  molybdenum,  titanium,  and  vana- 
um.  Molybdenum  may  be  separated  from  iron  by  precipitating 
>n  as  the  hydrous  oxide.  In  the  silver  reductor,  chromium  is 
>t  reduced  below  the  trivalent  state,  while  manganese  and  tita- 
um  are  not  reduced  at  all.  Vanadium  is  reduced  to  the  vanadyl 
n  which  is  not  oxidized  by  either  cerate  or  dichromate  ions. 


Table  I.  Effect  of  Added  Impurities 

(Volume  of  FeCla,  25  ml.) 


Solution  Added 

No.  of 
Detns. 

Fe  Found 

Average 

Deviation 

Ml. 

Gram 

P.p.  1000 

om  previous  standardization0 

0.1755 

me 

6 

0.1756 

o!6 

0.01AT  KiCrzOr 

6 

0.1757 

1.1 

O.lA/MnCla 

5 

0.1760 

2.8 

0.  lAf  Ti(SO«)s 

10 

0.1756 

0.6 

0.1  Af  NaVO. 

2 

0.1755 

0 

0.  lAf  NaVO» 

2 

0.1754 

-0.6 

O.lAfiNaVOa 

3 

0.1754 

-0.6 

O.lAf  NaVOa 

2 

0.1753 

-1.1 

10  ml.  of  each 

2 

0 . 1754 

-0.6 

*  From  the  standard  method  of  Walden,  Hammett,  and  Edmonds. 

The  oxidation  potential  in  IN  hydronium-ion  concentration 

the  system,  V04 - -VO++,  is  given  as  1.2  volts  (I),  and  that 

'  diphenylamine  sulfonic  acid  is  0.83  volt  (2),  which  according  to 
ralden,  Hammett,  and  Edmonds  (3)  is  sufficiently  below  the 
inadate- vanadyl  potential  to  give  precise  results.  Adj  usting  the 
:idity  to  approximately  IN  and  adding  5  ml.  of  85%  phosphoric 
lid,  one  obtains  a  condition  favorable  to  the  titration  of  ferrous 
n  with  potassium  dichromate  even  in  the  presence  of  vanadium. 

MATERIALS 

Standard  solutions  of  ceric  ammonium  sulfate  and  potassium 
chromate  were  prepared  in  the  usual  manner  and  standardized 
;ainst  pure  iron  wire.  They  were  also  checked  against  a  gravi- 
etrically  standardized  solution  of  ferric  chloride,  using  stannous 
lloride  reduction. 

A  solution  of  ferric  chloride  standardized  gravimetrically  was 
;ed  in  studying  the  behavior  of  the  dichromate-diphenylamine 
•dfonic  acid  titration  in  the  presence  of  the  ions  of  chromium, 
anganese,  vanadium,  and  titanium. 

The  effect  of  impurities  was  studied  by  adding  definite  quanti- 
es  of  0.01  molar  potassium  dichromate,  0.1  molar  manganese 
lloride,  0.1  molar  sodium  vanadate,  and  0.1  molar  titanium 
‘ilfate.  The  latter  was  prepared  by  fusing  4  grams  of  titanium 
oxide  with  80  grams  of  potassium  hydrogen  sulfate,  dissolving 
i  55  ml.  of  concentrated  sulfuric  acid,  and  diluting  the  resulting 
ilution  to  500  ml. 

The  silver  reductor  was  prepared  in  the  manner  described  by 
Talden,  Hammett,  and  Edmonds  (4). 

METHOD 

Analyses  were  made  with  25-ml.  portions  of  the  standard  ferric 
lloride  solution  by  the  method  of  Walden,  Hammett,  and 
dmonds  (4),  titrating  with  ceric  ammonium  sulfate.  Similar 
nalyses  were  then  made  by  titrating  with  potassium  dichromate. 
A  25-ml.  sample  of  standard  ferric  chloride  solution  was  pipet- 
‘d,  the  acidity  was  adjusted  to  1  molar  with  hydrochloric  acid, 
ad  the  final  volume  of  50  ml.  was  passed  through  the  reductor 


at  a  rate  of  about  30  ml.  per  minute.  The  reductor  was  washed 
with  150  ml.  of  1  molar  hydrochloric  acid  added  in  small  portions. 
To  the  reduced  solution  5  ml.  of  85%  phosphoric  acid  and  5  to  6 
drops  of  0.25%  diphenylamine  sulfonic  acid  were  added,  and  the 
solution  was  titrated  with  potassium  dichromate.  The  results, 
shown  in  Table  I,  deviated  from  those  of  the  Walden  method  by 
only  0.06%  error. 

Similar  analyses  were  made  by  introducing  in  the  first  series 
25-ml.  portions  of  0.01  molar  potassium  dichromate,  in  the  second 
0.1  molar  manganese  chloride,  and  in  the  third  0.1  molar  titanium 
sulfate.  Controls  were  run  on  each  ion  by  passing  the  solution 
through  the  reductor  in  the  absence  of  iron.  In  each  case  one 
drop  of  0.1  normal  potassium  dichromate  gave  a  distinct  end 
point. 

It  has  been  shown  that  reliable  results  can  be  obtained  in  the 
presence  of  chromium,  manganese,  or  titanium  with  acidities 
ranging  between  0.5  and  1.5  molar.  Checks  were  obtained  with 
titration  acidities  as  low  as  0.1  molar  and  as  high  as  2  molar,  but 
at  the  extremes  of  concentration  the  end  points  were  hot  sharp. 
The  results  shown  in  Table  I  indicate  that  these  ions  do  not  inter¬ 
fere  with  the  analysis. 

In  the  presence  of  high  concentrations  of  vanadium  an  indis¬ 
tinct  end  point  was  obtained,  the  color  change  being  from  light 
green  to  gray.  Titrations  were  made  in  the  presence  of  a  wide 
range  of  concentrations  of  vanadyl  ion;  up  to  concentrations  of 
100  mg.  of  vanadium  per  200  ml.  of  titrating  volume  a  very  sharp 
end  point  was  obtained.  The  deep  violet  color  was  not  shown  as  in 
the  absence  of  vanadium  but  there  was- a  distinct  color  change 
from  light  green  to  deep  blue.  The  results  of  these  runs  checked 
well  with  the  accepted  value  for  iron  in  the  standard  ferric  chloride 
solution. 

Two  samples  obtained  from  the  Bureau  of  Standards  were 
analyzed:  iron  ore,  B.  of  S.  No.  27,  and  ferro vanadium  alloy, 
B.  of  S.  No.  61.  The  samples  were  dissolved  according  to  recom¬ 
mended  procedures  accompanying  the  samples.  The  removal  of 
molybdenum  from  the  alloy  was  accomplished  by  twice  precipi¬ 
tating  the  hydrated  ferric  oxide  from  ammoniacal  solution.  In 
each  instance  the  acidity  was  adjusted  to  1  molar  with  hydro¬ 
chloric  acid  and  reduced  as  before.  Results  of  the  analyses  are 
shown  in  Table  II. 


Table  II.  Determination  of  Iron 


No.  of 

Fe 

Fe,  B.  of  S. 

Average 

B.  of  S.  Sample 

Detns. 

Found 

Certificate 

Deviation 

% 

% 

P.p.  1000 

Iron  ore  27 

4 

69.30 

69.26 

0.6 

Ferrovanadium  alloy  61 

2 

52.83 

52.8 

SUMMARY 

Potassium  dichromate,  using  diphenylamine  sulfonic  acid  as 
indicator,  is  an  oxidizing  agent  for  the  determination  of  iron  by 
the  Walden  silver  reductor  method.  Manganese,  chromium, 
and  titanium  do  not  interfere.  Vanadium  does  not  interfere  in 
concentrations  of  100  mg.  or  less  in  200  ml.  of  titrating  solution. 

A  more  economical  method  results  from  the  use  of  only  IN 
hydrochloric  acid  instead  of  the  higher  concentrations  of  sulfuric 
acid  required  in  the  ceric  sulfate  method.  The  stability,  purity, 
low  equivalent  weight,  and  comparatively  low  cost  of  potassium 
dichromate  render  it  a  very  desirable  oxidizing  agent  in  this  con¬ 
nection. 
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Precise  Measurement  of  Volume  in  Titrimetric 

Analysis 

WILLIAM  M.  THORNTON,  Jr.,  Loyola  College,  Baltimore,  Md. 


A  review  of  precise  measurement  of  volume  in  titrimetric 
analysis  is  presented.  Detailed  descriptions  of  the  burets 
and  special  techniques  used  by  the  author  are  given.  Rep¬ 
resentative  standardizations  indicate  the  reliability  to  be  ex¬ 
pected  under  the  prescribed  conditions. 


A  SIDE  from  the  choice  of  a  suitable  chemical  reaction,  or 
/  \  the  resultant  of  a  series  of  successive  reactions,  on  which 
to  base  a  dependable  titrimetric  process,  one  is  confronted  with 
the  responsibility  of  performing  the  physical  measurements  with 
sufficient  nicety.  More  specifically,  if  the  highest  accuracy  is 
to  be  attained,  the  following  points  must  be  given  serious  con¬ 
sideration:  (1)  influence  of  temperature  change,  (2)  position  of 
the  meniscus,  (.3)  drainage  or  afterflow,  (4)  errors  of  graduation, 
(5)  evaporation,  and  (6)  point  of  complete  reaction. 

Except  for  the  last  two,  these  sources  of  uncertainty  can  be 
removed  by  weighing,  instead  of  measuring  by  volume,  the 
standard  solutions.  For  this  purpose,  various  forms  of  “weight” 
or  “weighing  burets”  have  been  invented;  and  a  few  investi¬ 
gators  ( 1 ,  2,  15)  have  seen  fit  to  take  account  of  the  solution  of 
known  concentration  by  weighing  the  reaction  vessel  both  before 
and  after  the  titration. 

If  the  loss  of  water  (or  other  solvent)  from  standard  solutions 
during  long  periods  of  storage  be  left  out  of  account,  it  is  safe 
to  assume  that  the  evaporation  taking  place  within  the  time 
required  to  effect  a  volumetric  determination  is  of  no  signifi¬ 
cance  (19).  On  the  contrary,  rendering  a  decision  as  to  the 
equivalence  point  looms  up  as  an  unquestionably  difficult  ob¬ 
jective  in  this  kind  of  analysis,  and  one  in  which  the  weight 
buret,  as  compared  with  the  volume  buret,  offers  no  advantage. 

If  the  volume  burets  are  properly  designed,  and  used  with 
certain  precautions,  a  much  higher  degree  of  accuracy  may  be 
realized  in  dealing  with  a  number  of  the  well  known  volumetric 
solutions  than  is  commonly  supposed.  The  very  fine  work  of 
Ponndorf  (26)  may  be  cited  in  support  of  the  above  contention, 
and  this  constitutes  by  no  means  the  sum  total  of  the  evidence 
(cf.  11,  14,  21,  48). 

Admittedly,  when  many  titrations  have  to  be  made,  it  is 
expedient  to  feed  the  evaluated  solution  from  a  large  reservoir 
directly  into  the  buret.  Moreover,  in  the  case  of  solutions  that 
are  sensitive  to  the  oxygen  of  the  air  and  have  to  be  kept  under 
a  nearly  constant  pressure  of  an  indifferent  gas  (4,  17),  the 
transfer  to  a  short  buret  for  weighing  would  probably  lead  to  a 
lowering  of  the  titer  (28).  Weighing  the  titration  flask 
is  not  always  feasible :  in  some  experiments  the  reaction  mixture 
must  be  heated;  it  is  often  desirable  to  bubble  an  inactive  gas 
(carbon  dioxide,  for  example)  through  the  test  solution  (43)', 
it  is  sometimes  necessary  to  introduce  an  indicator  during  the 
latter  stages  of  the  procedure.  However,  Lee  (18)  has  developed 
an  ingenious  weighing  buret,  wherein  a  known  solution  of  titanous 
sulfate  may  be  obtained  by  shaking  acidulated  titanic  sulfate 
with  zinc  amalgam.  But  such  a  device,  owing  to  the  high 
density  of  the  amalgam  (about  4  per  cent  zinc,  presumably), 
would  seem  to  be  unduly  heavy,  besides  being  restricted  to  the 
preparation  of  only  a  small  quantity  of  the  reducing  agent  at  a 
time. 

The  chief  limitation  to  measurement  by  volume  in  precise 
analysis  is  the  lack  of  experimentally  established  data  regarding 
the  thermal  expansion  of  numerous  very  useful  solutions.  This 


expansiveness  is  a  matter  of  some  importance;  hence  its  furthi 
study  would  seem  to  be  justified. 


THERMAL  EXPANSION 


metric  solutions,  and  these 
apparently  reliable  values 
have  been  used  to  a  con¬ 
siderable  extent.  Schloes- 
ser  (30,  31)  and  several 
other  authorities  (7,  9, 10, 
20,  25,  38)  have  contrib¬ 
uted  to  the  subject  in 
one  way  or  another. 
Finally,  Osaka  (22)  has 
made  available  his  exten¬ 
sive  investigations. 


iZD 

pi) 

In  this  connection,  it 
may  be  desirable  to  call 
attention  to  a  point  that 
is  apt  to  be  overlooked. 
When  an  auxiliary  re¬ 
agent  is  added  to  a  titri¬ 
metric  solution,  even 
though  it  does  not  enter 
into  the  stoichiometric  re¬ 
lations,  it  must  needs  alter 
the  thermal  expansion  of 
the  liquid.  Many  such 
cases  might  be  cited,  but  a 


Jk- 
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Thiessen  and  his  collaborators,  and  also  Chappuis,  ha\ 
determined  the  density  of  water  (“ordinary  water-substance”)  i 
various  temperatures  with  great  exactness. 

From  their  data  the  expansivity  may  be  calcu¬ 
lated.  Accordingly,  Circular  19  of  the  Bureau 
of  Standards  (5)  enables  one  to  correct  the  ob¬ 
served  volume  to  what  it  would  be  at  20 0  C.— 
the  standard  temperature  for  volumetric  analysis 
throughout  the  United  States  (24).  The  small 
numbers  that  are  to  be  added  or  subtracted 
have  been  computed  on  the  assumption  that  the 
glass  forming  the  measuring  utensils  has  a  coef¬ 
ficient  of  cubical  expansion  of  0.000025  per  de¬ 
gree  Centigrade.  (Certain  borosilicate  glasses, 

47,  such  as  Pyrex,  exhibit  thermal  expansions 
much  smaller  than  the  foregoing.)  These  cor¬ 
rections  apply  not  only  to  water  but  also, 
practically  speaking,  to  sufficiently  dilute  aque¬ 
ous  solutions.  Furthermore,  a  supplementary 
table  (5,  below  Table  38)  gives  the  percentage 
increase  in  the  corrections  for  water  to  be  applied 
when  standard  solutions  of  four  common  acids 
and  bases — namely,  nitric  and  sulfuric  acids 
and  sodium  and  potassium  hydroxides — are  under 
consideration.  This  increase  is  about  5  per  cent 
for  the  before-named  reagents  when  of  0.1  N 
concentration.  In  like  manner,  it  is  but  3  per 
cent  for  0.1  A  hydrochloric  acid  (44) — an  almost 
negligible  increment.  Yet  the  higher  the  nor¬ 
mality  of  the  solution  the  greater  must  be  the 
augmentation  of  the  temperature  corrections 
for  pure  water. 

As  early  as  1869,  Gerlach  (13)  studied  the  ex¬ 
pansion  of  aqueous  solutions  of  acids  and  salts; 
and  in  1877  Casamajor  (6),  utilizing  Matthies- 
sen’s  data  for  water,  attempted  to  correct  the 
volume  of  his  standard  solution  for  changes  of 
temperature.  Some  5  years  later,  Schulze  (39) 
determined  the  rate  of  expansion  for  a  good  many 
of  the  better  known  volu- 
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will  suffice.  Addition  of  potassium  iodide  increases  the 
lability  of  iodine,  acidification  of  ammonium  sulfato-cerate 
■  vents  hydrolytic  decomposition  of  the  cerium  compound,  and 
ion.  In  all  candor,  there  seems  to  be  a  dearth  of  information 
[icerning  the  expansivity  of  the  more  complex  volumetric 
lotions. 

[desides  dilatation  or  contraction,  certain  other  physical 
iiperties  of  an  aqueous  solution — namely,  density,  surface 
[fsion,  and  viscosity  (37) — undergo  appreciable  change  when 

[concentration  with  respect  to  a  dissolved  substance  is  mark- 
y  increased.  As  these  properties  influence  delivery,  the 
[bitual  assumption  that  the  volume  measured  at  a  given  tem- 
rature  is  equal  to  that  of  pure  water  may  not  be  fully  war- 
Lted  in  the  case  of  the  complex  solutions  discussed  above. 

BURETS 

The  gratifying  results  obtained  by  Getz  and  the  writer  (42) 

■  standardizing  0.1  A  barium  hydroxide  (measured  from  an 

£ary  buret)  against  benzoic  acid  and  p-nitrobenzoic  acid, 
ctively,  led  to  the  expectation  that,  with  a  special  instru- 
of  comparatively  simple  construction,  it  might  be  possible 
I  attain  a  very  high  degree  of  precision  in  certain  titrimetric 
[alyses. 

Two  such  brnets  (Figure  1)  were  procured.  They  were  ma.de 
1  Eimer  and  Amend,  of  New  York  City,  in  accordance  with 
[finite  specifications.  Each  instrument  consists  essentially  of 
middle  wider  portion,  graduated  in  intervals  of  0.2  ml.,  and  two 
Irrower  portions,  one  above  and  one  below,  both  marked  in 
Jervals  of  0.05  ml.  The  total  capacity  is  50  ml.,  and  the  entire 

i duated  length  is  approximately  70  cm.  Each  stopcock,  which 
iomewhat  larger  than  usual,  is  composed  of  a  blown  (and 
refore  hollow)  plug  and  a  neatly  fitting  shell.  The  former 
ns  in  the  latter  with  the  utmost  smoothness.  This  low- 
tion  bearing  and  the  long  handle  (more  than  5  cm.)  permit 
operator  to  release  fractions  of  drops  when  nearing  the  end 
nt.  These  stopcocks  do  not  leak  at  all. 
jThe  following  statements  and  recommendations  regarding 
■is  type  of  buret  are  held  to  be  self-evident.  No  matter  what 
liy  be  the  magnitude  of  the  sample,  a  reading  will  be  obtained 
I  any  titration,  provided  the  required  volume  does  not  exceed 
l  ml.,  for  the  entire  interval  is  graduated — even  the  shoulders. 
I.  however,  the  level  of  the  liquid  stands  between  the  3-  and  the 
-ml.  marks,  the  determination  should  be  taken  as  tentative 
ily.  But,  with  this  datum  in  hand,  it  is  a  simple  problem  to 
lculate  by  means  of  a  proportion  what  increase  in  the  weight 
the  sample  will  give  rise  to  a  reading  somewhere  between  the 
-  and  the  50-ml.  graduations,  where,  on  grounds  of  probability, 
e  best  observations  are  to  be  had.  (The  linear  value  corre- 
onding  to  1  ml.  is  about  34  mm.  in  the  narrower  portions  of  the 
be.) 

In  order  to  measure  volumes  somewhat  less  than  45  ml.,  a 
i-ml.  Normax  buret  was  provided.  This  instrument  is  fashioned 
am  a  straight  tube,  the  smallest  division  is  0.1  ml.,  and  the 
stance  representing  1  ml.  is  16.3  mm. 

To  make  the  burets  ready  for  use,  a  uniform,  thin  layer  of  a 
litable  lubricant  is  spread  between  the  plug  and  the  shell  of 
ie  stopcock.  With  the  plug  in  position  Bi,  Figure  1,  a  small 
nount  of  carbon  tetrachloride  is  poured  into  the  buret.  The 
:y  is  then  turned  through  an  angle  of  90°,  B\,  and  the  issuing 
}uid  is  caught  in  a  small  beaker.  The  jet  being  momentarily 
osed  by  the  index  finger,  the  same  portion  of  the  tetrachloride 
again  introduced  into  the  buret  at  its  top  opening;  but  on  no 
■count  should  the  key  be  turned  back  to  position  f?2  at  this 
mcture,  for  fear  that  a  furrow  will  be  cut  in  the  film  of  lubricant 
/  the  solvent.  These  operations  are  repeated  until  the  small 
ibes  have  been  washed  free  from  visible  greasy  matter;  where- 
pon  the  buret  is  dried  thoroughly  by  aspiration. 

The  well  known  “cleaning  mixture”  (concentrated  sulfuric  acid 
)  which  powdered  potassium  dichromate  has  been  added  in 
lundance)  is  then  applied,  the  preceding  instructions  as  to  the 
vo  positions  of  the  stopcock  key  (more  particularly,  the  plug 
tpillarv)  being  adhered  to  in  an  equally  conscientious  manner. 
In  calibrating  the  burets,  the  gravimetric  method  of  Peffer 
nd  Mulligan  (24)  was  followed  in  a  general  way.  However, 
-eat  care  was  taken  to  discharge  the  water  very  slowly — not 
ister  than  by  rapid  dropping  from  the  tip,  even  during  the  initial 
ages  of  the  delivery — and  the  settings  and  removal  of  hanging 
rops  were  made  with  all  necessary  pains. 

Experience  has  shown  that  very  uniform  volumes  of  pure  water 
lay  be  obtained  by  slow  delivery  from  a  scrupulously  clean 


buret.  This  observation  is  in  substantial  agreement  with  the 
words  of  Osborne  and  Veazey  (23) :  “By  limiting  the  rate  of 
outflow  the  residue  and  the  afterflow  may  be  made  negligibly 
small.” 

The  results  obtained  in  calibrating  the  three  burets  are  given 
in  Table  I.  Judging  from  duplicate  determinations,  it  is  reason¬ 
able  to  hope  that,  in  the  case  of  the  special  burets  (Eimer  and 
Amend  12  and  13,  respectively),  measurements  will  agree  to 
within  0.005  ml.,  and  with  the  25-ml.  buret  (Normax  830), 
to  within  0.01  ml. 


Table  1.  Calibration  of  Burets 

(Volumes  corrected  to  20°  C.) 

Interval 

Delivery 

"Rounded  Value 

Ml. 

Ml. 

Ml. 

E.  and  A.  Buret  No.  12 

0-  3 

2.996 

2.995 

2.995° 

0-25 

25.00 

25.00k 

0-45 

45.086 

45.086 

45.085° 

0-47.5 

47.606 

47.608 

47.605° 

0-50 

50.080 

50.082 

50.080° 

E.  and  A.  Buret  No.  13 

O-  2.5 

2.517 

2.514 

2.515° 

0-25 

24.84 

24.84*> 

0-45 

45.068 

45.068 

45.070° 

0-47.5 

47.579 

47 . 580 

47.580“ 

0-50 

50.068 

50.067 

50.070“ 

Normax  Buret  No.  830 

*o 

1 

o 

4.992 

4.994 

4.99  k 

0-10 

9.995 

9.994 

9.99  k 

0-15 

14.998 

14.996 

15.00  k 

0-20 

19.999 

19.999 

20.00k 

0-25 

24 . 997 

25.006 

25.00k 

°  Mean  value  rounded  off  to  nearest  0.005  ml. 
b  Mean  value  rounded  off  to  nearest  0.01  ml. 

STANDARDIZATION  OF  SOLUTIONS 

By  way  of  forming  a  fairly  satisfactory  estimate  as  to  the  pre¬ 
cision  of  the  physical  measurements  in  really  nice  volumetric 
analysis,  wherein  the  titrations  are  made  with  volume  burets, 
three  familiar  titrimetric  solutions,  of  0.1  A  strength,  were 
standardized  in  accordance  with  supposedly  accurate  methods. 
The  solutions  were:  (1)  potassium  permanganate,  (2)  sodium 
tetraborate,  or  borax,  and  (3)  sodium  hydroxide. 

In  the  first  set  of  experiments,  0.1A  solutions  of  potassium 
permanganate  were  evaluated  against  the  certified  sodium 
oxalate  of  the  National  Bureau  of  Standards  (Standard  Sample 
40c),  the  procedure  of  Fowler  and  Bright  (12)  being  followed  in 
all  its  minutiae. 

The  solutions  were  prepared  by  dissolving  high-grade  crystals 
of  potassium  permanganate  in  the  requisite  quantity  of  distilled 
water,  aging  for  more  than  a  month,  and  filtering  very  slowly 
through  glass  frit  of  fine  texture  under  the  influence  of  mild 
suction. 

The  clear  solution  was  introduced  into  the  buret  by  means  of 
the  “lift”  (Figure  2),  an  apparatus  modeled  after  a  similar  con¬ 
trivance  by  Osborne  and  Veazey  (23).  The  suction  being  turned 
on  and  properly  regulated  by  obvious  manipulations  of  the 
stopcocks,  S  and  T,  any  desired  quantity  of  the  liquid  may  be 
pulled  up  from  the  storage  bottle  into  a  large  pipet,  P,  held  there 
at  will,  and  finally  allowed  to  enter  the  buret.  Transferring  in 
this  manner  leaves  the  neck  of  the  bottle  clean — a  condition  to 
be  wished  for  in  the  case  of  a  permanganate  solution. 

The  temperature  of  the  solution  in  the  buret  was  taken  by 
inserting  a  slender  thermometer  with  enclosed  scale,  just  before 
setting  the  meniscus  upon  the  0-ml.  graduation,  and  again  at 
the  end  of  the  titration,  by  running  the  remaining  liquid  into  a 
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Table  II.  Potassium  Permanganate  against  Sodium  Oxalate 

Solution 


No. 

Date 

NaaChCb 

KMnOi 

Normality 

Gram 

Ml. 

I 

June  25 

0.311  55 

45.325 

0.10260 

June  26 

0.312  15 

45.435 

0.10255 

June  27 

0.313  15 

45.570 

0.10257 

July  8 

0.310  85 

45.225 

0.10259 

July  9 

0.311  45 

45.320 

0.10258 

Mean 

0.10258 

II 

May  24 

0.316  65 

47.420 

0.09967 

May  24 

0.315  60 

47.270 

0.09966 

Aug.  5 

0.316  85 

47.450 

0.09967 

Aug.  5 

0.316  60 

47.415 

0.09966 

Mean 

0.09966 

III 

Aug.  16 

0.317  05 

47.600 

0 . 09940 

Aug.  19 

0.317  85 

47.725 

0.09939 

Mean 

0.09940 

IV 

Jan.  18 

0.317  05 

47.570 

0.09947 

Jan.  20 

0.317  90 

47.675 

0.09951 

Mean 

0.09949 

A 

p 

Y 


small  test  tube.  The  mean  of  the  two  values  was  arbitrarily 
accepted,  and  the  volume  was  adjusted  on  the  assumption  that 
the  thermal  expansion  is  the  same  as  that  of  pure  water  (22). 

Excellent  observations  of  the  meniscus  were  made  by  utilizing 
a  device  similar  to  the  one  proposed  by  White  (46),  despite  the 
purple  color  of  the  solution. 

The  tiny  excess  of  permanganate  unavoidably  added  was 
estimated  by  matching  the  pink  color  of  the  test  solution  in  the 
usual  way.  But  it  is  doubtless  more  accurate  to  arrive  at  the 
correction  iodometrically,  as  suggested  by  Bray  (3). 

The  results  obtained  with  potassium  permanganate  are  set 
forth  in  Table  II. 

In  the  second  set  of  experiments,  the  primary  standard  was 
constant-boiling  hydrochloric  acid  (41),  and  from  this  a  0.1  N 
acid  was  obtained.  A  solution  of  sodium  tetraborate,  likewise 
O.liV,  was  prepared  from  recrystallized  borax  (16).  For  making 
the  standardizations,  the  borax  solution  was  weighed  in  a  stop¬ 
pered  flask  and  was  then  titrated  with  the  hydrochloric  acid 
(in  buret  12),  methyl  red  serving  as  indicator. 


A  slight  lack  of  uniformity  in  the  results  was  apparent,  owin 
presumably,  to  an  end  point  that  is  somewhat  difficult  to  judg 
and,  because  of  this  uncertainty,  the  tests  with  borax  are  n 
tabulated  in  the  present  report.  Nevertheless,  as  the  averai 
deviation  of  a  determination  was  less  than  3  parts  per  10,00 
this  part  of  the  work  may  still  be  regarded  as  acceptable. 

In  the  third  set  of  experiments,  a  0.1N  solution  of  sodiu 
hydroxide  was  prepared,  reasonably  free  from  carbonate,  by  tl 
method  of  Cowles  (5);  it  was  protected  against  atmosphei 
carbon  dioxide  in  the  usual  manner.  A  second  basic  solution, 
all  respects  similar  to  the  first,  was  also  employed.  The  sodiu 
hydroxide  was  standardized  against  0.2 N  hydrochloric  aci 
which,  in  its  turn,  had  been  obtaihed  by  appropriately  dilutij 
constant-boiling  acid. 

For  alkaline  Solution  I  (see  Table  III),  a  reference  color  w 
established  by  adding  1  drop  of  methyl  red  (0.2  per  cent  alcohol 
solution)  to  100  ml.  of  water.  For  Solution  II,  25  ml.  of  0.2 
sodium  chloride  were  diluted  to  100  ml.,  and  the  before-nami 
quantity  of  the  indicator  was  introduced.  The  latter  mixtu 
is  theoretically  correct,  but  it  differs  very  little  from  the  form 
in  tint. 

Twenty-five  milliliters  of  the  0.2iV  hydrochloric  acid  we 
measured  from  the  small  buret  (Normax  830),  25  ml.  of  wat 
and  a  single  drop  of  the  methyl  red  were  added,  and  the  titratii 
was  performed  with  the  0.1  N  sodium  hydroxide  (in  buret  li 
the  standard  color  being  matched  as  well  as  possible. 

The  results  of  this  last  series  of  experiments,  wherein  all  t' 
solutions  were  measured  by  volume,  are  given  in  Table  III. 


Table  III.  Sodium  Hydroxide  against  Hydrochloric  Acid 


Solution 

0.20066  N 

No. 

Date 

HC1 

NaOH 

Normality 

Ml. 

Ml. 

I 

July  19 

24.95 

47.525 

0.10534 

July  19 

24.94 

47.500 

Mean 

0.10536 

0.10535 

II 

Oct.  13 

24.98 

47.165 

0.10628 

Oct.  13 

24.98 

47.145 

0.10632 

Oct.  14 

24.98 

47.145 

Mean 

0.10632 

0.10631 

CONCLUSIONS 

Barring  such  remarkably  accurate  results  as  those  attain 
in  iodometry  by  Washburn  (45),  who  used  a  weight  buret  of  t 
Ripper  type  (27),  the  experimental  data  reported  herein  compa 
favorably  with  many  to  be  found  in  the  scientific  literatui 
which  were  obtained  by  weighing,  and  not  by  measuring  t 
volume  of,  the  standard  solution. 

The  delivery  of  a  liquid  from  a  graduated  tube  is  at  best 
somewhat  empirical  operation,  and,  naturally,  the  best  measm 
ments  may  be  expected  when  the  physical  properties  of  t 
solution  under  consideration  are  near  to  those  of  the  liqt 
(usually  water)  employed  in  calibrating  the  instrument.  Me 
especially,  the  thermal  expansion  of  the  titrant  should  be  know 
at  least  approximately.  These  and  many  other  points  ha 
been  discussed  and  elucidated  by  such  prominent  metrologists 
Schloesser  (29-37),  Osborne  and  Veazey  (23),  and  Stott  (40), 
whose  writings  the  interested  reader  is  referred  for  further  i 
formation  and  advice. 
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Ethylbis-2/4-Dinitroph  enylacetate,  a  New  pH  Indicator 

Determination  of  Saponification  Equivalents  in  Dark-Colored  Oils 

E.  A.  FEHNEL  AND  E.  D.  AMSTUTZ 
Wm.  H.  Chandler  Chemical  Laboratory,  Lehigh  University,  Bethlehem,  Penna. 

A  new  acid-base  indicator,  ethylbis-2,4-dinitrophenylacetate,  has  been  studied  and 
its  preparation  described.  The  pH  range  over  which  the  change  from  colorless  to 
deep  blue  occurs  is  found  to  be  from  7.5  to  9.1  (pK  ca.  8.3),  making  the  indicator 
suitable  for  most  titrations  which  are  ordinarily  performed  with  phenolphthalein. 

The  indicator  gives  an  accurate  end  point  in  amber-colored  solutions  where  the 
phenolphthalein  end  point  is  not  visible,  and  it  is  therefore  recommended  for  use 
in  the  determination  of  acid  numbers  and  saponification  equivalents  of  dark-colored  oils. 


*  THE  course  of  an  investigation  on  the  preparation  and 
properties  of  substituted  phenylmalonic  esters,  the  com- 
und  identified  by  Richter  ( 6 )  as  ethylbis-2,4-dinitrophenyl- 
etate  was  obtained,  and  the  opportunity  was  taken  to  study 


N02 

I 

A 

%/~ N02 
CH— C02C2H6 

I 

no2 

J 


no2 


i  indicator  properties.  Richter  noted  the  color  change  of  this 
■mpound  from  colorless  in  acid  to  intense  blue  in  base  and  ac- 
•rdingly  suggested  its  possible  application  as  an  acid-base 
dicator,  but  he  reported  no  further  studies  along  this  line, 
he  authors’  results  show  not  only  that  the  compound  may  serve 
a  satisfactory  substitute  for  phenolphthalein  in  the  titration 
most  weak  acids  with  strong  bases,  but  also  that  it  is  specially 


suited  to  the  titration  of  orange-  and  red-colored  solutions  in 
which  the  phenolphthalein  end  point  is  not  visible.  Because  of 
the  frequency  with  which  dark-colored  oils  are  encountered  in 
organic  analysis  and  because  of  the  inadequacy  of  present-day 
methods  of  performing  titrations  with  these  products  (1-5), 
data  were  obtained  to  determine  the  applicability  of  this  indicator 
for  such  work.  It  was  found  that  satisfactory  results  are  obtain¬ 
able  even  with  extremely  dark-colored  oils  and  that  the  ac¬ 
curacy  of  the  method  approaches  that  of  ordinary  phenolphtha¬ 
lein  titrations. 


PREPARATION  AND  PROPERTIES 

The  indicator  is  not  difficult  to  prepare  and,  while  the  yield 
is  not  good,  enough  of  the  compound  may  be  obtained  from  0.5 
mole  of  dinitrochlorobenzene  to  serve  for  thousands  of  titrations. 
The  following  procedure  furnished  19.0  grams  (18.1  per  cent  of 
theoretical)  of  recrystallized  material  sufficiently  pure  for  use 
as  an  indicator. 

One-half  gram-atom  (11.5  grams)  of  sodium  was  dissolved  in 
200  ml.  of  absolute  alcohol  in  a  1-liter  three-necked  flask  fitted 
with  a  reflux  condenser,  motor  stirrer,  and  dropping  funnel.  The 
solution  was  cooled  and  0.25  mole  of  diethyl  malonate  was  added 
dropwise,  with  stirring,  over  a  30-minute  period.  Stirring  was 
continued  for  another  10  minutes  and  a  hot  solution  of  0.5  mole  of 
2,4-dinitrochlorobenzene  in  about  200  ml.  of  absolute  alcohol 
was  then  added  over  a  30-minute  period.  The  deep  red  reaction 
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mixture  was  refluxed,  with  stirring,  for  4  hours  and  allowed  to 
stand  overnight.  Enough  water  was  then  added  to  the  resulting 
olive-brown  solution  to  bring  the  volume  up  to  about  1200  ml., 
after  which  the  solution  was  acidified  with  a  little  concentrated 
sulfuric  acid,  stirred  for  20  minutes,  then  allowed  to  stand  for  30 
minutes.  The  water  layer  was  decanted  and  the  residual  tar 
washed  twice  with  water  and  finally  with  successive  200-ml.  por¬ 
tions  of  alcohol  until  a  granular  black  mass  was  obtained.  By 
repeated  washing  with  hot  alcohol  an  orange  solid  was  finally 
obtained,  which,  after  recrystallization  from  benzene,  gave  pale 
yellow  crystals  melting  at  150-153.5°  C.  (uncorrected). 

(A  small  amount  of  a  second  compound  with  indicator  proper¬ 
ties  can  be  isolated  from  the  alcohol  washings;  it  appears  to  be 
the  monophenylated  ester,  ethyl-2, 4-dinitrophenylmalonate, 
which  would  be  expected  as  an  intermediate  in  the  formation  of 
the  diphenylated  ester.  After  recrystallization  from  alcohol  this 
compound  melted  at  48°  C.  and  dissolved  in  dilute  base  to  give  a 
deep  red  color.  The  change  from  colorless  to  red  was  found  to 
occur  over  a  pH  range  of  ca.  7.2  to  9.0,  but  the  compound  is  not 
recommended  as  a  substitute  for  phenolphthalein  because  the 
change  is  less  distinct.) 
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Figure  1.  Indicator  Ranges  in  Titration  of  Potassium  Acid 
Phthalate  with  Sodium  Hydroxide 


The  exact  range  over  which  the  color  change  occurs  was  deter¬ 
mined  by  titration  of  a  buffered  hydrochloric  acid  solution  with 
sodium  hydroxide,  using  the  glass  electrode  to  measure  pH. 
About  5  drops  of  a  saturated  solution  of  the  indicator  in  50-50 
acetone-ethyl  alcohol  were  added  to  each  100  ml.  of  solution  to 
be  titrated.  At  pH  7.5  the  first  blue  tinge  appeared  in  the  solu¬ 
tion,  and  at  pH  9.1  the  change  to  deep  blue  was  complete.  (The 
indicator  has  been  successfully  used  in  the  authors’  analytical 
laboratories  by  students  who,  by  reason  of  deficiencies  in  color 
vision,  do  not  easily  recognize  the  phenolphthalein  end  point.) 

The  pK  of  the  indicator  is  therefore  about  8.3.  Figure  1 
shows  the  indicator  range  given  by  ethylbi.s-2,4-dinitrophenyl- 
acetate  compared  with  that  given  by  phenolphthalein  in  the 
titration  of  potassium  acid  phthalate  with  sodium  hydroxide. 
The  same  reversible  color  change  was  observed  to  occur  in 
anhydrous  solvents  such  as  absolute  alcohol,  dry  ether,  and  dry 
benzene. 


TITRATION  OF  DARK-COLORED  OILS 

Since  the  basic  color  of  ethylbis-2,4-dinitrophenylacetate, 
instead  of  being  masked  in  amber-colored  solutions  as  is  the 
case  with  phenolphthalein,  becomes  more  pronounced  as  a  result 
of  the  complementary  spectral  relations,  the  end  point  is 
easily  visible  even  in  titrations  involving  dark-colored  oils. 
In  order  to  check  the  accuracy  of  the  end  point  determined  under 


Table  I.  Saponification  Equivalents  Determined  for  Colored  Oil; 

(Using  ethylbis-2,4-dinitrophenylacetate  as  indicator) 


Oil 

Saponification  Equivalent 
Observed 
Calcu-  Un- 

lated  colored  Colored 

Approx; 

mate 

Color 

Densitj 

ix 

it 

Propyl  benzoate 

164 

165 

165 

1.85 

Propyl  benzoate 

164 

167 

166 

1.85 

Propyl  benzoate 

164 

166 

164 

1.85 

Ethyl-3-earbethoxy-2-furanacetate 

113 

113 

1.85 

Ethyl-3-carbethoxy-2-furanacetate 

113 

115 

1.85 

Oil  A 

256 

1.55 

Oil  A 

254 

1.55 

Oil  A  (electrometric) 

256 

1.55 

Oil  B 

... 

276 

60.3 

Oil  B 

.  .  . 

270 

60.3 

these  conditions,  saponification  equivalents  were  determined  f( 
samples  of  pure  propyl  benzoate  and  ethyl-3-carbethoxy-! 
furanacetate  both  before  and  after  the  addition  of  an  artifici; 
coloring  material.  For  this  purpose  the  addition  of  a  fe 
milliliters  of  a  highly  colored  neutral  caramel  solution  prepare 
from  pure  cane  sugar  was  found  to  be  satisfactory. 

About  0.3  gram  of  the  carefully  distilled  ester  was  weighed  ini 
a  125-ml.  Erlenmeyer  flask  and  the  mixture  was  saponified  wit 
15.00  ml.  of  a  standard  alcoholic  sodium  hydroxide  solution  a 
cording  to  the  procedure  of  Shriner  and  Fuson  (7).  The  sapon 
fication  mixture  was  titrated  almost  to  neutrality  with  standai 
acid,  5  drops  of  the  indicator  solution  were  added,  and  the  er 
point  was  determined  by  adding  an  excess  of  acid  and  bad 
titrating  with  standard  alkali  to  the  first  blue  tinge.  Sever 
milliliters  of  aqueous  caramel  were  then  added  to  the  alkalii 
solution  and  the  end  point  was  redetermined  in  the  dark  grec 
mixture  by  adding  acid  until  the  amber  caramel  color  just  r 
turned.  In  the  dark-colored  solutions  the  end  point  was  aj 
proached  from  the  basic  side,  not  from  the  acid  side  as  in  the  ca 
of  the  uncolored  solutions. 

In  Table  I  the  saponification  equivalents  thus  determine 
for  uncolored  propyl  benzoate  and  for  artificially  colored  prop; 
benzoate  and  ethyl-3-carbethoxy-2-furanacetate  are  compari 
with  the  true  values  calculated  from  the  molecular  weights 
the  esters.  The  agreement  between  the  calculated  and  tl 
observed  values  is  sufficiently  good  to  prove  the  usefulness 
the  procedure  as  an  analytical  method. 

Two  heat-bodied  linseed  oils,  one  of  which  (oil  B,  Table  I)  w. 
almost  opaque  when  viewed  by  daylight  in  thicknesses  great 
than  5  cm.,  were  studied  in  order  to  determine  the  reproducibili 
of  the  results  under  actual  working  conditions.  Oil  A  was  al 
subjected  to  electrometric  titration,  thus  affording  an  addition 
check  on  the  accuracy  of  the  results.  The  following  procedure 
recommended  as  a  working  method. 

A  sample  of  0.2  to  0.4  gram  of  the  oil  was  saponified  as  befoi 
and  after  reducing  the  alkalinity  of  the  mixture  by  titrating  i 
most  to  neutrality  with  0.25 IV  hydrochloric  acid,  5  drops 
saturated  solution  of  the  indicator  were  added.  More  acid  w 
then  run  in  imtil  the  dark  green  color  of  the  indicator  just  d. 
appeared.  Two  more  determinations  of  the  end  point  were  th 
carried  out  on  the  same  sample  by  adding  a  few  milliliters 
standard  sodium  hydroxide  solution  and  back-titrating  with  aci 
The  results  of  the  triplicate  determination  were  then  average 
and  the  saponification  equivalent  was  calculated.  The  electr 
metric  titration  on  a  saponified  sample  of  oil  A  was  performed 
the  usual  manner,  using  a  Beckman  pH  meter  and  a  glass  elei 
trode. 

As  can  be  seen  by  reference  to  Table  I,  the  values  for  oil 
obtained  by  means  of  the  relatively  simple  indicator  method  agr 
with  the  value  obtained  from  the  more  elaborate  electrometi 
method,  and  even  the  very  high  color  density  of  oil  B  does  n 
seriously  interfere  with  the  precision  of  the  determination. 

The  approximate  density  of  the  amber  color  of  both  t 
naturally  and  the  artificially  colored  oils  is  recorded  in  the  k 
column  of  Table  I  with  reference  to  0.017,17  potassium  ij 
chromate  solution  arbitrarily  assigned  a  value  of  unity.  T 
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]  ht  absorption  was  measured  by  comparison  of  the  various  oils 
|  th  the  standard  on  a  Klett-Summerson  photoelectric  colorimeter 
thout  a  filter.  With  the  instrument  adjusted  to  give  a  scale 
iding,  R,  of  zero  for  the  reference  standard,  the  ratio  of  the 
;ht  absorbed  by  the  oil,  ix,  to  that  absorbed  by  the  standard,  i,, 
is  calculated  from  the  equation 


log  '-T-  =  0.002 R 

=  antilog  0.002/2 

t. 


Thus  oil  B  has  a  light-absorbing  power  approximately  60 
nes  that  of  0.017/1/  potassium  dichromate  solution. 
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Pycnometer  for  Volatile  Liquids 

Control  of  Diffusion  as  an  Aid  in  Precision  Pycnometry 


M.  R.  LIPKIN,  J.  A.  DAVISON1,  W.  T.  HARVEY,  and  S.  S.  KURTZ,  Jr. 
Sun  Oil  Company,  Marcus  Hook  and  Norwood,  Penna. 


)is  paper  reports  the  design  of  a  pycnometer  which  is  especially 
ell  suited  for  the  determination  of  density  on  5  ml.  of  volatile  liquid 
ith  an  accuracy  of  ±0.0001  gram  per  ml. 

“URTHER  publication  in  the  field  of  density  determinations 

might  seem  unnecessary  in  view  of  the  large  number  of  de- 
ces  which  have  already  been  described.  However,  most  of 
lese  instruments  were  designed  for  a  special  purpose  and  a 
mple  pycnometer  for  general  use  in  hydrocarbon  analysis,  and 
irticularly  for  obtaining  precise  densities  on  materials  as  vola- 
le  as  pentane,  has  not  previously  been  described. 

Many  general  references  (/,  9,  15,  19,  20,  24,  29)  are  available 
a  the  determination  of  density,  and  Irving  {16)  gives  a  general 
iscussion  of  the  method  of  floating  equilibrium.  Unusual  meth- 
is  include  measuring  the  frequency  of  acoustic  vibration  {17) 
hich  is  dependent  on  the  density  of  the  surrounding  medium, 
specially  interesting  are  the  balanced  column  methods  {4,  7,11, 
3)  which  eliminate  the  use  of  an  analytical  balance,  and  which 
lerit  further  investigation. 

The  more  conventional  pycnometers,  such  as  the  pipet  types 
3,  10,  33)  and  the  Sprengel-Ostwald  type  with  its  modifications 
?,  19,  20,  23,  27),  often  involve  some  kind  of  closure  or  cap  to 
revent  rapid  vaporization  of  volatile  materials.  These  caps  are 
i  part  successful,  but  are  not  entirely  satisfactory  with  materials 
s  volatile  as  pentane  and  ether. 

In  1884  Perkin  {22)  recognized  the  advantage  of  having  both 
lenisci  remote  from  the  ends  of  the  pycnometer  arms,  so  that 
aporization  would  be  somewhat  hindered.  This  principle  is  in- 
olved  in  the  design  of  several  flask-type  pycnometers  {2,  3,  SO, 
1)  and  many  capillary-aim  pycnometers  {5,  12,  21,  22,  25,  26). 
lowever,  the  control  of  diffusion  by  the  use  of  an  unfilled  capil- 
iry  arm  has  not  been  generally  recognized  and  has  never,  as  far 
s  the  authors  are  aware,  been  discussed  on  a  quantitative  basis. 

PYCNOMETER 

The  pycnometer  which  has  been  developed  (Figure  1)  has  been 
l  use  in  these  laboratories  for  about  4  years.  It  is  of  Pyrex  and 
-  onsists  of  a  0.3-,  1-,  3-,  or  5-ml.  bulb  blown  in  one  side  arm  of  a 
apillary  U-tube.  About  2  cm.  of  the  upper  end  of  the  other 
■  ide  arm  are  bent  over  to  form  a  hook  for  filling  the  pycnometer 
y  capillary  action  and  for  hanging  the  pycnometer  in  the  bal- 
nce. 

This  hook  is  a  self-filling  device,  previously  described  by  Hen- 
ion  {14).  The  liquid  is  first  drawn  into  the  pycnometer  by 
apillary  action  and  the  pycnometer  then  fills  by  siphoning. 


1  Present  address,  U.  S.  Rubber  Company,  Passaic,  N.  J. 


Parker  and  Parker  {21)  also  used  the  principle  of  siphoning  to 
fill  their  pycnometer.  Siphoning  has  the  definite  advantage  over 
filling  by  a  suction  technique  that  it  reduces  the  loss  of  the  more 
volatile  components  of  gasoline. 

Both  upper  side  arms  of  the  U-tube  are  calibrated  in  scale  divi¬ 
sions  from  0  to  8.0  with  ten  intermediate  scale  divisions  between 
each  major  scale  division.  Each  major  scale  division  equals  10 
mm.  The  capillary  tube  should  have  a  0.6-  to  1.0-mm.  bore 
and  should  not  be  over  6  mm.  in  outside  diameter.  The  pyc¬ 
nometer  is  similar  to  those  of  Shedlovsky  and  Brown  {26)  and 
Robertson  {25),  which  feature  two  calibrated  stems  and  25-ml. 
capacity.  The  present  pycnometer,  however,  is  of  much  smaller 
capacity  and  is  easily  handled  on  an  analytical  balance.  It  is 
constructed  with  a  bulb  in  only  one  side  arm,  which  allows  the 
pycnometer  to  be  filled  easily  and  avoids  loss  of  volatile  products 
by  the  slow  rate  of  diffusion  through  unfilled  capillary  arms. 
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The  data  showing  the  restraining  effect  of  diffusion  through  a 
capillary  on  rate  of  evaporation,  summarized  in  Figure  2,  were 
obtained  using  a  preliminary  design  in  which  both  arms  of  the 
pycnometer  were  straight.  Recent  tests  with  the  pycnometer 
having  one  arm  bent  are  similar.  Total  length  referred  to  is 
the  sum  of  the  unfilled  capillary  in  both  arms  of  the  pycnometer 
and  the  rate  of  evaporation  is  the  total  rate  from  both  arms  of  the 
pycnometer  in  milliliters  per  minute.  The  rates  given  in  Figure 
2  are  based  upon  data  obtained  during  July  and  August  in  a  hot, 
drafty  laboratory.  Therefore  these  rates  are  probably  maxi¬ 
mum  since  heat  and  drafts  on  the  exposed  ends  of  the  pycnom¬ 
eter  both  increase  vaporization.  However,  these  rates  are  suffi¬ 
ciently  accurate  to  establish  the  length  of  the  unfilled  capillary 
necessary  to  avoid  volatilization.  Under  more  favorable  condi¬ 
tions  the  evaporation  rates  are  somewhat  lower  than  shown  in 
Figure  2. 

It  is  clear  from  Figure  2  that  if  total  length  of  unfilled  capillary 
is  over  10  cm.,  the  rate  of  diffusion  is  so  low  that  the  vapor  loss 
from  the  pycnometer  becomes  negligible. 

The  specification  for  these  pycnometers  is  0.6-  to  1.0-mm. 
inside  capillary  diameter.  Since  the  data  were  obtained  on  a 
pycnometer  of  1.0-mm.  capillary,  the  evaporation  losses  will  not 
be  greater  than  indicated  in  Figure  2. 

CALIBRATION  OF  PYCNOMETER 

The  pycnometer  calibration  is  based  on  the  density  of  water 
and  is  checked  with  a  pure  hydrocarbon  such  as  benzene.  [Ben¬ 
zene  may  be  easily  purified  by  the  following  procedure:  Place  5 
gallons  of  commercial  c.p.  benzene  in  a  can  surrounded  with  5  cm. 
(2  inches)  of  felt,  and  place  the  can  in  a  cold  room  at  about 
—  30°  C.  (  —  22°  F.),  or  if  this  is  not  available,  in  a  box  chilled 
with  dry  ice.  Allow  the  benzene  to  freeze  without  agitation  until 
only  about  1000  cc.  of  benzene  remain  uncrystallized.  Pour  off  the 
impure  benzene,  melt  the  crystallized  benzene  and  recrystallize. 
Each  crystallization  should  take  3  to  5  days.  Five  or  six  such 
slow  crystallizations  will  usually  give  benzene  having  a  freezing 
point  of  5.51°  C.  (31),  and  density  and  refractive  index  agreeing 
with  the  best  literature  values.] 

The  volume  at  20°  C.  of  water  free  from  air  (boiled  and  cooled 
without  agitation  shortly  before  use)  is  obtained  near  the  top,  bot¬ 
tom,  and  middle  of  the  scales  of  the  pycnometer.  The  volume 
at  20°  C.  is  calculated  by  dividing  the  weight  of  water  by 
0.99823.  A  calibration  curve  is  drawn,  plotting  the  sum  of  the 
scale  divisions  on  both  arms  as  the  abscissa  and  the  volume  in 
milliliters  as  the  ordinate.  All  points  must  fall  on  the  same 
straight  line,  which  is  the  calibration  curve  for  the  pycnometer. 
No  correction  is  made  for  air  buoyancy  in  the  water  calibration. 
Instead,  a  correction,  C,  given  by  Equation  1,  is  added  to  the 
observed  value  of  the  density  to  take  care  of  all  buoyancy  errors 
in  which  D0  =  density  in  air.  This  correction 

C  =  0.0012  X  (1  -  D0)  (1) 

is  based  on  the  use  of  an  average  value  of  0.0012  gram  per  ml.  for 
the  density  of  air  (29),  and  is  applicable  to  all  types  of  weights, 
provided  that  weights  of  the  same  density  are  used  in  both  the 
calibration  and  the  density  determinations. 

The  use  of  a  sealed  counterpoise  has  not  been  recommended, 
since  the  total  volume  of  the  5-ml.  pycnometer  is  only  about  15 
ml.  and  a  variation  in  air  density  of  ±0.00005  gram  per  ml.  will 
give  a  change  in  buoyancy  of  only  0.00075  gram.  Since  about  4 
grams  of  liquid  are  weighed,  this  buoyancy  variation  corresponds 
to  about  ±0.00015  in  the  density  of  the  sample.  This  value  is 
probably  extreme.  For  more  accurate  work,  especially  with  pyc¬ 
nometers  of  larger  size,  a  sealed  counterpoise  can  be  used  to  com¬ 
pensate  accurately  for  buoyancy  of  the  air  on  the  pycnometer  it¬ 
self.  The  buoyancy  effect  can  then  be  corrected  using  an  accu¬ 
rate  value  for  the  density  of  air,  which  is  dependent  on  the  tem¬ 
perature  and  humidity. 

Check  points  on  the  water  calibration  are  obtained  with  ben¬ 
zene.  To  obtain  volumes,  the  weights  of  benzene  are  divided  by 
0.8788.  The  density  of  benzene  in  vacuum  at  20°  C.  determined 
by  use  of  this  calibration  curve  and  Equation  1  should  be  0.87893, 
which  checks  the  values  of  0.87890  of  Timmermans  and  Martin 
(28)  and  0.87895  of  Wojciechowski  (32). 

DETERMINATION  OF  PRECISION  DENSITIES 

A.  Pure  Compounds  and  Mextures  of  Medium  and  Low 
Volatility.  The  pycnometer  is  cleaned  with  benzene  and 


dried  by  suction.  The  final  rinse  should  be  with  good  clean  bei 
zene.  Acetone  is  not  recommended  because  it  frequently  coi 
tains  nonvolatile  residue.  If  the  outside  of  the  pycnometer  i 
dirty  or  oily,  it  is  rinsed  with  benzene  and  dried  by  gently  wipin 
with  cheese  cloth  or  other  suitable  material.  [Static  charge  ii 
troduced  by  wiping  the  pycnometer  with  a  dry  cloth  is  apt  t 
cause  errors  in  weighing,  especially  in  cold  dry  weather.  Befoi 
hanging  pycnometer  on  wire  hook  in  the  balance,  observe  wheth* 
pycnometer  exerts  attraction  for  the  wire  hook  by  touching  th 
hook  with  the  pycnometer  and  gently  drawing  it  away.  Stati 
charge  can  usually  be  nullified  by  touching  the  side  of  the  pyi 
nometer  lightly  with  one’s  fingers.  If  this  procedure  will  nc 
remove  the  static  charge,  the  humidity  of  the  balance  rooi 
should  be  increased  until  the  difficulty  disappears  (about  60  p< 
cent  relative  humidity).]  The  weight  is  then  obtained  withi 
±0.0001  gram  on  a  good  analytical  balance,  after  allowing  th 
pycnometer  to  come  to  balance  case  temperature. 


TOTAL  LENGTH  UNFILLED  CAPILLARY. 


Figure  2.  Evaporation  Rates 


The  pycnometer  is  filled  in  an  upright  position  by  placing  t 
hooked  tip  in  a  vial  containing  the  liquid  until  the  liquid  leL 
reaches  scale  mark  4  on  the  bulb  side.  Liquid  level  must  be 
the  scale  when  the  pycnometer  contents  are  at  20°  C.  (68°  F 
In  hot  weather  (100°  F.),  the  contraction  to  68°  F.  on  a  3-r 
pycnometer  of  small  bore  is  approximately  10  cm.  If  roc 
temperature  is  below  68°  F.  or  the  sample  is  much  below  th 
temperature,  due  allowance  should  be  made  in  the  filling  lev 
The  level  of  liquid  in  the  vial  must  be  very  near  the  top.  Pe 
tane  will  fill  a  3-ml.  pycnometer  in  less  than  a  minute.  Me 
viscous  samples  will  fill  more  slowly.  This  pycnometer  is  r 
recommended  for  samples  more  viscous  than  gas  oil  of  50  secon  ■ 
Saybolt  viscosity  at  100°  F.  (about  7.4  centistokes). 

The  pycnometer  is  removed  from  the  sample  bottle,  and  t 
hook  which  had  been  immersed  in  the  sample  is  cleaned  with 
cloth  moistened  with  benzene  and  wiped  dry.  The  weight  is  th 
obtained  within  ±0.0001  gram. 

The  pycnometer  is  placed  for  10  to  15  minutes  in  a  verti  I 
position  in  a  glass  jar  thermostat  held  at  20.00°  ±  0.05°  C.  a! 
allowed  to  reach  that  temperature.  A  variation  of  0.05°  C.j 
equivalent  to  approximately  0.00004  gram  ml.  per  ml.  for  ga:- 
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1  hydrocarbon.  A  more  general  expression  for  the  tempera- 
,*3  coefficient  of  density  of  hydrocarbons  may  be  obtained  from 
1  correlation  of  Lipkin  and  Kurtz  (18). 

I'he  meniscus  levels  are  read  on  both  arms  of  the  instrument 
Alin  one  half  of  the  smallest  scale  unit  without  removing  the 
a  nometer  from  the  bath.  To  avoid  undue  volatilization  losses, 
1  elapsed  time  between  weighing  and  reading  the  meniscus 
ids  should  not  be  over  15  minutes.  The  volume  in  milliliters 
t-esponding  to  the  sum  of  the  readings  is  read  from  the  cali- 
tion  curve: 


_  weight  of  sample 

ensity  in  air  —  0jjservecj  voiume 


(2) 


Iquation  1  gives  the  corrections  to  be  added  to  the  determined 
Ijlsity  to  take  care  of  air  buoyancy  and  to  obtain  density  in 

uum. 

Highly  Volatile  Mixtures.  This  procedure  is  to  be 
i  on  highly  volatile  mixtures  because  it  prevents  or  reduces 
nge  in  the  compositions  of  the  sample  by  the  selective  vola- 
ation  of  the  lower  boiling  components  while  the  pycnometer 
:eing  filled  and  while  it  attains  balance  temperature. 

fhe  sample  is  cooled  to  ice  temperature,  charged  to  the  pyc- 
leter,  and  the  pycnometer  and  contents  are  allowed  to  come 
temperature,  20°  C.  The  volume  is  read,  the  instrument  re¬ 
ined  from  the  bath,  the  outside  cleaned  and  dried,  and  the 
nometer  plus  sample  weighed.  The  sample  is  then  flushed 
a  the  pycnometer  with  benzene,  and  the  pycnometer  is  dried, 

|  weighed  empty. 

lither  procedure  may  be  used  on  pure  compounds  of  high 
utility,  since  selective  loss  of  one  component  is  not  involved, 
cedure  A  is  more  convenient  for  samples  which  are  not  ex- 
nely  volatile. 

i  both  procedures  there  is  a  time  interval  between  the  meas- 
nent  of  weight  and  the  measurement  of  volume.  If  volatili- 
on  occurs  between  these  measurements  in  the  case  of  proce- 
s  A  a  high  density  will  result,  since  weight  is  measured  first, 
ffie  case  of  procedure  B,  since  volume  is  measured  first,  low 
sities  will  result  from  such  vaporization.  Such  losses  are 
ligible  except  in  the  measurement  of  very  volatile  materials 
h  as  isopentane  in  pycnometers  of  small  volume  such  as  0.3 
If  vaporization  losses  are  suspected,  the  density  should  be 
srmined  by  both  procedures  and  averaged. 


le  I.  Deviations  in  Density  Observed  Using  Pycnometers  of 
Different  Sizes'* 


0.32-MI. 

1.2-MI. 

3-MI. 

5-MI. 

»era-  Material 

Pycnom¬ 

Pycnom¬ 

Pycnom¬ 

Pycnom¬ 

tor 

Examined 

d  20 /4 

eter 

eter 

eter 

eter 

1 

Isopentane 

0.6197 

+  0.0019 

+  0.0014 

+  0.0006 

-0.0001 

I 

+0.0011 

+0.0010 

±0.0000 

-0.0001 

2 

+  0.0084 

+  0.0025 

+  0.0005 

-0.0002 

2 

+0.0040 

+  0.0011 

+  0.0001 

-0.0001 

Av. 

+  0.0038 

+  0.0015 

+  0.0003 

-0.0001 

1 

Ethyl  ether 

0.7140 

+  0.0024 

+  0.0002 

-0.0002 

-0.0005 

1 

+  0.0022 

+  0.0006 

±0.0000 

-0.0001 

2 

+  0.0044 

+0.0013 

+  0.0004 

±0.0000 

2 

+  0.0006 

+0.0001 

-0.0001 

+0.0000 

Av. 

+  0.0024 

+  0.0005 

-0.0002 

-0.0001 

1 

300-400°  F. 

0.7975 

-0.0003 

-0.0005 

-0.0001 

+0.0001 

1 

naphtha 

-0.0003 

-0.0002 

-0.0001 

,2 

+6!  0004 

-0.0007 

-0.0003 

-0.0003 

2 

-0.0004 

-0.0006 

±0.0000 

-0.0002 

Av. 

-0.0004 

-0.0005 

-0.0001 

-0.0002 

1 

(50%  iso¬ 

0.7128 

-0.0015 

+  0.0005 

-0.0002 

±0.0000 

1 

pentane) 

-0.0022 

+0.0003 

+  0.0002 

-0.0001 

2 

50%  300- 

-0.0069 

+  0.0009 

+  0.0002 

+  0.0004 

2 

400°  F. 

+  0.0019 

+  0.0012 

+0.0003 

±0.0000 

naphtha 

Av. 

-0.0031 

+  0.0007 

+0.0002 

+  0.0001 

1 

Gas  oil  50 

0.8304 

-0.0032 

-0.0005 

±0.0000 

+0.0001 

1  ’ 

sec.  Say- 

-0.0028 

-0.0008 

-  0 . 0002 

+0.0001 

2 

bolt  at 

-0.0014 

-0.0005 

-0.0001 

±0.0000 

100°  F. 

+0.0001 

-0.0010 

-0.0003 

-0.0003 

Av. 

-0.0019 

-0.0007 

-0.0002 

-0.0001 

{Obtained  using  procedure  A  and  early  design  of  pycnometer  with  both 
s  straight.  Similar  data  obtained  with  bent-arm  pycnometer  check  these 
».  Earlier  tests  are  given,  since  they  are  more  complete  than  recent  tests. 

il 


PRECISION 

Tests  of  the  precision  of  the  pycnometer  using  procedure  A  are 
shown  in  Table  I.  (Results  obtained  with  procedure  B  are  of 
comparable  accuracy.)  Two  operators  determined  the  densities 
of  isopentane,  ethyl  ether,  a  naphtha,  a  mixture  of  isopentane 
and  a  naphtha,  and  a  gas  oil.  Each  operator  made  duplicate 
determinations.  The  data  showed  that,  with  the  3-  or  5-ml. 
pycnometer,  precision  does  not  depend  on  the  operator,  and  that 
the  5-ml.  size  is  precise  to  ±0.0001,  the  3-ml.  to  ±0.0002,  the 
1-ml.  to  ±0.001,  and  the  0.3-ml.  to  ±0.002  gram  per  ml.  over 
the  entire  viscosity  and  volatility  range  between  pentane  and 
light  gas  oil. 

The  sources  of  the  larger  errors  in  determining  densities  with 
the  smaller  pycnometers  are  shown  in  Table  II.  The  effect  of 
the  various  possible  errors  on  the  final  determination  of  the  den¬ 
sity  is  given.  With  the  1-ml.  and  the  0.3-ml.  pycnometers, 
errors  in  the  scale  readings  and  weighings  are  important.  Errors 
due  to  temperature  control  and  air  buoyancy  are  the  same  with 
all  size  pycnometers,  as  indicated  in  the  table.  The  3-  and  5-ml. 
pycnometers  are  recommended  for  routine  use. 


Table  II.  Errors  in  Determined  Densities  of  Ethyl  Ether  Due  to 
Errors  of  Observation 


Volume  of 

1°  C.  Error  in 

0.5  Mg.  Error 

0.5  mm.  Error  in 

Pycnometers'* 

Temperature 

in  Weighing 

Scale  Reading 

Ml. 

O./ml. 

O./ml. 

O./ ml. 

0.25 

0.0011 

0.0020 

0.0011 

1 

0.0011 

0.0005 

0.0003 

3 

0.0011 

0 . 0002 

0.0001 

5 

0.0011 

0.0001 

0.0001 

a  Capillary  diameter  1.0  mm. 


ACCURACY 

The  data  in  column  3,  Table  I,  on  the  density  of  the  materials 
were  obtained  by  a  skilled  operator  with  the  5-ml.  pycnometer, 
and  are  believed  to  be  accurate  within  ±0.0001  gram  per  ml. 
If  this  is  true,  the  data  in  Table  I  constitute  a  test  of  accuracy  as 
well  as  of  precision.  As  a  further  test  of  absolute  accuracy  of 
the  authors’  method,  the  density  of  a  carefully  purified  sample  of 
benzene  was  determined  on  a  pycnometer  calibrated  with  water. 
The  density  at  20°  C.  was  found  to  be  0.87895.  This  result 
checks  the  literature  value  of  Timmermans  (28)  of  0.87895  cor¬ 
rected  from  15°  C.  and  the  value  of  0.87891  determined  by  Woj- 
ciechowski  (82)  corrected  from  25°,  using  the  temperature  co¬ 
efficient  of  density  values  determined  by  Timmermans. 

SPEED 

Each  determination  requires  10  to  15  minutes  of  the  operator’s 
time,  and  an  elapsed  time  of  20  to  30  minutes.  With  a  damped 
balance,  10  minutes  of  operator’s  time  per  sample  is  sufficient. 
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Apparatus  for  Measuring  the  Gas  Permeability  of 
Film  Materials  of  Low  Permeability 

A.  CORNWELL  SHUMAN 

Central  Laboratories,  General  Foods  Corp.,  Hoboken,  N.  J. 


Apparatus  is  described  for  measuring  the  gas  permeability 
of  film  materials  having  permeabilities  as  low  as  0.001  cc. 

(at  standard  temperature  and  pressure)  per  100  square 
inches  per  24  hours.  The  low  range  for  previously  reported 
methods  (water  vapor  permeability  and  balloon  fabric 
permeability)  is  about  100  cc.  per  100  square  inches  per 
24  hours.  The  apparatus  combines  simplicity  of  design, 
simplicity  of  manipulation,  and  high  sensitivity  in  a  unit 
which  can  be  fabricated  in  most  machine  shops.  The 
measurements  are  made  under  conditions  of  one  atmosphere 
pressure  differential. 

THE  packaging  of  some  foods,  drugs,  chemicals,  etc.,  requires 
flexible  films  and  paper  coatings  of  very  low  permeability  to 
fixed  gases,  particularly  oxygen.  The  need  for  film  having  a 
permeability  of  not  more  than  0.25  cc.  per  645  sq.  cm.  (100  square 
inches)  per  24  hours  has  been  pointed  out  by  Elder  (3).  This 
figure  is  entirely  out  of  the  range  usually  measured  for  balloon 
fabrics  (5),  where  permeabilities  range  from  100  cc.  per  100 
square  inches  per  hour  and  up.  The  customary  measurements 
of  water  vapor  permeability  (I,  2,  4)  of  packaging  films  are  also 
in  a  relatively  high  range — for  example,  a  “good”  water  vapor 
barrier  will  have  a  permeability  figure  of  0.1  gram  or  125  cc.  per 
100  square  inches  per  24  hours.  The  apparatus  described  in  this 
paper  is  designed  for  measurements  in  the  range  0.001  to  1000  cc. 
per  100  square  inches  per  24  hours,  and  primarily  for  the  meas¬ 
urement  of  the  fixed  gases,  although  with  some  modification  it 
might  be  also  used  for  water  vapor  permeabilities.  The  purpose 
of  this  publication  is  to  make  available  to  others  the  means  which 
the  author  has  developed  for  testing  packaging  films  of  very  low 
permeability. 

The  mechanism  of  gas  transmission  through  solids  has  not 
been  explained  thoroughly.  Oswin  discusses  this  briefly  (4). 
If  the  gas  passed  through  small  pores  or  openings  in  the  solid,  the 
situation  would  be  a  relatively  simple  one;  the  permeability  of  a 
film  to  various  gases  could  be  predicted  from  the  known  laws  of 
gas  flow  through  orifices.  However,  such  is  not  the  case.  It  is 
known  that  polyvinyl  alcohol  film  is  permeable  to  water  vapor  but 
not  to  oxygen,  and  Pliofilm  is  permeable  to  carbon  dioxide  but 


relatively  impermeable  to  oxygen.  Perhaps  a  process  of  solut 
of  gas  in  the  film  on  one  side,  diffusion  through  the  film,  £ 
evaporation  from  the  film  on  the  other  side  takes  place  in  sc 
cases. 
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The  mechanism  of  gas  transmission  through  film  determines  to 
me  extent  the  conditions  under  which  a  film  should  be  tested. 
!wo  factors  are  involved :  the  difference  in  total  pressure  on  the 
jo  sides  of  the  film  and  the  difference  in  partial  pressure  of  the 
Is  being  tested  on  the  two  sides  of  the  film.  If  permeability  is 
ie  to  gas  flow  through  orifices  in  the  film,  the  difference  in  total 
ressure  is  of  primary  importance  and  the  difference  in  partial 
•essure  is  of  secondary  importance.  If  the  permeability  is  due 
p  solubility  of  the  gas  in  the  film,  the  difference  in  total  pressure 
i!  of  no  importance,  but  the  difference  in  partial  pressures  is  im- 
jrtant.  In  the  apparatus  described  in  this  article,  the  test  is 
ade  under  the  conditions  of  atmospheric  pressure  of  the  gas 
;ing  tested  on  one  side  of  the  film  and  zero  pressure  ol  all  gases 
i  the  other  side. 

The  apparatus,  shown  in  Figures  1  and  2,  combines  simplicity 
'  design,  simplicity  of  manipulation,  and  high  sensitivity  in  a 
ait  which  can  be  fabricated  in  most  machine  shops.  Essentially 
ie  method  involves  measuring  changes  in  pressure  inside  a  small 
/aeuated  space  due  to  gas  passing  into  that  space  through  the 
Im  sample  being  tested. 

CONSTRUCTION  OF  APPARATUS 

The  manometer,  M,  is  held  in  place  by  the  nut,  N,  to  which  it 
sealed  with  Cenco  Plicene  cement  or  other  sealing  compounds 
f  good  adhesive  properties  and  low  vapor  pressure.  The  hole 
arough  the  nut  is  bored  nearly  the  same  diameter  as  the  glass 
jbe,  thereby  minimizing  the  amount  of  cement  necessary  for  this 
jal.  The  nut  is  screwed  up  against  the  thin  rubber  washer,  W, 
nd  the  entire  joint  is  coated  with  shellac  to  ensure  a  vacuum- 
ight  seal. 

Manometer  M  serves  the  dual  purpose  of  recording  the  pres- 

I  ure  change  and  of  evacuating  the  space  inside  the  apparatus. 

I I  'or  evacuation,  the  entire  apparatus  is  tipped  so  that  the  mer¬ 
it  ury  runs  over  into  the  reservoir,  R;  then  the  apparatus  is  evacu- 

ted  through  tube  B  with  stopcock  S  in  the  open  position.  After 
vacuation,  S  is  closed  and  the  apparatus  is  tipped  again  so  that 
he  mercury  runs  from  R  into  M.  In  case  air  leaks  through  S 
luring  a  test,  the  mercury  in  that  arm  of  the  manometer  will  be 
lepressed,  thus  serving  as  an  indicator  of  leakage  at  this  point 
<  without  spoiling  the  test.  The  center  arm  of  M  is  made  of  cap- 
« llary  tubing  of  about  1.5-mm.  internal  diameter  for  the  purpose 
>f  reducing  the  volume  of  gas  space  inside  the  apparatus  and 
hereby  increasing  its  sensitivity.  The  rest  of  the  manometer 
nay  be  made  of  tubing  of  any  convenient  size.  The  scale  used 
n  measuring  the  height  of  the  mercury  is  not  shown.  A  piece  of 
’  nillimeter  cross-section  paper  held  behind  the  manometer  serves 
-  rery  well  for  the  purpose. 

The  upper  part  of  the  hole  in  the  center  of  the  disk,  K,  is 
:overed  with  a  small  metal  disk,  D,  which  has  four  small  holes 
ibout  1  mm.  in  diameter  for  passing  gas  into  the  manometer 
system.  The  top  surface  of  the  small  disk  is  flush  with  the  top 
surface  of  the  large  disk,  K,  presenting  a  continuous  smooth  sur- 
’ace  for  mounting  the  film,  F. 

The  drying  agent  absorbs  all  moisture  which  passes  through  F, 
;hus  eliminating  this  gas  as  a  source  of  error  in  gas  transmission 
measurement.  Dehydrite  (anhydrous  magnesium  perchlorate) 
diluted  with  a  small  quantity  of  Indicating  Drierite  (anhydrous 
calcium  sulfate)  serves  admirably.  A  screen  fraction  passing  14- 
mesh  and  retained  on  40-mesh  has  been  found  to  be  a  convenient 
size.  In  general,  any  drying  agent  which  will  reduce  the  water 
srapor  pressure  inside  the  apparatus  to  less  than  0.5  mm.  of  mer¬ 
cury  will  serve.  A  small  plug  of  cotton  over  the  top  of  the  man¬ 
ometer  tube  will  prevent  particles  of  the  drying  agent  from 
falling  into  the  manometer. 


stopper  with  a  glass  tube  is  inserted  into  each  of  these  holes. 
The  space  between  E  and  F  is  then  flushed  out  with  gas  to  be 
measured  by  passing  the  gas  in  one  opening  and  out  the  other. 
It  has  been  shown  that  the  moisture  content  of  fixed  gases  mark¬ 
edly  affects  their  rate  of  transmission  through  some  film  mate¬ 
rials  (4)-  This  factor  may  be  controlled  by  conditioning  the  gas 
to  be  tested  before  it  is  passed  through  the  apparatus. 


Courtesy  " Modern  Packaging ” 


Figure  2.  Apparatus 

In  mounting  multi-ply  film  having  one  or  more  plies  of  a  porous 
material— for  example,  a  film  laminated  between  two  pieces  of 
paper — it  is  practically  impossible  to  obtain  a  vacuum-tight  seal 
using  stopcock  grease  between  the  paper  surface  of  the  sample 
and  K.  In  mounting  such  films,  use  has  been  made  of  a  plas¬ 
ticized  tar  as  shown  in  Figure  3.  An  edge  coating  extending 
about  0.6  cm.  (0.25  inch)  from  the  circumference  is  applied  to 
both  sides  of  the  disk  of  film  to  be  tested  by  dipping  in  the  plasti¬ 
cized  tar  (Figure  3).  The  tar-coated  disk  of  material  is  mounted 
directly  on  K  without  the  use  of  stopcock  grease.  When  cap  G 
is  screwed  into  place,  the  plasticized  tar  is  spread  out  by  the  com¬ 
pressive  forces  and  makes  a  vacuum  seal  between  F  and  K. 
Carbowax  1500  is  a  suitable  plasticizer  for  the  tar  when  used  at 
the  level  of  about  5  per  cent. 

CALCULATIONS 

Gas  tran -mission  measurements  are  conveniently  recorded  as 
cubic  centimeters  of  gas  at  standard  conditions  of  temperature 
and  pressure  transmitted  per  100  square  inches  of  surface  per  24 
hours.  Such  a  figure  is  given  by  the  following  expression : 


MOUNTING  SAMPLES 

The  film  sample,  F,  is  mounted  on  the  apparatus  as  shown  in 
the  diagram.  A  piece  of  filter  paper,  P,  is  placed  between  the 
film  and  K  to  provide  a  porous  medium  for  gas  leaking  through 
the  film  to  travel  to  the  openings  in  D  and  pass  through  the  drying 
agent  into  M.  The  part  of  F  overlapping  P  and  in  direct  contact 
with  K  is  sealed  to  the  disk  by  means  of  a  thin  film  of  heavy  stop¬ 
cock  grease  having  a  low  vapor  pressure.  This  area  of  the  film 
is  held  in  place  by  the  rubber  gasket,  C. 

Disk  E  has  two  small  holes  diametrically  opposite  one  another 
and  near  the  inside  circumference  of  the  metal  ring,  G.  When 
measuring  air  transmission,  these  openings  are  left  open  so  that 
the  space  between  E  and  F  is  filled  with  air.  When  it  is  desired 
to  measure  the  gas  transmission  for  any  other  gas,  a  small  rubber 


_P.x7v273x!°?x 

760  X  V  X  T  X  A  X 


24 

hours 


where  P  =  the  absolute  pressure  inside  the  apparatus  as  meas¬ 
ured  on  the  manometer  in  millimeters 
V  =  total  volume  of  the  inside  of  the  apparatus  in  cubic 
centimeters 

T  =  temperature  in  degrees  absolute 
A  =  surface  area  of  test  sample  (area  of  filter  paper  P  in 
square  inches) 
hours  =  time  of  test 


The  value  of  V  may  be  calculated  with  sufficient  accuracy 
(within  5  per  cent)  from  the  known  dimensions  of  the  apparatus, 
making  a  correction  for  the  volume  of  the  drying  agent  used. 


60 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  16,  No.  ] 


It  is  equal  to  the  sum  of  the  volume  of  the  holes  in  D,  the  volume 
of  the  circular  opening  containing  the  drying  agent  minus  the 
volume  of  the  drying  agent,  and  the  volume  of  the  capillary  bore 
of  the  center  stem  of  the  manometer  down  to  the  mercury  level 
in  this  stem.  The  volume  of  the  pore  space  in  P  amounts  to 
about  0.05  cc.  and  the  volume  change  due  to  a  mercury  level 
change  of  20  mm.  in  the  center  stem  of  the  manometer  amounts 
to  about  0.04  cc.  These  errors  in  volume  are  neglected. 


Figure  3 


For  the  apparatus  diagrammed  in  Figure  1,  the  value  of  V  is 
about  2  cc.,  and  the  value  of  A  is  23  sq.  cm.  (5  square  inches). 
At  a  temperature  of  30°  C.,  T  =  303°  absolute.  Substituting 
these  values  in  the  above  equation,  we  get  the  following  working 
equation: 

P/hours  X  1.14  =  cc.  of  gas  at  standard  conditions  of  tempera¬ 
ture  and  pressure  transmitted/100  square  inches/24  hours 


urements  with  this  apparatus  are  accurate  to  within  15  per  cent 
The  temperature,  time,  and  manometer  reading  may  be  deter¬ 
mined  within  a  few  per  cent.  The  principal  factors  affecting  th< 
accuracy  are  the  volume  of  the  apparatus  and  the  area  of  the  teal 
sample.  It  is  estimated  that  these  are  easily  determined  in  th< 
manner  described  within  10  per  cent  accuracy.  The  precision  o: 
reproducibility  of  measurements  on  duplicate  samples  of  the  sam< 
material  is  generally  about  10  per  cent. 


EXAMPLES 

The  following  examples  will  serve  to  typify  the  data  which  maj 
be  obtained  with  this  apparatus: 

1.  Air  transmission  for  an  impermeable  sample  (a  sample  o 
laminated  glassine  at  60  to  80  per  cent  relative  humidity). 

In  a  period  of  36  hours,  no  change  was  observed  in  the  man 
ometer.  Assuming  that  a  minimum  change  of  0.5  mm.  can  bi 
detected  on  the  manometer,  the  rate  of  change  of  the  manomete: 
was  not  greater  than  0.5/36  or  0.0139  mm.  per  hour.  The  ga; 
transmission  was,  therefore,  not  greater  than  0.0139  X  1.14,  o 
0.016  cc.  per  100  square  inches  per  24  hours. 

2.  Air  transmission  for  an  impermeable  sample  containing  i 
volatile  plasticizer  (a  polyvinyl  alcohol  coating  at  low  humidity) 

The  manometer  changes  during  the  indicated  time  interval 
were  as  follows: 


Time  Interval 
Hours 

0-1 
1-2 
2-4 
4-10 
10-40 

Total 


Rate  of  Change 
Mm. /hour 

2  2.0 

1.5  1.5 

2  1.0 

3.5  0.58 

0.5  0.017 

9 . 5 


Manometer  Change 
Mm. 


SENSITIVITY,  ACCURACY,  AND  PRECISION 

The  actual  time  required  for  a  test  with  this  apparatus  varies 
with  the  permeability  of  the  film  being  tested  and  the  limits 
within  which  it  is  desired  to  determine  the  gas  transmission  rate. 

For  example,  it  might  be  desired  to  know  whether  a  film  sample 
has  a  transmission  rate  greater  or  less  than  0.25  cc.  per  100  square 
inches  per  24  hours.  Using  the  above  equation  and  constants 
for  the  apparatus  herein  described,  this  transmission  rate  will 
produce  a  pressure  change  in  the  manometer  of  0.5  mm.  in  about 
2.5  hours:  0.5-mm.  change  is  easily  read  on  the  manometer; 
therefore,  the  failure  of  the  manometer  to  change  0.5  mm.  in  2.5 
hours’  time  is  sufficient  evidence  that  the  gas  transmission  rate  is 
less  than  0.25  cc.  per  100  square  inches  per  24  hours.  Should  the 
time  of  the  test  be  extended  five  times  as  long,  to  12.5  hours,  the 
failure  of  the  manometer  to  change  0.5  mm.  is  sufficient  evidence 
that  the  gas  transmission  rate  is  less  than  0.05  (0.25/5)  cc.  per 
100  square  inches  per  24  hours.  Further  extending  the  time  of 
the  test  thus  further  reduces  the  figure  for  the  maximum  trans¬ 
mission  rate  of  the  sample. 


It  is  evident  from  the  above  data  that  a  material  having  a  vapo 
pressure  of  about  9.5  mm.  is  evaporating  from  the  sample  am 
that  equilibrium  is  nearly  established  after  10  hours.  The  rat 
of  change  of  the  manometer  during  the  last  30  hours  of  the  tes 
was  0.0l7  mm.  per  hour.  Therefore,  the  gas  transmission  rat 
for  the  sample  was  not  more  than  0.017  X  1.14  or  0.019  cc.  pe 
100  square  inches  per  24  hours. 

3.  Air  transmission  for  a  permeable  sample  (a  thin  coating  o 
polyvinyl  alcohol). 

The  manometer  changes  during  the  indicated  time  interval 
were  as  follows: 


Time  Interval 
Hours 

0-1 

1-2 

2-4 

4-10 

10-18 

Total  18 


Manometer  Change 
Mm. 

1 . 5 

1.5 
3.0 

9.5 

11.5 

27.0 


Rate  of  Change 
Mm. /hour 

1.5 

1.5 

1.5 

1.58 

1.45 

Av.  1 . 5 


With  films  of  high  permeability,  the  mercury  in  the  manometer 
will  drop  several  millimeters  in  an  hour’s  time.  With  such  films, 
therefore,  the  test  need  not  be  extended  more  than  a  few  hours. 

Occasionally  film  samples  contain  material,  such  as  plasticizers, 
which  have  appreciable  vapor  pressures.  Such  materials  will 
vaporize  into  the  apparatus  and  depress  the  mercury  in  the  man¬ 
ometer.  This  may  be  mistaken  for  gas  transmission  through  the 
film,  but  may  be  distinguished  from  gas  transmission  by  the  fact 
that  the  pressure  will  reach  a  constant  value,  the  rate  of  change 
of  pressure  decreasing  as  this  value  is  approached.  It  is  there¬ 
fore  necessary  to  make  readings  of  the  manometer  at  intervals 
during  the  test  and  calculate  the  rate  of  manometer  change  for 
each  interval.  If  the  rate  of  change  is  constant,  it  is  due  to  gas 
transmission  through  the  film,  but  if  it  is  a  decreasing  rate  of 
change,  the  change  is  due  at  least  partly  to  vaporization  of  some 
volatile  material  from  the  film. 

The  required  accuracy  is  not  very  great  for  measurements  of 
permeability  of  film  packaging  materials  where  values  might  vary 
a  millionfold  among  various  materials  and  a  thousandfold  among 
various  samples  of  the  same  material.  It  is  estimated  that  meas¬ 


The  constancy  of  the  rate  of  change  figures  indicates  that  thi 
sample  is  permeable  to  air.  The  rate  of  gas  transmission  i 
1.5  X  1.14,  or  1.71  cc.  per  100  square  inches  per  24  hours. 
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Because  of  critical  shortages,  the  American  Chemical 
Society  has  been  forced  to  cut  its  use  of  paper  to  an  abso¬ 
lute  minimum.  It  will  no  longer  be  possible  to  print  the 
customary  number  of  extra  copies  to  supply  demands 
for  volumes  and  sets  in  subsequent  years.  Therefore,  it 
is  suggested  that  subscribers  who  do  not  bind  their 
journals  save  current  issues  for  later  sale. 
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SIMPLE  large-capacity  extraction  apparatus  has  been 
described  by  Smallwood  (£). 

The  frequent  need  for  extraction  apparatus  of  larger  capacity 
n  the  conventional  Soxhlet  extractors  for  research  as  well  as 
r  small  pilot  production  justifies  a  description  of  the  improved 
-glass  apparatus  which  has  been  in  satisfactory  operation  in 
s  laboratory  for  a  number  of  months. 


The  apparatus  is 
shown  in  Figure  1, 
after  removal  of  the 
insulation.  It  is  de¬ 
signed  for  operation  at 
either  ordinary  or  re¬ 
duced  pressures  and  is 
equipped  to  permit  the 
collection  of  all  engi¬ 
neering  data  required 
for  pilot  work.  It  is 
made  of  standard 
Pyrex  parts  with  Ace 
spherical  joints,  size 
35/25.  The  boiler  is 
a  three-neck  12-liter 
flask  installed  in  a 
Glas-Col  heater  pro¬ 
vided  with  proper  in¬ 
put  control  (rheostat 
and  ammeter)  and 
pyrometer.  The  ex¬ 
tractor  has  a  total 
capacity  of  8  liters. 
In  order  to  obtain  a 
sufficient  speed  of  ex¬ 
traction  the  hot  sol¬ 
vent  vapor  is  fed  at 
the  top  of  the  600-mm. 
Allihn  condenser,  in¬ 
stead  of  the  bottom, 
as  in  the  conventional 
Soxhlet.  Experiment 
has  shown  that  flood¬ 
ing  occurs  with  the 
conventional  design  at 
a  distillation  rate  of  3 
liters  per  hour  at  ordi¬ 
nary  pressure  and  1.5 
Figure  1  liters  per  hour  at  74.1 

mm.  hg.  (27-inch) 
vacuum  in  the  pres- 

-  nee  of  alcohol  vapor,  with  a  condensing  area  of  640  sq.  cm. 

-  ooled  with  brine,  whereas  the  present  design  permits  an  extrac- 
ion  of  5.5  liters  per  hour  at  ordinary  pressure  and  over  4  liters 
>er  hour  in  vacuum  with  a  condensing  area  of  only  350  sq.  cm. 

When  used  under  vacuum,  excessive  evaporation  of  the  solvent 
n  the  extractor  is  prevented  by  a  oack-condenser  inserted  in  the 
'acuum  line  (350-sq.  cm.  Allihn  Pyrex  vertical  condenser)  at  the 
evel  of  the  side  connection  of  the  8-liter  bell  jar  forming  the 
•xtractor. 

Inasmuch  as  the  sudden  emptying  of  the  large  extractor  into 
he  hot  boiler  could  be  dangerous,  particularly  with  very  volatile 
olvents,  the  return  U-tube  is  provided  with  a  glass  stopcock 
vhich  permits  either  controlled  periodical  or  continuous  circula¬ 
tion  of  the  solvent.  A  sampling  outlet  is  provided  at  the  bottom 
>f  the  extractor. 

i  The  condensers  can  be  cooled  with  either  water  or  brine,  and 
,he  piping  circuit  includes  the  necessary  valves  and  measuring 
levices  for  determination  of  the  heat  balance. 


temperature  was  always  lower  than  39.3°  C.,  the  difference  being 
probably  accounted  for  by  the  presence  of  noncondensable  gas 
in  the  vapor  phase,  which  is  difficult  to  avoid  in  apparatus  of 
relatively  large  size.  Despite  the  length  of  the  vapor  fine,  the 
apparatus  appears  well  suited  for  use  with  mixed  or  diluted 
solvents. 

Some  determinations  of  the  approximate  heat  balance  have 
been  made  and  one  typical  result  is  reported  in  Table  II. 


Table  I.  Performance  of  Apparatus 

Head  Boiler  Extract 


Tem- 

Tem- 

Tem¬ 

Absolute 

Over¬ 

Plate 

perature  perature 

perature 

Pressure 

head 

Bottom 

No.“ 

°  C. 

0  C. 

°  C. 

Mm.  Hg 

Mole  % 

Mole  % 

32 

36 

27 

109 

73.0 

23.5 

1.4 

29 

35 

26 

100 

62.8 

23.5 

1.1 

°  Over-all  theoretical  plate  number.  Although  a  certain  reflux  takes  place 
from  the  top  of  the  vapor  line  downward,  no  liquid  is  ever  carried  back  to  the 
still  pot  when  the  heat  input  is  correctly  adjusted.  Therefore  the  phases  in 
equilibrium  considered  for  the  calculation  of  the  “'over-all  theoretical  plate 
number”  were  the  still  pot  liquid  composition  and  the  distillate  composi¬ 
tion,  respectively.  No  flow  measurement  is  involved  in  this  calculation. 
However,  the  rate  of  distillation  can  be  determined  by  measuring  the  time 
required  to  fill  the  extractor  whose  capacity  is  known;  this  operation  re¬ 
quires  shutting  off  the  stopcock  on  the  return  U-tube  for  only  a  short  time. 


The  data  reported  show  the  excellent  performance  of  the 
apparatus.  They  demonstrate  the  possibility  of  obtaining  a  rate 
of  extraction  much  faster  than  hitherto  reported  with  large  all¬ 
glass  laboratory  apparatus,  while  at  the  same  time  maintaining 
a  satisfactory  and  economical  heat  balance  so  that  the  extraction 
can  be  carried  out  under  conditions  more  closely  resembling 
those  of  plant  operation. 


Table  II. 

Heat  Input  from  Distillate 

A.  Heat  of  condensation 

Rate  of  distillation,  ml.  per 
min.,  80 

Distillate,  sp.  gr.,  0.840 
Ethanol,  mole  %,  62.8 
Water,  mole  %,  37.3 
Sp.  heat  of  ethanol,  204.26 
Sp.  heat  of  water,  579.3 
A  =  23,103.96  calories  per  min. 

B.  Heat  of  of  cooling  of  distillate 

Temperature  decrease,  °  C., 
29-26°  =  3° 

Sp.  heat  of  62.8  mole  %  of 
ethanol  at  23°  C.,  calories 
per  gram,  72.0 
B  =  145.15  calories  per  min. 

Total  heat  input,  23,249.11  calories 
per  min. 


Heat  Balance 

Heat  Output  (to  Brine) 

Rate  of  brine  flow,  liters  per  min., 
5.6 

Brine,  sp.  gr.,  1.20 
Brine,  sp.  heat,  0.7 
Input  temperature,  °  C.,  8.0 
Temperature  increase,  °  C.,  8.1 
Weight,  gal.  of  water,  lb.,  8.33 

Heat  output,  81.4  B.t.u.  or  20,462.4 
calories  per  min. 


Balance* 1 2 3,  2787  calories  per  min.  or 
11.9% 


a  “Balance”  represents  summed  effect  of  heat  losses  from  the  still  pot 
and  the  vapor  line,  the  thermometers,  various  experimental  uncertainties, 
and  some  simplifying  assumptions  made  in  calculation  of  the  quantities 
involved. 
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Table  I  indicates  the  performance  of  the  apparatus  in  two 
Afferent  experiments. 

The  volatility  involved  in  calculating  the  over-all  theoretical 
olate  number  has  been  calculated  from  the  recent  data  of  Beebe 
ind  co-workers  (7) :  For  x /  =  24.10  and  x0  =  56.75  the  overhead 


(1)  Beebe,  A.  H.,  Coulter,  K.  E.,  Lindsay,  R.  A.,  and  Baker,  E.  M., 

Ind.  Eng.  Chem.,  34,  1501  (1942). 

(2)  Smallwood,  E.,  Ind.  Eng.  Chem.,  Anal  Ed.,  14,  903  (1942). 

Presented  before  the  Division  of  Industrial  and  Engineering  Chemistry 
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A  Continuous  Liquid-Liquid  Extractor 

IRWIN  A.  PEARL 

The  Institute  of  Paper  Chemistry,  Appleton,  Wis. 


RECENTLY  Kieselbach  ( 1 )  introduced  a  new  principle  into 
the  field  of  liquid-liquid  extractors  for  use  with  mixtures 
which  tend  to  emulsify.  His  extractor,  using  air  agitation  and  a 
settling  chamber  for  the  separation  of  any  emulsion  formed,  made 
possible  the  rapid  extraction  of  solutions  formerly  taking  as  long 
as  several  weeks.  However,  Kieselbach’s  extractor  has  a  number 
of  disadvantages,  chief  among  which  are  the  facts  that  a  separate 
extractor  is  necessary  for  each  desired  volume  of  solution  to  be 
extracted  and  that  very  stable  emulsions  do  not  separate  in  the 
narrow  settling  chamber. 

The  apparatus  herein  described  was  an  attempt  to  increase  the 
utility  of  Kieselbach’s  extractor  for  use  with  strongly  emulsifying 
sulfite  waste  liquor  reaction  mixtures  varying  in  volume  from 
250  cc.  to  several  gallons.  The  extractor  unit  is  actually  an 
adapter  to  be  used  with  standard-taper  glass  bottles  or  flasks. 
It  is  made  from  readily  available  stock  glassware  and  requires 
a  minimum  of  glass  blowing. 


Fi3ure  1 


The  operation  of  the  complete  extractor  assembly  drawn  to 
scale  in  Figure  1  is  identical  to  Kieselbach’s.  The  extractor  unit 
was  used  successfully  for  extracting  solutions  contained  in  vessels 
ranging  from  250-cc.  flasks  to  12-liter  bottles. 

The  mixing  chamber,  A,  was  made  by  sealing  together  two 
standard-taper  glass  joints.  The  upper  joint  in  this  case  was 
24/40,  although  any  size  compatible  with  other  equipment  is  sat¬ 
isfactory.  The  lower  joint  was  29/42;  because  of  the  possibility 
of  constriction,  a  smaller  standard-taper  joint  should  not  be  used. 
Both  standard  joints  were  connected  to  28-mm.  outside  diameter 
tubing.  A  500-cc.  Erlenmeyer  flask  served  as  the  settling  cham¬ 
ber,  B,  and  was  connected  to  the  mixing  chamber  by  a  short 
piece  (30  mm.)  of  25-mm.  outside  diameter  tubing.  A  24/40 


standard-taper  joint  was  used  for  the  connection  to  the  boilii 
flask,  C.  Tubing  of  at  least  10-mm.  outside  diameter  should 
used  for  the  glass  part  of  the  trap,  D;  otherwise,  the  passage 
very  slowly  breaking  emulsions  is  impeded.  The  trap  itself  w 
made  of  a  short  length  of  fairly  thick-walled  neoprene  tubir 
The  inner  tube,  E,  was  made  by  sealing  a  piece  of  8-mm.  outsi 
diameter  glass  tubing  to  a  stock  gas  inlet  adapter.  The  leng 
of  the  tube  depended  upon  the  size  of  the  flask  containing  t 
material  to  be  extracted.  If  a  number  of  gas  inlet  adapters  a 
not  available,  a  10/30  standard  joint  may  be  sealed  to  the  sto 
adapter  and  a  number  of  8-mm.  tubes  with  standard  10/30  join 
of  lengths  to  fit  various  flasks  or  bottles  may  be  used. 

The  completion  of  the  extraction  is  usually  determined  by  t 
change  in  color  taking  place  in  the  settling  chamber.  Howevi 
in  the  case  of  extractions  of  colorless  substances,  samples  of  t 
solvent  layer  in  the  settling  basin  may  be  taken  periodically  ' 
lowering  the  solvent  solution  interface  (by  withdrawing  a  fit- 
solution  through  the  gas  inlet  tube,  E)  and  the  appropriate  x. 
of  several  screw  clamps  on  the  rubber  trap.  (Richard  Kies 
bach,  after  reviewing  the  paper,  suggested  that  the  settli 
chamber  might  be  provided  with  a  tubulature,  close  to  the  poi 
which  used  to  be  the  neck  of  the  Erlenmeyer  flask,  which  wot 
permit  sampling  without  interruption  of  the  operation  of  the  t 
tractor.  This  should  prove  a  valuable  modification  of  the  prese 
apparatus  when  dealing  with  colorless  solutions.) 

A  glass  T  in  the  rubber  trap  may  be  used  if  a  number  of  su 
solutions  are  to  be  encountered.  When  the  extraction  is  co: 
plete,  the  solvent  in  the  settling  basin  may  be  drawn  off  in  ti 
manner  described  above.  These  advantages  make  the  rubt : 
trap  preferable  to  the  all-glass  U-trap.  In  addition,  the  gkl 
blowing  is  greatly  simplified.  An  Erlenmeyer  flask  was  used  1 
the  settling  chamber  because  many  fairly  stable  emulsions  c 
not  break  in  the  small-diameter  settling  basin  of  the  earlier  £ 
paratus.  The  shape  of  the  Erlenmeyer  flask  is  admirably  suit 
for  this  purpose  because  the  slopes  of  its  base  and  sides  (when  i 
the  position  shown  in  Figure  1)  facilitate  rapid  separation  of  t : 
two  liquid  phases.  Furthermore,  this  design  is  relatively  eo  • 
pact.  For  maximum  applicability,  the  seals  at  both  ends  of  t ; 
Erlenmeyer  flask  should  be  at  the  same  level.  The  size  of  1 3 
flask  depends  upon  the  nature  of  the  solutions  encountered.  I  r 
fast-breaking  emulsions  a  250-cc.  flask  may  be  used,  there.’ 
holding  up  less  solvent  in  the  settling  chamber.  If  a  large  mixi ; 
chamber  is  used  with  a  correspondingly  increased  air  stream  i 
larger  settling  chamber  should  be  used.  The  specifications  of  1 5 
entire  apparatus  are  flexible. 

When  extracting  materials  subject  to  oxidation  by  air  a  stre;  i 
of  inert  gas  should  be  used  for  agitation.  Furthermore,  when  ■  - 
tracting  gas-saturated  solutions  (such  as  bicarbonate  or  bisufi  s 
solutions),  carbon  dioxide  or  sulfur  dioxide,  respectively,  may  s 
used  advantageously  as  the  agitating  gas.  In  extractions  of  lai  e 
volumes  of  solutions  with  corresponding  increases  in  time,  Is 
loss  of  solvent  due  to  extrainment  in  the  exit  gases  may  beco:  s 
appreciable,  and  more  solvent  may  have  to  be  added  to  the  boili  z 
flask.  In  this  case  advantage  may  be  taken  of  a  two-necl  i 
boiling  flask.  A  long  efficient  reflux  condenser  should  always  e 
used.  An  active  carbon  trap  is  useful  for  recovering  larji 
amounts  of  solvents. 

A  large  apparatus,  using  semiball  joints,  for  use  with  22-,  5', 
and  72-fiter  flasks  was  fabricated  according  to  specifications  y 
the  Scientific  Glass  Apparatus  Co.,  Bloomfield,  N.  J. 

LITERATURE  CITED 
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Determination  of  Small  Amounts  of  Acrylonitrile  in  Air 

G.  W.  PETERSEN  and  H.  H.  RADKE 
Industrial  Hysiene  Laboratory,  The  B.  F.  Goodrich  Company,  Akron,  Ohio 


'HE  recent  widespread  use  of  acrylonitrile  in  the  manu¬ 
facture  of  one  type  of  synthetic  rubber  has  made  it  impera- 
e  that  a  quantitative  method  for  its  determination  in  air  be 
^■eloped.  The  toxicity  experiments  conducted  by  the  U.  S. 
blic  Health  Service  (1)  indicate  that  the  maximum  allowable 
lit  for  acrylonitrile  is  in  the  neighborhood  of  20  p.p.m.  Con- 
[uently,  an  analytical  method  must  be  accurate  to  at  least 
it  concentration.  As  far  as  is  known  no  analytical  method 
5  yet  been  reported.  The  Raleigh-Jeans  gas  interferometer 
;  been  used  for  concentrations  above  90  p.p.m.  Below  this 
Lire  the  results  are  questionable  (3).  In  addition,  the  gas  inter- 
lometer  is  not  very  satisfactory  for  field  use  where  mixtures 
[vapors  are  likely  to  be  encountered. 


METHOD 

Jr  he  method  developed  in  this  laboratory  depends  upon  a 
‘idified  Kjeldahl  reaction  in  which  the  absorbing  solution 
■itaining  the  acrylonitrile  is  made  strongly  alkaline  with  sodium 
sdroxide  and  then  oxidized  with  hydrogen  peroxide.  Upon 
[luxing,  the  acrylonitrile  is 
,iverted  quantitatively  to 
‘tmonia,  which  is  distilled 
fer  and  collected  in  a  stand- 
>1  acid  solution.  The 
lount  of  ammonia  evolved 
determined  by  titration  of 
i  excess  acid.  The  acrylo- 
rile  vapors  are  absorbed 
•  cold  concentrated  sulfuric 
d  contained  in  a  suitable 
sorption  trap.  This 
thod  is  limited  by  the  fact 
it  there  can  be  present  in 
|e  contaminated  air  no 
:rogen-bearing  compounds 
;ier  than  acrylonitrile. 

PROCEDURE 

(Sampling.  Two  absorp- 
|n  traps  (Figure  1)  are  filled 
'  a  depth  of  about  2.5  cm. 

'inch)  with  glass  beads,  and 
:ml.  of  concentrated  sul- 
iic  acid  are  added  to  each 
,p.  The  traps  are  con- 
cted  in  series  and  put  in 
'water-ice  bath.  The  air 
nple  is  drawn  through  at 
^maximum  rate  of  0.4  liter 
I*  minute.  The  rate  of 
npling  is  accurately  meas- 
L;d  by  means  of  a  rotam- 

!r.  The  volume  of  air  sampled  should  be  such  that  the 
I  al  sample  consists  of  approximately  6  mg.  of  acrylonitrile. 
|.e  sample  is  then  washed  into  the  reflux  flask  (Figure  2),  and 
gram  of  copper  acetate  is  added  as  an  inhibitor  to  prevent 
lymerization. 

Analysis.  Twenty-five  milliliters  of  0.025 N  sulfuric  acid  are 
betted  into  the  titration  beaker  and  diluted  with  distilled  water 
Itil  the  bubbler  is  at  least  1.25  cm.  (0.5  inch)  below  the  surface. 
;e  reflux  flask  containing  the  sample  is  put  into  place  and  the 
stem  is  completely  closed.  The  acid  sample  is  made  alkaline 
adding  50  ml.  of  50  per  cent  sodium  hydroxide  to  the  closed 
item  by  means  of  the  separatory  funnel.  The  residual  sodium 
droxide  in  the  reflux  condenser  is  washed  down  with  10  ml. 
distilled  water,  and  20  ml.  of  30  per  cent  hydrogen  peroxide 
■  then  added  slowly  from  the  separatory  funnel.  When  the 
dition  is  completed,  the  sample  is  refluxed  gently  for  30  minutes, 
the  end  of  the  reflux  time,  the  water  is  drained  from  the  reflux 
idenser  and  approximately  one  half  of  the  sample  is  distilled 
er.  The  second  condenser  is  then  washed  down  with  distilled 


Figure  1.  Absorption  Trap 

A.  Glass  outlet  tube 

B.  One-hole  rubber  stopper 

C.  0.25-inch  test  tube 

D.  Glass  beads 

E.  Glass  inlet  tube 


Table  I.  Accuracy  of  Method  over  Wide  Range  of 
Concentrations 


Theoretical 

Sampling 

Concentration 

Rate 

Time 

P.p.m. 

L./min. 

Min. 

400 

0.4 

20 

200 

0.4 

35 

100 

0.4 

75 

50 

0.4 

150 

25 

0.4 

180 

Mg. 

- Yield - 

P.p.m. 

% 

6.54 

394 

98.5 

5.51 

189 

94.6 

6.12 

97.9 

97.9 

6.29 

50.6 

101.2 

4.50 

30.0 

120.0 

water,  and  the  excess  sulfuric  acid  is  titrated  with  O.OliV  sodium 
hydroxide,  using  methyl  red  as  the  indicator. 

The  concentration  of  acrylonitrile  is  calculated  as  follows: 

P.p.m.  =  (25.00 Na  -  NbVb)  X^XC 

ts 


when  N a.  =  normality  of  H2S04 

V b  =  ml.  of  NaOH  used  in  titration 
Fs  =  volume  of  air  sampled,  liters 
Nb  =  normality  of  NaOH  used  in  titration 
C  =  22,400  corrected  to  sampling  pressure  and  t  em- 
perature 


DISCUSSION 


The  analysis  is  based  upon  Radziszewski’s  reaction  (3).  The 
mechanism  is  as  follows: 

O 

H202  NaOH  # 

RCN — 3-R— C— HN2 — >NH3  +  R— C 

II  A  \ 

0  ONa 


Figure  2.  Apparatus  for  De¬ 
termination  of  Acrylonitrile 

A.  200-cc.  balloon  flask 

B.  Ground-glass  joint 

C.  Reflux  condenser 

D.  Separatory  funnel 

E.  No.  2  condenser 

F.  Sintered-glass  bubbler 


The  use  of  hydrogen 
peroxide  reduces  the  re¬ 
flux  time  from  4  hours 
to  0.5  hour,  and  also 
drives  the  reaction  to 
completion.  Low  yields 
due  to  polymerization 
of  the  acrylonitrile  are 
prevented  by  the  addi¬ 
tion  of  copper  acetate 
as  an  inhibitor,  and  by 
limitation  of  the  size  of 
the  sample.  A  sample 
containing  approxi¬ 
mately  6  mg.  of  acrylo¬ 
nitrile  proved  to  be  most 
satisfactory  because  it  is 
dilute  enough  to  pre¬ 
vent  polymerization  and 
yet  large  enough  to  give 
an  accurate  analysis. 
The  maximum  sampling 
rate  of  0.4  liter  per 
minute  is  very  critical 
for  the  type  of  absorp¬ 
tion  equipment  de¬ 
scribed  in  this  article. 
A  higher  rate  will  re¬ 
sult  in  loss  of  sample. 
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Table  I  contains  the  results  of  the  analyses  of  known  concen¬ 
trations  of  acrylonitrile  vapors,  prepared  in  a  gas  chamber  of 
1000  liters’  capacity  by  the  introduction  of  measured  amounts 
of  liquid  acrylonitrile.  The  various  concentrations  were  chosen 
to  indicate  the  accuracy  of  the  method  over  a  wide  range. 

Over  the  entire  range  of  concentrations  the  only  variable  is 
the  time  of  sampling.  The  large  relative  error  in  the  analysis 
of  the  25  p.p.m.  samples  is  misleading,  since  the  actual  error 
is  only  5  p.p.m.  The  principal  reason  for  the  error  in  the 
results  of  the  low  concentrations  is  the  difficulty  of  measuring 
the  exceedingly  small  amounts  of  liquid  acrylonitrile  required 
in  making  up  these  concentrations  in  the  1000-liter  gas  chamber 
available. 
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Spectrophotometric  Determination  of  Iodine  Liberated  in 
the  Oxidation  of  Carbon  Monoxide  by  Iodine  Pentoxide 

BERNARD  SMALLER  AND  JOHN  F.  HALL,  JR. 

Aero  Medical  Laboratory,  Army  Air  Forces,  Wright  Field,  Dayton,  Ohio 


A  spectrophotometric  method  for  measuring  the  iodine 
liberated  in  the  oxidation  of  carbon  monoxide  by  iodine 
pentoxide  is  described.  The  iodine  concentration  was 
measured  at  350  millimicrons  against  a  water  blank,  using  a 
Coleman  photoelectric  spectrophotometer.  Results  in  terms 
of  carbon  monoxide  were  calculated  by  the  use  of  a  for¬ 
mula  derived  from  the  calibration  curve  and  the  chemical 
reactions  involved.  The  method  is  sensitive,  convenient 
(requiring  the  preparation  of  only  one  reagent,  1  per  cent 
potassium  iodide),  and  reliable  for  concentrations  of 
carbon  monoxide  as  low  as  0.005  to  0.001  per  cent. 

The  range  of  applicability  is  0.001  to  approximately  0.2 
per  cent.  Interfering  substances  (gasoline  vapor,  water, 
etc.)  are  effectively  removed  by  the  use  of  chromic  acid, 
silica  gel,  and  phosphorus  pentoxide  as  the  absorbing  or 
"scouring"  agents.  As  described,  the  method  has  an 
accuracy  of  ±10  per  cent  in  the  range  0.001  to  0.010  per 
cent  carbon  monoxide.  For  analyses  of  carbon  monoxide 
concentrations  above  0.010  per  cent  and  within  the  limits 
of  usefulness  of  the  apparatus  (0.2  per  cent)  the  accuracy 
of  the  method  is  increased  to  ±3  to  5  per  cent. 

ONE  of  the  standard  methods  and  probably  the  most  widely 
used  quantitative  procedure  at  present  available  for  the  de¬ 
termination  of  small  amounts  of  carbon  monoxide  in  air  is  the 
iodine  pentoxide  method.  Numerous  workers,  including  Edell 
( 1 ),  Sendroy  (8),  and  Vandaveer  and  Gregg  ( 4 ,  5)  have  suggested 
modifications  or  have  added  improvements  to  the  method  as 
originally  introduced  by  de  la  Harfe  and  Reverdin  (2) . 

In  these  methods  the  gas  sample  is  usually  first  passed  through 
chromic  acid  to  remove  volatile  hydrocarbons,  then  through  po¬ 
tassium  hydroxide  and  phosphorus  pentoxide  to  remove  water 
vapor,  and  finally  over  dry  solid  iodine  pentoxide  at  150°  to  160  0  C. 
to  produce  quantitatively  the  volatile  products  carbon  dioxide 
and  iodine.  These  are  absorbed  or  collected  in  barium  hydrox¬ 
ide  in  case  carbon  dioxide  is  measured,  or  in  potassium  iodide  in 
case  the  iodine  is  to  be  determined.  Iodometric  measurement  by 
titration  with  sodium  thiosulfate,  using  starch  as  the  indicator, 
has  been  generally  adopted  as  the  method  of  choice. 

However,  the  necessity  for  frequent  determinations  in  this 
laboratory  of  low  (0.005  to  0.001  per  cent)  carbon  monoxide 
concentrations  disclosed  several  difficulties  and  disadvantages 
which  made  desirable  some  other  means  of  measuring  the  iodine 


liberated.  The  following  may  be  mentioned  specifically:  (1)  th 
very  dilute  (0.001N)  sodium  thiosulfate  solutions  used,  becaus 
of  a  slow  rate  of  decomposition,  require  periodic  checks  upo 
their  concentration;  (2)  slight  overtitration  of  the  end  point  is 
potential  source  of  error;  and  (3)  duplicate  titrations  on  the  sam 
sample  are  sometimes  impossible. 

I 

APPARATUS  AND  REAGENTS 

Iodine  pentoxide  apparatus.  Coleman  photoelectric  spectre 
photometer,  Model  10S.  One  per  cent  potassium  iodide  solutio 
(Merck’s  c.p.  granular  potassium  iodide  is  satisfactory).  Pipet: 
10.0,  1.0,  and  0.2  cc. 

METHODS  AND  PROCEDURE 


The  above-mentioned  difficulties  could  be  eliminated,  it  we 
found,  by  the  use  of  a  spectrophotometric  method  of  measurin 
the  iodine  concentration.  For  this  purpose  a  Coleman  doubi 
monochromator  photoelectric  spectrophotometer  (Model  10£ 
having  a  range  of  350  to  1000  millimicrons  was  used.  Detei 

ruinations  of  the  spectri 
transmittance  of  iodine  in 
per  cent  potassium  iodid 
the  calibration  curve  relatir 
concentrations  to  logarithj 
of  the  percentage  transmi 
tance,  as  well  as  all  mea 
urements  of  iodine  concer 
tration  in  blanks  and  ur 
known  samples  were  pe 
formed  with  this  instrumen 


Figure  1.  Absorption  Tube 


The  spectrophotometr 
method  of  measuring  tl 
amount  of  iodine  in  a  1  pi 
cent  potassium  iodide  soli 
tion  requires  no  chemic: 
reaction  of  the  iodine  but  ; 
dependent  only  upon  tl 
absorption  of  light  by  tl 
iodine  in  solution.  For  tl 
range  of  iodine  concentr: 
tions  used  this  absorptic ! 
has  been  observed  to  folio 
Beer’s  law,  in  that  the  reli 1 
tionship  between  th 
logarithm  of  the  percental 
transmittance  and  the  coi 
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WAVE  LENGTH  -  MILLIMICRONS 

Figure  2,  Spectral  Transmission  Curve  of  Iodine 
(5  X  10-SN) 

In  1  percent  potassium  iodide  solution  as  determined  with  Coleman 
photoelectric  spectrophotometer  (Model  10S)  using  a  5-mm.  slit. 
Cuvettes  were  circular  tubes  of  16. 5-mm.  diameter  and  comparison 
tube  was  a  blank  solution  (10  cc.)  of  1  per  cent  potassium  iodide 


:ntration  of  absorbing  material  (iodine  in  1  per  cent  potassium 
dide)  is  linear  and  the  calibration  curve  is  a  straight  line, 
his  may  be  expressed  as: 

Concentration  =  K'  X  '°P^- 

here  To  equals  the  intensity  of  incident  light,  T  equals  the  in- 
:nsity  of  transmitted  light  (after  passing  through  sample),  and 
equals  the  calibration  constant  expressing  the  relationship 
etween  concentration  of  iodine  in  1  per  cent  potassium  iodide 
ilution  and  the  logarithm  of  the  percentage  transmittance.  Ab- 
jrption  of  light  by  iodine  (5  X  10~61V)  in  1  per  cent  potassium 
idide  increases  as  the  wave  length  of  light  used  decreases  into 
ie  ultraviolet.  As  a  result  of  this  observation  all  measurements 
ere  made  at  350  millimicrons,  the  point  of  greatest  absorption 
f  the  wave-length  range  available  with  this  type  spectrophotom- 
ter. 

Gas  samples  are  collected  in  calibrated  metallic  containers  of 
pproximately  1600-  to  1700-cc.  (STP)  capacity;  smaller  200- 
o  250-cc.  (STP)  glass  tonometers  may  be  used  for  sampling  pur- 
oses,  but  give  less  satisfactory  results.  The  samples  are  then 
■assed  through  the  iodine  pentoxide  apparatus  by  displacement 
rith  water,  this  method  being  preferable  from  the  standpoint  of 
afety,  ease  of  adjustment,  and  convenience  to  the  suction  method 
sually  employed.  It  was  experimentally  observed  that  the 
isplacement  of  the  1600-  to  1700-cc.  sample  in  60  minutes  fol- 
Dwed  by  a  30-minute  flushing  with  nitrogen  gas  at  the  same  rate 
f  flow  gave  most  accurate  results.  However,  size  of  sample,  its 
oncentration,  and  degree  of  accuracy  demanded  are  all  factors 
rhich  may  modify  the  time  necessary  to  complete  an  analysis. 

For  the  collection  of  the  liberated  iodine  the  original  Gomberg 
ube  used  routinely  with  the  iodine  pentoxide  apparatus  was  re¬ 
placed  by  an  absorption  tube  designed  and  adapted  by  J.  W. 
leim  of  this  laboratory  for  the  present  method  of  analysis  (Figure 
, ).  The  iodine  passes  through  the  collecting  tube,  which  extends 
Imost  to  the  bottom  of  the  absorption  vessel,  and  bubbles  out 
hrough  the  sintered-glass  filter  at  its  end.  The  amount  of  iodide 
■olution  used  (10  cc.)  is  sufficient,  of  course,  to  keep  the  filter  well 
>elow  the  liquid  level.  This  tube  has  marked  advantages  over 
he  Gomberg  type,  in  that  its  wide-mouthed  ground-glass  stopper 
>ermits  ready  access  to  the  iodide  solution  for  sampling  at  the 
Completion  of  an  analysis;  it  is  easily  washed  out  or  cleansed; 
ind  quantitative  results  obtained  with  its  use  have  proved  it  an 
efficient  type  of  absorption  vessel. 


Blank  analyses  are  carried  out  by  filling  calibrated  containers 
with  nitrogen  (commercial),  passing  the  gas  through  the  appara¬ 
tus,  and  flushing  exactly  as  with  unknown  samples.  From  the 
amount  of  iodine  measured  the  equivalent  carbon  monoxide  is 
then  calculated.  Blank  analyses  are  always  performed  prior  to 
the  analysis  of  unknown  samples  and  the  blank  value  in  terms  of 
percentage  carbon  monoxide  is  always  subtracted  from  the  un¬ 
known  value  to  obtain  the  true  or  “corrected”  carbon  monoxide 
percentage  concentration.  The  only  reagent  required  for  an 
analysis  is  the  1  per  cent  potassium  iodide  solution.  This  should 
be  prepared  from  a  pure  grade  of  potassium  iodide  (since  impure 
preparations  readily  liberate  appreciable  iodine)  and  should  be 
renewed  about  once  a  week.  The  solution  should  be  stored  in  a 
dark  glass  bottle. 

RESULTS 

In  Figure  2  the  spectral  transmittance  curve  of  iodine  (5  X 
1(T 5 A0  in  1  per  cent  iodide  solution  is  presented.  Maximum 
absorption  of  light  by  iodine  (5  X  10 “TV)  in  1  per  cent  potas¬ 
sium  iodide  solution  occurs  in  the  region  of  the  ultraviolet. 
However,  at  350  millimicrons  (the  lower  limit  of  the  Coleman  in¬ 
strument)  the  absorption  is  sufficiently  great  (90  per  cent)  to  pro¬ 
vide  a  means  of  measurement  that  is  as  sensitive  and  accurate  as 
the  routine  sodium  thiosulfate  titration  method.  Both  the  ti¬ 
tration  method  and  that  described  here  have  been  employed  in 
this  laboratory  for  determining  carbon  monoxide  in  air  samples. 
However,  the  authors  have  found  the  titration  method  less  satis¬ 
factory  for  concentrations  of  carbon  monoxide  below  0.005  per 
cent.  Below  this  value  the  titration  method  was  less  convenient 
and  more  time-consuming  than  the  spectrophotometric. 

The  relationship  between  the  concentration  of  iodine  over  a 
wide  concentration  range  and  the  logarithm  of  percentage  trans¬ 
mittance  is  linear.  The  value  of  the  calibration  constant,  K' , 
which  expresses  this  relationship  between  concentration  in  equiv¬ 
alents  per  liter  and  logarithm  of  percentage  transmittance,  is 
5.1  X  10"6. 


0  I  2  3  4  5  23 

TIME  -HOURS 


Figure  3.  Changes  in  Percentage  Transmission  of  Iodine 
in  1  Per  Cent  Potassium  Iodide  as  a  Function  of  Time 

The  change  in  the  percentage  light  transmission  of  iodine  in  1 
per  cent  potassium  iodide  solution  as  a  function  of  time  is  illus¬ 
trated  in  Figure  3  and  the  quantitative  effects  of  such  changes 
are  presented  in  Table  I.  Dilutions  of  1  to  50  showed  changes 
equivalent  to  only  a  6  per  cent  decrease  in  the  percentage  of  car¬ 
bon  monoxide  after  one  hour.  If  spectrophotometric  readings 
are  made  within  5  to  10  minutes  following  the  completion  of  the 
sample  run,  the  error  due  to  any  change  in  light  transmission  may 
be  considered  negligible. 

Blank  analyses  using  nitrogen  gas  (commercial)  and  performed 
as  previously  described  gave  fairly  consistent  values,  the  average 
being  equivalent  to  a  carbon  monoxide  concentration  of  0.0004 
per  cent.  These  results  are  summarized  in  Table  II. 
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Table  I.  Effect  of  Changes  in  Percentage  Transmission  of  Iodine 
in  1  Per  Cent  Potassium  Iodide  Solution  with  Time 

Concentration  1  Hour  5  Hours  23  Hours 


Dilution 

CO 

CO 

Change 

CO 

Change 

CO 

Change 

% 

% 

% 

% 

% 

% 

% 

1:10 

0.0137 

0.0120 

-12.4 

0.0109 

-20.4 

0.0103 

-24.8 

1:20 

0.0136 

0.0120 

-11.8 

0.0112 

-17.6 

0.0107 

—  21.4 

1:50 

0.0116 

0.0109 

-  6.0 

0.0091 

-21.6 

0.0085 

—  26.8 

From  the  chemical  reactions  involved  1.0  ml.  of  0.001N  iodi 
solution  is  equivalent  to  0.056  ml.  of  carbon  monoxide  me: 
ured  at  0°  and  760  mm.  The  volume  of  carbon  monoxide  at 
and  760  mm.  is  then  calculated  as  follows: 

^  K'  X  (0.056  X  1000)  X  100  X  10  X  (2  -  log  %  2 

%  ”  cc.  of  sample  (STP) 

where  K'  is  5.1  X  10-6  and  10  ml.  of  1%  potassium  iodide  : 
used. 


Table  II.  Blank  Analyses 


substituting, 


[Nitrogen  (Commercial)  Gas  Samples] 


Date 

Sample  Volume 
Cc. 

CO  (as  Iodine  Equivalent) 
% 

12/5/42 

1660 

0.0003 

12/5/42 

1610 

0.0007 

12/8/42 

1630 

0.0002 

12/12/42 

1590 

0.0002 

12/12/42 

1600 

0.0005 

12/12/42 

1580 

0.0004 

12/19/42 

1640 

0.0003 

1/2/43 

1630 

0.0005 

1/6/43 

1650 

0 . 0004 

Av.  0.0004MD  =  (±)0.0001 


An  opportunity  to  check  the  accuracy  and  sensitivity  of  this 
method  was  offered  when  known  standard  samples  of  carbon  mon¬ 
oxide  mixtures  prepared  and  analyzed  by  the  National  Bureau  of 
Standards,  Washington,  D.  C.,  were  sent  to  Wright  Field  for 
check  analyses.  The  comparative  results  are  presented  in  Table 
III.  In  general,  values  with  the  spectrophotometric  method 
varied  from  4  to  18  per  cent  below  those  reported  by  the  Bureau 
of  Standards,  with  results  averaging  10  to  11  per  cent  lower. 
While  the  method  is  capable  of  detecting  concentrations  as  low  as 
0.001  per  cent,  the  limit  of  accuracy  is  approximately  5  to  10  per 
cent  for  concentrations  below  0.010  per  cent. 


Table  III.  Carbon  Monoxide 

(Comparison  of  Bureau  of  Standards  and  Wright  Field  Analyses) 


Bureau  of 

Wright  Field 

Difference 

Standards  Analyses 

Date 

Analyses 

% 

% 

% 

0.0076 

4/12/42 

0.0070 

-  7.9 

4/12/42 

0.0065 

-14.5 

4/12/42 

0.0068 

-10.5 

4/12/42 

0.0069 

-  9.1 
Av.  -10.5 

0.0050 

4/11/42 

0.0041 

0.0048 

-18.0 
-  4.0 
Av.  -11.0 

The  analysis  of  samples  whose  concentration  is  below  0.010  per 
cent  requires  consideration  of  several  factors.  As  previously 
mentioned,  rate  of  sample  flow  should  be  sufficiently  slow  to  en¬ 
sure  complete  oxidation  of  all  carbon  monoxide  by  the  iodine 
pentoxide.  For  concentrations  of  0.010  per  cent  and  below  total 
sampling  periods  of  80  to  90  minutes  gave  satisfactory  results. 
Sample  volume  is  another  factor  to  be  given  consideration  when 
accurate  results  are  desired.  Comparative  results  of  analyses 
of  a  standard  carbon  monoxide  mixture  when  using  small  and 
large  sampling  volumes  are  shown  in  Table  IV.  Accuracy  and 
dependability  of  analysis  are  obviously  increased  when  larger 
volumes  are  used,  particularly  when  the  concentration  of  carbon 
monoxide  is  below  0.010  per  cent. 

The  photoelectric  colorimeter  used  with  a  filter  which  transmits 
the  greater  portion  of  its  light  as  nearly  as  possible  within  the  re¬ 
gion  of  the  maximum  absorption  of  iodine  in  1  per  cent  potassium 
iodide  solution — i.e.,  about  350  millimicrons — can  be  used  if 
the  spectrophotometer  is  not  available.  A  calibration  curve 
must  be  determined  and  the  sensitivity  of  the  photoelectric  colori¬ 
metric  procedure  is  somewhat  less  than  that  obtained  with  the 
spectrophotometer. 


%CO 


5.1  X  10~5  X  (0.056  X  1000)  X  1000  X  (2  -  log  % 
cc.  of  sample  (STP) 


or 


%CO  = 


5.1  X  10~5  X  56,000  X  (2  -  log  %  T) 


cc.  of  sample  (STP) 


Finally 


%  CO  =  2'86  ?  ( 2  7  X  dilution  used 

cc.  of  sample  (STP) 


The  value  2.86  is  termed  K  in  the  final  equation  below  an< 
determined  as  indicated  from  both  the  calibration  curve  and 
quantitative  relationship  between  the  concentration  of  carl 
monoxide  and  iodine  released  in  the  oxidation  reaction.  r 
final  general  equation  is  then: 


%CO 


K  X  (2  —  log  %  T) 
cc.  of  sample  (STP) 


X  dilution 


As  an  example  of  the  use  of  the  above  equation  in  calculat 
results,  the  following  analytical  data  are  presented: 


A  10-cc.  portion  of  the  1  per  cent  potassium  iodide  was  use< 
collect  the  iodine  liberated  when  a  gas  sample  of  2360  cc.  (Sr 
was  passed  through  the  apparatus.  A  1  to  100  dilution  of 
iodine  collected  in  the  10-cc.  portion  of  the  1  per  cent  potass 
iodide  solution  was  made  and  when  measured  (at  350  mill: 
crons)  with  the  spectrophotometer  against  a  10-cc.  1  per  cent 
tassium  iodide  blank  set  at  100  per  cent  light  transmission,  % 
a  percentage  light  transmission  of  44.5.  The  calculation,  by  : 
stitution  of  the  above  data,  is  illustrated  as  follows: 


%CO 


2.86  X  (0.352) 
2360 


X  100  =  0.043 


Table  IV.  Standard  Carbon  Monoxide  Mixture 

[Comparison  of  Analyses  Using  Small  and  Large  Sample  Volumes 
of  Standard  CO  (0.012  per  cent)] 


Date 

Gas  Volume 

CO  Found 

Deviation 

Cc. 

% 

% 

10/23/42 

264 

0.011 

+0.001 

10/23/42 

264 

0.009 

—  0.001 

10/23/42 

264 

0.013 

+0.003 

10/24/42 

270 

0.006 

—  0.004 

10/24/42 

270 

0.010 

0.000 

10/24/42 

270 

0.006 

—  0.004 

10/24/42 

270 

0.015 

+0.005 

Av.  0.010 

MD  =  (±)  0. 

10/26/42 

1660 

0.013 

+  0.002 

10/26/42 

1660 

0.010 

—  0.001 

10/26/42 

1660 

0.011 

0.000 

10/27/42 

1660 

0.012 

+  0.001 

10/27/42 

•  1660 

0.011 

0.000 

10/27/42 

1660 

0.013 

+0.002 

10/30/42 

1660 

0.011 

0.000 

10/31/42 

1660 

0.011 

0.000 

11/13/42 

1645 

0.012 

+0.001 

Av.  0.011 

MD  ~  (=*0  0. 

LITERATURE  CITED 

(1)  Edell,  G.  M„  Ind.  Eng.  Chem.,  20,  275  (1928). 

(2)  Harfe,  C.  de  la,  and  Reverdin,  F.,  Chem.-Ztg.  12,  1726  (1888). 

(3)  Sendroy,  J.,  in  Peters  and  Van  Slyke,  “Quantitative  Cli 

Chemistry,  Vol.  II,  Methods”,  Baltimore,  Williams  &  Wi 
Co.,  1932. 

(4)  Vandaveer,  F.  E.,  Gas,  18,  24  (1942). 

(5)  Vandaveer,  F.  E.,  and  Gregg,  R.  C.,  Ind.  Eng.  Chem.,  A 

Ed.,  1,  129  (1929). 


Yeast  Microbiological  Methods  for  Determination 

of  Vitamins 

Pantothenic  Acid 

LAWRENCE  ATKIN,  WILLIAM  L.  WILLIAMS,  ALFRED  S.  SCHULTZ,  and  CHARLES  N.  FREY 
The  Fleischmann  Laboratories,  Standard  Brands  Incorporated,  New  York  51,  N.  Y. 


The  yeast  growth  method  for  determination  of  pyridoxine 
is  modified  for  the  determination  of  pantothenic  acid. 
The  basal  medium  contains  ammonium  sulfate  as  a  nitrogen 
source  and  in  addition  sufficient  asparagine  to  prevent 
interference  due  to  /3-alanine.  Extracts  of  substances  to 
be  assayed  are  prepared  by  aqueous  extraction  under 
pressure  (15  pounds  for  15  minutes)  at  pH  5.6  to  5.7,  by 

'HE  yeast  microbiological  method  recently  described  for  the 
determination  of  pyridoxine  (2)  can,  with  certain  modifica- 
ns,  be  used  to  determine  pantothenic  acid.  The  yeast  growth 
tor  activity  of  pantothenic  acid  was  known  before  its  need  in 
imal  nutrition  was  established  (12).  That  the  yeast  method 
s  not  further  developed  as  an  assay  method  by  the  discoverers 
pantothenic  acid  was  due  in  part  to  the  interference  of  /3- 
,nine  (8).  f}- Alanine  is  a  structural  part  of  the  vitamin  mole- 

e  but  is  itself  without  vitamin  activity  for  higher  animals,  al- 
)ugh  under  certain  conditions  it  can  replace  pantothenic  acid 
a  yeast  growth  factor.  The  inclusion  of  asparagine  in  the 
ist  growth  medium  tends  to  reduce  the  effect  of  /3-alanine  (13), 
t  apparently  it  was  not  realized  that  the  presence  of  sufficient 
wagine  further  reduces  the  interference  to  an  insignificant 
'el.  Asparagine  does  not,  however,  affect  the  activity  of  pan- 
;henic  acid  under  the  conditions  employed. 

The  assay  method  described  here  has  been  used  by  the  authors 
•  some  time  and  may  possess  certain  advantages  over  the  micro- 
flogical  method  of  Pennington,  Snell,  and  Williams  (8).  The 
ithod  is  rapid,  16  to  18  hours  being  allowed  for  yeast  growth, 
,d  it  is  especially  adapted  for  turbidimetric  measurement  of 
e  yeast  growth  with  a  photoelectric  colorimeter.  Furthermore, 
offers  an  opportunity  for  checking  assay  results  with  a  different 
pe  of  microorganism. 

APPARATUS 

The  apparatus  employed  has  previously  been  described  (1,  2). 
le  utility  of  the  Evelyn  photoelectric  colorimeter  was  also 
.idied.  Using  the  test  tubes  usually  supplied  with  the  Evelyn 
:d  the  660  (red)  filter,  the  absorption  curves  were  found  to  be 
sentially  the  same  as  with  the  Lumetron  instrument. 

SOLUTIONS 

Sugar  and  Salts  Solution.  One  liter  contains  200  grams  of 
p.  dextrose  (anhydrous),  2.2  grams  of  monopotassium  phos- 
late,  1.7  grams  of  potassium  chloride,  0.5  gram  of  magnesium 
lfate  ( MgSCh.  7H20) ,  0. 5  gram  of  calcium  chloride  (CaCl2.2H20), 
31  gram  of  manganese  sulfate,  and  0.01  gram  of  ferric  chloride. 
Potassium  Citrate  Buffer.  One  liter  contains  100  grams  of 
‘>tassium  citrate  (K3C6H607.H20)  and  20  grams  of  citric  acid 
,J3C6H507.H20). 

T  hi  amine  Solution,  10  micrograms  per  ml. 

Pyridoxine  Solution,  10  micrograms  per  ml. 

Inositol  Solution,  1  mg.  per  ml. 

Biotin  Solution.  S.  M.  A.  Corp.  biotin  concentrate  No. 
KM),  diluted  so  that  it  contains  approximately  0.8  microgram  of 
:otin  per  ml.  On  one  occasion  this  material  was  found  to  con- 
fin  appreciable  amounts  of  pantothenate  and  as  a  consequence 
high  blank,  15  to  20  per  cent  absorption,  was  obtained.  The 
mtothenate  was  readily  destroyed  by  alkaline  heat  treatment 
;id  the  blank  or  zero  value  returned  to  the  previous  value  (less 
ian  10  per  cent).  Pure  biotin  was  also  tried  when  it  recently 


enzyme  digestion  at  the  same  pH,  or  by  enzyme  digestion 
followed  by  aqueous  extraction  (1 5  pounds  for  1 5  minutes). 

The  choice  of  extraction  method  depends  upon  the  sub¬ 
stance,  since  some  have  pantothenate  in  a  bound  form 
whereas  others  do  not.  The  results  of  assays  of  a  number 
of  representative  substances  compare  favorably  with  results 
obtained  by  other  methods. 

became  available  and  the  results  indicate  that  it  may  be  sub¬ 
stituted  for  the  crude  concentrate. 

Ammonium  Sulfate  Solution,  150  mg.  per  ml. 

Asparagine  Solution.  One  hundred  milliliters  contain  3 
grams  of  (-asparagine.  Heating  to  100°  C.  is  necessary  to  dis¬ 
solve  the  asparagine. 

The  solutions  are  sterilized  by  heating  in  flowing  steam  for  30 
minutes  on  three  consecutive  days,  and  may  then  be  stored  at 
room  temperature  until  used.  The  pyridoxine  solution  is  care¬ 
fully  protected  from  light. 

Pantothenate  Standard  Solution.  d-Calcium  pantothe¬ 
nate  (synthetic)  is  used  as  a  primary  standard.  A  freshly  dis¬ 
solved  solution  containing  1  mg.  per  ml.  is  kept  in  the  refrigerator 
and  used  as  a  working  standard  for  not  more  than  2  to  3  weeks. 
Immediately  before  use  a  portion  of  the  working  standard  is  di¬ 
luted  with  distilled  water,  to  contain  0.1  microgram  (100  milli- 
micrograms)  per  ml. 

YEAST  INOCULUM 

Fleischmann  culture  4228,  a  strain  of  Saccharomyces  carlsber- 
gensis,  is  grown  on  malt  agar  slants  (Difco)  for  24  hours  at  30° 
and  then  may  be  stored  in  the  refrigerator  for  not  more  than  one 
month.  The  day  before  an  assay  run,  a  fresh  transfer  is  made 
and  incubated  at  30°.  Yeast  is  transferred  from  this  slant  to  a 
tube  of  sterile  saline  until  the  light  absorption  indicates  that  the 
concentration  is  3  mg.  per  ml.  The  calibration  (50  per  cent  ab¬ 
sorption  with  the  authors’  instrument)  is  based  on  a  known  sus¬ 
pension  of  moist  baker’s  yeast.  The  absolute  quantity  of  yeast 
in  the  inoculum  is  not  critical  and  hence  this  approximation  is 
satisfactory.  A  10-ml.  aliquot  of  this  suspension  is  added  to  90 
ml.  of  sterile  saline  contained  in  an  Erlenmeyer  flask.  The  final 
suspension  contains  0.3  mg.  of  moist  yeast  per  ml.  and  is  ready 
for  use. 

PREPARATION  OF  SAMPLES  FOR  ASSAY 

Kuhn  and  Wendt  (7)  have  reported  that  pantothenate  (filtrate 
factor)  may  occur  as  part  of  a  nondialyzable  complex  of  high 
molecular  weight.  The  pantothenate  content  of  tissues  and  yeast, 
as  measured  by  microbiological  methods,  is  increased  by 
autolysis  or  enzyme  digestion  and  the  increase  appears  to  be  due 
to  a  decomposition  of  the  complex.  Pantothenate  is  a  relatively 
unstable  compound,  being  readily  hydrolyzed  by  either  acid  or 
base.  Consequently  it  is  desirable  to  prepare  extracts  for  assay 
by  the  mildest  and  most  direct  means.  In  general,  there  are 
three  extraction  methods  available: 

1.  Enzyme  digestion  by  clarase  or  other  suitable  enzyme 
preparations.  Autolysis  (self-digestion)  may  be  considered  a 
form  of  enzyme  digestion  but  is  inapplicable  to  most  substances 
and  uncertain  with  some  tissues. 

2.  Water  extraction  at  high  temperature  (autoclave)  and  at 
the  most  stable  pH  range. 

3.  Enzyme  digestion  followed  by  water  extraction  at  high 
temperature. 
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Table  I.  Typical  Protocol 

To  each  tube  are  added  5  ml.  of  basal  pantothenic  acid-free  medium  plus  ingredients  noted  below.  After  the  10-minute  heat  treatment  1  ml.  of 
suspension  (0.3  mg.  of  moist  yeast)  is  added  to  each.  The  tubes  are  then  shaken  at  30°  for  16  hours,  the  turbidity  is  measured,  and  the  tubes  are  ret* 
to  the  incubator  for  2  hours  and  measured  again. 

16  Hours  18  Hours 


Panto- 

Panto- 

Panto- 

Panto- 

No. 

H20 

- - Added - 

Absorption 

thenate 

thenate 

Absorption 

thenate 

thenate 

Ave 

y/g-  or 

y/g ■  or 

y/ml 

Ml. 

Ml. 

% 

My /tube 

y /ml. 

% 

My/tube 

y /ml. 

y/ 

1 

4.0 

0 

6 

7 

2 

3.5 

0.5—  50  My  of  calcium  pantothenate® 

16 

21 

3 

3.0 

1  o  100  Same 

29 

37 

4 

2.5 

1.5  —  150  Same 

41.5 

48 

5 

2.0 

2  o  200  Same 

48.5 

55 

6 

1.0 

3  =o=  300  Same 

59.5 

66 

7 

0 

4  o  400  Same 

66.5 

73 

8 

3 

1  =  0 . 025  ml.  whole  urine*> 

21 

70 

2.8 

28.5 

72 

2.9 

2 

9 

2 

2  . 

31 

130 

2.6 

36.5 

130 

2.6 

10 

1 

3  . 

48 

195 

2.6 

55.5 

203 

2.8 

11 

0 

4  . 

54.5 

250 

2.5 

61.5 

250 

2.5 

12 

3 

1  o  0.1  mg.  yeast  extract  (dry)' 

17.5 

57 

570 

22.5 

55 

550 

5v 

13 

2 

2  . 

31.5 

110 

550 

40 

112 

560 

14 

1 

3  . 

43.0 

165 

550 

53 

165 

550 

15 

0 

4  . 

50.5 

215 

538 

57 

212 

530 

16 

3 

1  =  0.5  mg.  dry  200-B  yeast<* 

22.5 

75 

150 

29 

75 

150 

1( 

17 

2 

2  . 

41.5 

155 

155 

48.5 

155 

155 

18 

1 

3  . 

56 

265 

177 

61 . 5 

250 

166 

19 

0 

4  . 

63 

355 

173 

67.5 

317 

159 

20 

3 

1  =c=  10  mg.  wheat-hard  winter  No.  2C 

25.5 

87 

8.7 

32.5 

86 

8.6 

8 

21 

2 

2  . 

41.5 

157 

7.9 

49.5 

160 

8.0 

22 

1 

3  . 

54.5 

250 

8.3 

60 

235 

7.8 

23 

0 

4  . 

62.5 

350 

8.8 

67.5 

320 

8.0 

“  Calcium  pantothenate,  prepared  from  1  mg.  per  ml.  of  refrigerated  solution. 

6  No  treatment,  preserved  at  pH  5.6  for  24  hours,  10  ml.  diluted  to  400  ml. 
c;  Digested  with  clarase  for  2  days  at  45°  C.,  100  mg.  diluted  to  1  liter. 

d  Digested  with  clarase  for  2  days  at  45°  C.,  100  mg.  diluted  to  200  ml.,  solution  centrifuged  until  clear. 
*  Water  extraction,  autoclaved  15  minutes  at  16  pounds  pressure,  1  gram  diluted  to  100  ml. 


Figure  1.  Reference  Curve 
A.  16  hours  B.  18  hours 


The  third  method  has  been  found  necessary  with  certain  mate¬ 
rials — e.g.,  fresh  green  peas- — because  of  the  presence  of  a  sub¬ 
stance  inhibitory  to  yeast  growth  which,  however,  is  inactivated 
by  a  short  treatment  in  the  autoclave. 

Enzyme  Digestion.  Insoluble  substances  should  be  pow¬ 
dered  or  dispersed  in  water  with  a  Waring  Blendor  or  its  equiva¬ 
lent.  Weigh  or  measure  a  portion  of  the  unknown  estimated  to 
contain  10  to  20  micrograms  of  pantothenate  into  a  40-ml.  test 
tube  graduated  at  10  and  20  ml.  Add  1.0  ml.  of  the  buffer  and 
sufficient  water  to  make  the  volume  to  10  ml.  Heat  in  flowing 
steam  for  5  minutes,  cool,  and  add  a  weighed  amount  of  clarase 
roughly  equal  to  the  dry  weight  of  the  sample.  Dissolve  by 
gentle  shaking  and  after  adjusting  the  volume  to  20  ml.  add  0.5 
ml.  of  benzene.  Cork  securely  and  incubate  at  45°  for  2  days 
or  37.5°  for  3  days.  Make  the  volume  to  200  ml.  with  water. 
With  materials  of  high  potency  it  is  not  convenient  to  weigh  out 


an  amount  containing  only  10  to  20  micrograms;  hence  100 
are  weighed  out  and  after  digestion  a  greater  dilution  is  m 
The  solutions  are  centrifuged,  if  necessary,  to  obtain  a  cleai 
tract. 

Water  Extraction  (High  Temperature).  Some  cereal 
not  appear  to  require  enzyme  digestion  (9,  10) — e.g.,  wheat 
wheat  products — and  for  these  water  extraction  may  be  x. 
Suspend  an  amount  of  sample  estimated  to  contain  5  to  10  m 
grams  of  pantothenate — e.g.,  1  gram  of  wheat — in  80  ml.  of  w 
add  1  ml.  of  buffer,  and  adjust  the  pH  to  5.6  to  5.7,  using  d 
sodium  hydroxide  or  sulfuric  acid.  Heat  the  suspensions  ii 
autoclave  at  7  kg.  (15  pounds)  for  15  minutes,  cool,  and  dilul 
100  ml.  This  treatment  does  not  always  yield  a  clear  ext 
even  after  centrifuging.  A  short  incubation  at  45°  for  15  min 
after  the  addition  of  a  knife  point  of  clarase  will  usually  pro* 
flocculation  and  a  clear  supernatant  fluid. 

Enzyme  Digestion  Followed  by  Water  Extraction.  ' 
ceed  exactly  as  in  the  simple  enzyme  digestion  but  rinse  the 
tents  of  the  test  tube  into  a  flask  with  60  ml.  of  water,  check 
pH  and  adjust,  if  necessary,  to  5.6  to  5.7,  and  then  heat  a 
pounds  for  15  minutes.  Cool  and  dilute  as  usual. 

METHOD 

Five  milliliters  of  basal  pantothenate-free  medium  plus  a  s 
tion  of  the  unknown  or  an  aliquot  of  the  pantothenate  stan* 
solution  are  placed  in  a  series  of  test  tubes  together  with  suffic 
water  to  make  the  volume  in  each  tube  9  ml.  The  tubes 
plugged  with  cotton,  steamed  for  10  minutes,  cooled,  and  in 
lated  with  1  ml.  each  of  the  yeast  inoculum.  The  tubes  are  1 
shaken  at  30°  C.  and  the  yeast  growth  is  estimated  at  16  an 
hours  by  turbidimetric  measurements  made  directly  on  the  ti 
with  the  photoelectric  colorimeter.  Each  assay  run  includ 
series  of  tubes  which  are  used  to  construct  the  reference  cu 
This  series  is  made  with  the  following  levels:  0,  50,  100,  150, 
300,  and  400  millimicrograms  per  tube.  For  assay  runs  cont 
ing  more  than  25  tubes  two  reference  series  are  included,  on 
the  beginning  and  one  at  the  end  of  the  run,  and  the  results  of 
two  are  averaged  to  construct  the  reference  curve. 

The  basal  medium  for  20  assay  tubes  is  prepared  by  mixing 
stock  solutions  in  the  following  proportions:  sugar  and  s 
solution,  50  ml.;  potassium  citrate  buffer,  10  ml.;  inositol  s 
tion,  5  ml. ;  ammonium  sulfate  solution,  5  ml. ;  thiamine  solut 
5  ml.;  pyridoxine  solution,  5  ml.;  biotin  solution,  5  ml.;  asp 
gine  solution,  12.5  ml.;  and  water  to  100  ml. 

It  is  not  essential  to  prepare  this  medium  fresh  for  each 
Larger  batches  may  be  prepared  and  stored  at  a  temperatu 
few  degrees  below  0°  for  as  long  as  3  months  with  no  observe 
effects  upon  the  assay  run. 
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(The  protocol  of  a  typical  assay  run  in  which  representative 
laterials  were  assayed  is  shown  in  Table  I  and  the  reference 
jrve  is  given  in  Figure  1.  In  practice  this  curve  is  plotted  on 
liinary  graph  paper  and  values  for  the  unknown  are  obtained 
l  interpolation.  The  estimated  potency  is  an  average  of  the 
tlue  at  each  assay  level  and  at  both  16  and  18  hours.  The  aver- 
Ije  deviation  from  the  mean  is  about  4  per  cent.  If  more  than 
I  o  of  the  eight  values  obtained  for  each  assay  deviate  from  the 
ran  by  more  than  10  per  cent,  the  assay  is  usually  repeated. 
{Results  are  reported  as  pantothenate  content  and  are  based 
(  d-calcium  pantothenate  as  the  primary  standard  without  con- 
jrsion  to  the  equivalent  weight  of  free  acid.  There  seems  to  be 
|Dd  precedent  for  this  in  the  use  of  thiamine  hydrochloride  and 
(ridoxine  hydrochloride  equivalents  without  conversion  to  the 
I  divalent  weight  of  free  base. 


Table  II. 

Determination  of  Pantothenate  in 
Hydrolytic  Products 

Presence  of  Its 

Composition  of  Mixture 
Completely 

Assay 

Recovery 

hydrolyzed 

Calcium 

of  added 

calcium 

Calcium 

pantothenate  calcium 

antothenate 

pantothenate 

(by  assay) 

pantothenate 

Mg. 

Mg. 

Mg. 

% 

0 

1.0 

1.02 

102 

0.25 

0.75 

0.70 

93 

0.50 

0.50 

0.50 

100 

0.70 

0.30 

0.29 

97 

0.80 

0.20 

0.19 

95 

0.90 

0.10 

0.10 

100 

0.95 

0.05 

0.055 

110 

1.00 

— 

0.00 

<0.01 

RESULTS 

Pantothenate  Estimation  in  the  Presence  of  /3-Alanine. 
lice  /3-alanine  is  a  potential  interfering  substance  in  this  assay 
Is  desirable  to  determine  the  limits  of  the  interference.  There 
lio  evidence  that  (3-alanine  occurs  as  such  in  nature  except  as  a 
I  gradation  product  of  pantothenate.  Consequently,  the  in- 
fence  of  3-alanine  on  the  assay  was  studied  by  analyzing  a  se- 
P  of  mixtures  representing  pantothenate  in  various  stages  of 
irolysis. 

solution  of  completely  hydrolyzed  pantothenate  was  pre- 
■ed  by  heating  10  mg.  of  the  calcium  salt  dissolved  in  10  ml.  of 
and  4W  sodium  hydroxide,  respectively,  at  15  pounds  pres- 
e  for  2  hours  and  then  cooling  and  neutralizing.  The  panto- 
:nate  remaining  was  determined  after  adding  a  known  amount 
pantothenate  to  the  solution.  The  assay  showed  1.5  per  cent 
the  pantothenate  left  in  the  IN  treated  solution  and  less  than 
er  cent  in  the  4iV  treated  solution. 

n  order  to  determine  the  amount  of  3-alanine  produced  by  the 
irolysis  the  basal  medium  was  modified  by  the  omission  of 
laragine,  the  inclusion  of  Z-leucine,  and  the  substitution  of 
•e  biotin  for  the  crude  which  contains  3-alanine.  A  reference 
ies  of  growth  tests  with  increasing  amounts  of  3-alanine  then 
iplied  data  for  a  reference  curve,  which  was  used  to  determine 
3-alanine  content  of  the  hydrolyzates.  Theoretically  each 
)  parts  of  calcium  pantothenate  should  yield  37.3  of  3-alanine, 
e  IN  solution  assayed  32.5  parts  or  87  per  cent  and  the  4 N 
ition  30.25  parts  or  81  per  cent.  Apparently  a  portion  of  the 
lanine  is  destroyed  in  the  course  of  the  hydrolysis. 

Assuming  that  the  4Ar  solution  represented  “completely”  hy- 
lyzed  pantothenate,  the  experiment  described  in  Table  II  was 
de.  The  hydrolyzate  was  mixed  in  various  proportions  with 
shly  dissolved  pantothenate  and  the  mixtures  were  assayed  as 
oiowns.  The  results  show  that  little  interference  from  3- 
nine  is  to  be  expected  until  95  per  cent  or  more  of  the  panto- 
nate  has  been  destroyed. 

Che  ease  with  which  the  present  method  may  be  converted  to  a 
thod  for  3-alanine  determination  suggests  that  it  may  be  use- 
in  determining  the  nature  of  the  loss  of  pantothenate  activity 
he  processing  of  vitamin  concentrates. 

NFLUENCE  OF  pH  ON  THE  STABILITY  OF  PANTOTHENATE. 

fee  pantothenate  is  readily  hydrolyzed  by  either  acid  or  alkali, 
IP  desirable  to  establish  the  pH  range  of  maximum  stability,  so 
i  t  extracts  for  assay  may  be  made  with  a  minimum  of  loss. 


Solutions  of  pantothenate  were  heated  at  7  kg.  (15  pounds) 
pressure  for  15  minutes  and  at  9  kg.  (20  pounds)  for  1  hour. 
The  heating  at  20  pounds  was  used  to  accentuate  the  destruction ; 
the  milder  heating  is  used  in  the  assay.  The  solutions  contained 
in  1  liter:  1  mg.  of  calcium  pantothenate,  10  ml.  of  potassium 
citrate  buffer,  and  enough  citric  acid  to  adjust  the  pH  to  5.0. 
Potassium  hydroxide  (30  per  cent)  was  added  to  adjust  the  pH  to 
various  levels  and  aliquots  of  the  solution  were  removed  at  each 
level.  After  heating  and  cooling,  the  solutions  were  diluted  to 
correspond  to  a  concentration  of  100  millimicrograms  per  ml.  and 
assayed  by  the  usual  procedure. 

As  can  be  seen  from  Figure  2,  the  most  stable  region  is  between 
pH  5.5  and  6.0.  In  practice  the  pH  is  adjusted  to  between  5.6 
and  5.7  in  the  extraction  procedures.  Although  a  suspension  of 
whole  wheat  had  a  pH  of  6.4,  extraction  without  lowering  the  pH 
showed  no  significant  loss.  Relatively  large  quantities  of  organic 
matter  may  have  a  protective  action  on  pantothenate.  It  is  de¬ 
sirable,  however,  to  adjust  the  pH  to  the  most  stable  range  in 
routine  analysis,  unless  investigation  shows  it  to  be  unnecessary. 
Clarification  of  aqueous  extracts  of  starchy  substances  by  the 
short  clarase  method  proceeds  best  at  pH  5.6  to  5.7. 

Enzymatic  Digestion.  Early  pantothenate  assays  of  certain 
substances  by  the  microbiological  methods  did  not  agree  with 
chick  assays  (3).  The  discrepancy  is  now  believed  to  be  due  to 
the  existence  of  a  bound  form  of  pantothenate  available  to  the 
chick  but  not  to  the  microorganism.  Digestion  with  various  en¬ 
zyme  preparations  liberates  the  bound  pantothenate  and  tends 
to  bring  the  assay  results  by  the  two  methods  into  somewhat 
better  agreement.  Waisman  and  Elvehjem  (11)  found  pan- 
creatin  satisfactory,  Cheldelin  et  al.  (3)  prefer  takadiastase, 
whereas  Strong,  Feeney,  and  Earle  ( 9 )  recommend  clarase.  The 
authors  have  compared  clarase  with  a  few  other  preparations  and 
find  it  satisfactory  and  furthermore  relatively  low  in  color  and  in 
pantothenate  content.  The  product  is  labeled  “Diastase,  Vera, 
highly  concentrated  ‘Clarase’  ”,  and  may  be  obtained  from  Eimer 
and  Amend,  New  York.  The  pantothenate  content  of  this 
preparation  varies  between  2  and  4  micrograms  per  gram.  When 
clarase  treatment  is  used,  the  results  of  the  assay  must  be  cor¬ 
rected  for  the  pantothenate  content  of  the  enzyme. 


Figure  2.  Influence  of  pH  on  Stability  on  Pantothenate 

A.  1 5  pounds  (or  1  5  minutes 

B.  20  pounds  for  1  hour 

The  enzyme  is  active  in  the  pH  range  of  maximum  stability  of 
pantothenate.  Maximum  liberation  of  bound  pantothenate  was 
obtained  by  digestion  for  3  days  at  37°  C.  or  2  days  at  45°  C. 
Higher  temperatures  did  not  appear  to  offer  any  advantage. 
It  is  essential  to  maintain  an  excess  of  benzene  or  toluene  in  the 
digestion  mixture  during  incubation. 
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Table  III.  Alkaline  Hydrolysis  of  Pantothenate 


Sample 

Original 

Pantothenate 

Content 

Residual 

Pantothenate 

Destruction 

y/a- 

y/a ■ 

% 

Yeast  extract 

509 

2  5 

99.5 

509 

5.0 

99.0 

Dried  yeast 

164 

10.0 

94.0 

Urine 

3.2  y/ml. 

0.06  7/ml. 

98.4 

Calcium  pantothenate 

1  mg. 

10.0  7/mg. 

99 

Table  IV.  Recovery  of  Pantothenate 


Total 

Added 

Found 

Recovered 

Recovery 

y/a- 

y/a- 

y/a- 

y/a- 

% 

Wheat 

8.3 

8.0 

17.4 

9.1 

116 

8.3 

8.0 

16.4 

8.1 

101 

Yeast  extract 

550 

500 

1053 

503 

101 

550 

500 

1080 

530 

106 

Dried  yeast 

164 

200 

371 

207 

104 

164 

200 

357 

193 

97 

Av.  103.6 


Hydrolysis  of  Pantothenate.  The  relative  ease  with  which 
pantothenate  activity  is  destroyed  by  hydrolysis  suggests  an 
added  test  of  the  specificity  of  the  assay  method.  Quantitative 
destruction  of  the  pantothenate  activity  by  alkaline  hydrolysis 
would  indicate  the  absence  of  an  alkali-stable,  nonspecific  growth 
factor  in  the  preparation  under  study.  Similarly,  acid  hydroly¬ 
sis  would  indicate  the  absence  of  an  acid-stable  factor. 

Yeast  extract  (100  mg.)  and  dry  yeast  (100  mg.)  were  subjected 
to  clarase  digestion  and  then  10 N  sodium  hydroxide  was  added 
to  make  the  final  concentration  IN.  Urine  and  calcium  panto¬ 
thenate  were  prepared  in  similar  fashion  but  without  digestion. 
All  were  heated  at  20  pounds  for  2  hours,  cooled  and  neutralized, 
and  then  assayed  for  pantothenate  after  superimposing  a  known 
quantity  of  pantothenate  on  the  test.  The  results  are  shown 
in  Table  III.  It  is  apparent  that  essentially  all  the  activity  is 
destroyed  by  alkaline  hydrolysis.  Similar  results  were  obtained 
by  acid  hydrolysis. 

Recovery  of  Added  Pantothenate.  The  recovery  of  panto¬ 
thenate  which  has  been  added  to  the  unknown  is  a  necessary  test 
of  the  specificity  of  an  assay  method  of  this  sort.  Table  IV  gives 
the  results  obtained  with  wheat,  yeast  extract,  and  dried  yeast, 
when  the  pantothenate  was  added  at  the  beginning  of  the  extrac¬ 
tion.  The  calculated  recovery  is  based  upon  the  added  panto¬ 
thenate  and  the  average  recovery  of  103.6  per  cent  is  considered 
satisfactory,  since  each  estimate  is  based  upon  two  assays. 

Assay  of  Miscellaneous  Substances.  Table  V  gives  the 
results  of  assays  on  a  number  of  representative  materials.  These 
assays  are  in  essential  agreement  with  those  appearing  in  the 
literature  if  allowance  is  made  for  the  fact  that  many  early  micro¬ 
biological  assays  were  made  without  enzymic  digestion.  Wheat 
and  wheat  derivatives  appear  to  give  maximum  values  with  simple 
aqueous  extraction,  but  yellow  com  requires  enzymic  digestion. 
It  would  thus  appear  difficult  to  generalize  about  the  best  ex¬ 
traction  method  for  cereals. 

Citrus  fruits  contain  some  of  the  bound  pantothenate.  Meats, 
animal  tissues  and  extracts,  and  yeast  products  have  a  high  pro¬ 
portion  of  bound  pantothenate  and  must  always  be  subjected  to 
enzymic  digestion.  Milk  and  urine  do  not  appear  to  contain  any 
significant  proportion  of  bound  pantothenate.  Enzyme  diges¬ 
tion  of  fresh  whole  milk  does  not  yield  results  as  high  as  aqueous 
extraction.  There  are  indications  that  fresh  milk  may  have  an 
inhibitory  substance  which  is  destroyed  by  heat.  Most  fresh 
vegetables  contain  bound  pantothenate.  Fresh  green  peas  con¬ 
tain  a  substance  which  is  markedly  inhibitory  to  yeast  growth 
but  which  appears  to  be  completely  destroyed  when  the  autoclave 
method  of  extraction  is  employed.  Simple  enzymic  digestion  is 
therefore  inadequate  and  the  authors  follow  the  enzyme  treatment 
with  autoclaving,  when  assaying  fresh  vegetables  and  fruits. 


Table  V.  Pantothenate  Content  of  Various  Substances 

Pantothenate 

Determined 

Water 


extraction 

Clarase 

Pantothenate 

Description  (autoclave) 

digestion 

Literature  Value 

y/a- 

y/a- 

y/a- 

Cereals 

Whole  wheat  A 

8.9 

8.4 

12  (4),  i2.8  ao: 

8.3  (9),  11.2“  (5 

Whole  wheat  B 

8.3 

White  flour  (patent) 

4.0 

3.9 

3.5  (4),  5.7  (10) 

Whole  wheat  bread  (air-dry) 

8.9 

8.8  (4) 

White  bread  (air-dry) 

3.8 

6.9  (4) 

Yellow  corn 

4.2 

9.3 

9.0  (9) 

Citrus  fruits 

Grapefruit  (fresh) 

2.7 

3.76 

2.9  (4) 

Oranges  (fresh) 

1.9 

3.36 

3.4  (4) 

Clarase  A 

1.9 

B 

4.0 

C 

3.3 

Meats 

Pork  muscle  (fresh) 

8.5 

4.7,  5.8  (4) 

Pork  liver  (fresh) 

66.0 

50  (11) 

Beef  muscle  (fresh) 

8.2 

10  (9),  9.8“  (5) 

Beef  liver  (fresh) 

59.0 

76  (4),  61.5  (9) 

Liver  concentrate  No.  20  (dry) 

7 /ml. 

472 

y/ml. 

or  y/g. 

or  y/g. 

7/  ml.  or  y/g. 

Milk 

Pasteurized  A 

3.2 

4.0  (9) 

Pasteurized  B 

3.3 

1.8,  2.4  6 

Dried  skim  milk 

43.0 

46.0 

44,  47  (9) 

Milk  (whey) c 

3.2 

7 /day 

7 /day 

7 /day 

Urine,  normal  24-hour  excretion^ 

Subject  A 

3410 

3250 

3000-5000  (9) 

Subject  A 

4400 

Subject  B 

4400 

Vegetables  (fresh) 

Tomatoes 

2.0 

4 . 5& 

3.7  (4) 

Cabbage 

2.1 

2.56 

1.8(4) 

Beets 

1.3 

1.66 

1.1  (41 

Carrots 

2.3 

3.16 

2.5  (4) 

Green  peas 

3.8 

3.96 

3.8  (4) 

Potatoes 

2.1 

2.5  6 

3.2  (4) 

Yeast 

Brewers’  (dry) 

100 

22',  86*  (9) 

200-B  (dry) 

88 

164 

Yeast  extract  (dry) 

319 

500 

240'  (9),  266'  (8 

Autoclaved  (dry) 

48 

°  Chick  assay. 

6  Clarase  digestion  followed  by  autoclaving  with  water. 
c  Casein  coagulated  with  mineral  acid  and  supernatant  fluid  neutralize 
and  autoclaved  for  assay. 

d  pH  of  urine  adjusted  and  assayed  without  further  treatment. 

9  No  enzymic  digestion. 


The  specificity  of  the  present  method  is  supported  by  a  numbe 
of  observations:  The  values  estimated  at  the  various  testin 
levels  and  at  16  and  18  hours  show  no  significant  drift,  recovery  c 
added  pantothenate  is  virtually  quantitative,  the  potential  inte:  j 
ference  of  /3-alanine  has’  been  eliminated,  the  pantothenate  ai 
tivity  of  extracts  prepared  for  assay  may  be  destroyed  by  alkalir 
or  acid  hydrolysis,  and  the  results  obtained  are  in  substanti;  > 
agreement  with  reported  values  obtained  by  tests  which  emplc 
other  microorganisms,  and  also  in  a  limited  number  of  cases  wit  I 
the  results  of  the  chick  assay  method. 

In  order  to  obtain  a  measure  of  the  reproducibility  of  tl  | 
method,  a  carefully  refrigerated  sample  of  dried  yeast  was  a 
sayed  ten  times  over  a  period  of  3  months.  The  complete  assa  I 
including  clarase  digestion  was  performed  each  time.  The  mea  i 
of  the  ten  assays  was  166.3  micrograms  of  pantothenate  per  grai 
with  an  average  deviation  of  3.2  per  cent  and  a  standard  devi: 
tion  of  3.8  per  cent. 

SUMMARY 

A  yeast  microbiological  method  for  the  determination  of  pai  i 
tothenate  is  described.  Specificity  of  response  to  pantothena 
in  the  presence  of  /3-alanine  is  obtained  by  the  inclusion  of  a  rel 
tively  large  proportion  of  asparagine  in  the  medium  in  additic  I 
to  ammonium  sulfate.  The  yeast  is  grown  in  test  tubes  which  a 
shaken  at  30°  C.  for  16  to  18  hours.  Yeast  growth  is  estimate 
with  the  aid  of  a  photoelectric  colorimeter.  Methods  of  extra 
tion  of  the  vitamin  have  been  studied  and  recovery  experimen 
are  described.  Extracts  of  substances  to  be  assayed  are  prepare 
by  aqueous  extraction  under  pressure  (15  pounds  for  15  minute 
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:  pH  5.6  to  5.7,  by  enzyme  digestion  at  the  same  pH,  or  by  en- 
i.me  digestion  followed  by  aqueous  extraction  (15  pounds  for 
1 1  minutes). 
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Polarographic  Determination  of  Copper,  Lead,  and 
Cadmium  in  High-Purity  Zinc  Alloys 

R.  C.  HAWKINGS  AND  H.  G.  THODE 
McMaster  University,  Hamilton,  Ontario,  Canada 


A  study  has  been  made  on  the  application  of  the  polaro- 
9raphic  method  of  analysis  in  determining  trace  elements 
(down  to  1  X  10_<  per  cent)  found  in  zinc-base  die  casting 
alloys.  Trace  amounts  of  lead,  cadmium,  and  tin  cause 
intergranular  corrosion  which  results  in  a  serious  weakening 
of  the  alloy.  A  polarographic  procedure  has  been  de- 
veloRfd  for  the  direct  determination  of  copper,  cadmium, 
and  lead  in  these  alloys.  The  samples  are  dissolved  in 
hydrochloric  and  nitric  acids,  evaporated  to  near  dryness, 
redissolved,  treated  with  hydroxylamine  hydrochloride, 
and  finally  diluted  to  volume.  The  solution  is  then  elec¬ 
trolyzed  cathodically  over  a  range  of  approximately  0.8 


volt  to  obtain  waves  for  copper,  lead,  and  cadmium.  Using 
an  8-gram  sample  in  50  ml.  of  solution,  these  elements  can 
be  determined  with  a  precision  of  *1  X  10-4  per  cent 
of  the  sample  weight.  National  Bureau  of  Standards  zinc 
samples  have  been  analyzed  using  the  above  procedure 
and  the  results  found  to  agree  very  well  with  the  certificate 
value.  Samples  of  high-purity  zinc  and  zinc  alloys  have 
been  analyzed  without  difficulty.  Nineteen  elements 
have  been  considered  from  the  standpoint  of  possible 
interference.  The  results  indicate  that  trace  amounts  of 
copper,  cadmium,  and  lead  can  be  determined  polaro- 
graphically  with  high  precision  and  accuracy. 


METALLURGISTS  have  found  in  recent  years  that  traces 
of  lead,  cadmium,  and  tin  in  zinc-base  die-casting  alloys 
bnd  to  cause  intergranular  corrosion  which  results  in  a  serious 
1  ’eakening  of  the  alloy.  For  this  reason,  specifications  for  the 
manufacture  of  these  alloys  are  very  rigid,  often  requiring  that 
had  shall  not  exceed  0.003  per  cent,  cadmium  0.003  per  cent,  and 
in  0.001  per  cent.  The  purpose  of  "his  investigation  was  to  de- 
elop  a  system  of  analysis  for  zfilc  die-casting  alloys  of  the 
•lazak  type  in  which  the  polarograph  could  be  used  with  ad  van- 
age  to  determine  trace  amounts  down  to  10  per  cent  with  high 
Precision  and  accuracy. 

The  determination  of  trace  quantities  by  wet  methods  of 
.nalysis  is  exceedingly  difficult.  It  is  usually  necessary  to  use 
arge  samples  (100  grams  or  more),  and  to  make  repeated  time- 
!onsuming  separations.  The  polarographic  method,  on  the 
ither  hand,  is  particularly  suited  to  trace  amounts,  the  very 
Mature  of  which  greatly  reduces  the  necessity  for  making  separa- 
'ions,  and  which  compares  very  favorably  with  the  spectro- 
hemical  method  with  respect  to  the  limits  of  determination 
possible.  A  polarographic  determination,  where  applicable,  is 
onsiderably  cheaper  than  a  spectrochemieal  determination,  and 
an  often  be  carried  out  more  rapidly. 

Heyrovsky  (4)  in  a  review  of  the  applications  of  polarography 
jioted  that  it  is  possible  to  determine  lead  and  cadmium  in  zinc, 
»nd  gave  curves  for  a  0.5-gram  sample  in  5  ml.  of  hydrochloric 
icid,  in  which  the  concentration  of  lead  is  0.0050  per  cent  and 
cadmium  is  0.0037  per  cent.  Terui  {11)  determined  lead  and 
cadmium  to  the  nearest  1  X  10“ 3  per  cent  by  dissolving  8  grams 
of  zinc  in  70  ml.  of  5 N  hydrochloric  acid  with  a  few  drops  of  ni¬ 
tric  acid  and  evaporating  to  50  ml.  Ensslin  ( S )  reported  a  po¬ 
larographic  method  for  lead  and  cadmium  in  pure  zinc,  in  which 
the  zinc  was  dissolved  in  nitric  acid  and  the  resulting  solution 
combined  with  different  base  solutions.  The  lead  and  cadmium 
were  determined  separately;  the  lead  with  an  accuracy  of  20  per 


cent  of  the  total  amount  present,  from  3  X  10“ 3  to  5  X  10' 4  per 
cent  on  what  would  correspond  to  a  100-gram  sample  in  1  liter  of 
solution.  Krossin  (8)  applied  the  polarograph  to  the  analysis  of 
copper-  and  aluminum-bearing  zinc  alloys  for  lead  and  bismuth 
by  means  of  precipitation  with  sodium  sulfide.  Seith  and  Esche 
( 9 )  determined  lead,  cadmium,  bismuth,  thallium,  and  tin  in 
zinc  by  the  polarographic  method.  The  lead,  cadmium,  and 
bismuth  were  determined  simultaneously  by  treating  a  5-gram 
sample  with  hydrochloric  acid  and  diluting  to  25  ml.  before  elec¬ 
trolysis  at  28°  C.  The  thallium  and  tin  were  determined  by 
difference  from  the  sum  of  cadmium  and  thallium  and  lead  and 
tin,  respectively.  Results  are  reported  to  the  nearest  1  X  10~ 3 
per  cent  except  for  tin,  which  is  limited  to  1.5  X  10“ 3  per  cent. 
Hohn  (J)  in  a  review  of  polarographic  methods  of  analysis  out- 
fined  a  method  for  copper,  lead,  and  cadmium  in  zinc,  but  made 
no  mention  of  its  accuracy  or  precision. 

In  the  work  reviewed  above,  only  one  paper  deals  with  the  de¬ 
termination  of  impurities  in  zinc  alloys,  and  this  involves  an  ob¬ 
jectionable  sulfide  separation  with  its  attendant  errors.  The 
present  investigation  was  undertaken  in  an  effort  to  develop  a 
method  for  the  direct  determination  of  copper,  lead,  and  cadmium 
in  high-purity  zinc-base  die-casting  alloys  of  the  Mazak  type  with 
special  emphasis  on  accuracy  and  precision  in  the  region  of  10 -4 
per  cent  of  the  sample  weight. 

APPARATUS  AND  REAGENTS 

The  preliminary  studies  were  made  with  a  Leeds  &  Northrup 
Electro-Chemograph,  and  the  work  was  concluded  with  a  Hey¬ 
rovsky  polarograph  Model  XI  (E.  H.  Sargent  and  Co.).  The 
same  capillary  was  used  throughout  the  investigation.  The 
capillary  constant  in  2.5 M  zinc  chloride  was  found  to  be  1.37 
mg.2/3  sec.-1/2  when  h  =  36.5  cm.,  t  =  3.3 seconds,  and  tempera¬ 
ture  =  25  ±  0.5°  C.  When  the  curves  showed  irregularities 
traceable  to  fluctuations  in  the  drop  time,  the  capillary  was 
cleaned  with  concentrated  nitric  acid  as  directed  by  Kolthoff  and 
Lingane  (7).  The  pressure  on  the  dropping  electrode  was  main¬ 
tained  by  using  the  Leeds  &  Northrup  electrode  assembly  in  con- 
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junction  with  a  large  flask  to  serve  as  a  pres¬ 
sure  regulator.  This  kept  the  pressure  constant 
to  within  ±0.5  mm.  of  mercury  over  periods 
of  not  less  than  45  minutes.  An  ordinary 
electrolysis  cell  with  an  internal  anode  was 
used  throughout  these  experiments.  The  step 
heights  were  measured  by  the  slope  intercept 
method — i.e.,  straight  lines  were  drawn  along 
the  principal  slopes  of  the  curve  and  the  ver¬ 
tical  distances  between  the  points  of  intersec¬ 
tion  of  the  extensions  of  these  lines  were  meas¬ 
ured  with  a  millimeter  scale  ( 1 )  (see  Figure  1). 
All  work  was  carried  out  at  25  ±  0.5°  C. 

Most  commercial  reagents  contain  traces  of 
various  elements,  and  it  was  found  necessary 
to  check  the  purity  of  the  reagents  used  under 
the  conditions  existing  in  the  procedure  out¬ 
lined  below.  It  was  not  possible  to  procure 
zinc  metal  of  such  purity  that  no  steps  were 


obtained  under  the  operating  conditions. 

(The  word  “step”  is  intended  to  describe  the  increase  in  current 
caused  by  the  discharge  of  an  ion,  7.) 

A  sample  of  zinc  was  made  uniform  by  reducing  the  sample 
to  shavings  and  mixing.  A  portion  of  this  sample  was  analyzed 
polarographically,  using  the  procedure  outlined,  without  addi¬ 
tion  of  metal  ions.  This  gave  the  residual  current  for  the  en¬ 
suing  determinations. 

Concentrated  Hydrochloric  Acid  (sp.  gr.  1.19).  One 
hundred  milliliters  of  concentrated  hydrochloric  acid  were  evap¬ 
orated  almost  to  dryness  in  a  125-ml.  Pyrex  beaker.  An  8-gram 
sample  of  zinc  was  then  added  to  this  residual  liquid  and  the 
whole  carried  through  the  procedure  for  analysis.  After  sub¬ 
tracting  the  residual  current  due  to  the  zinc,  it  was  found  that 
for  the  32  ml.  of  hydrochloric  acid  required,  a  correction  of  5  X 
10~5  per  cent  of  cadmium  and  5  X  10~5  per  cent  for  copper  would 
have  to  be  applied.  No  trace  of  lead  was  found. 

Concentrated  Nitric  Acid  (sp.  gr.  1.42).  One  hundred 
milliliters  of  concentrated  nitric  acid  were  treated  in  a  manner 
similar  to  that  used  for  the  hydrochloric  acid.  No  traces  of 
copper  or  lead  were  found,  but  cadmium  corresponding  to 
0.00015  per  cent  in  an  8-gram  zinc  sample  was  detected.  Inas¬ 
much  as  the  amounts  of  nitric  acid  used  were  seldom  in  excess  of 
10  ml.,  this  amount  of  cadmium  was  considered  negligible  for  the 
present  purpose. 

Hydroxylamine  Hydrochloride  (2 N).  Ten  milliliters  of 
2 N  hydroxylamine  hydrochloride  were  evaporated  almost  to 
dryness  and  treated  as  was  the  hydrochloric  acid.  No  traces  of 
copper,  lead,  or  cadmium  were  found. 

Gelatin  Solution  (0.2  per  cent  aqueous).  One  gram  of 
gelatin  was  ashed  in  a  porcelain  crucible  and  the  residue  taken 
up  in  a  few  milliliters  of  concentrated  hydrochloric  acid.  The 
contents  of  the  crucible  were  then  added  to  a  zinc  sample  as  for 
hydrochloric  acid.  Copper  corresponding  to  3  X  10“ 4  per  cent 
and  cadmium  to  1  X  10“ 4  per  cent  in  an  8-gram  zinc  sample  were 
found.  Since  only  2.5  ml.  of  the  0.2  per  cent  solution  are  used 
in  an  analysis,  these  impurities  were  considered  negligible. 

Distilled  Water.  Five  hundred  milliliters  of  water  were 
evaporated  to  dryness  and  treated  as  for  hydrochloric  acid. 
No  detectable  amounts  of  copper,  lead,  or  cadmium  were  found. 

Using  the  procedure  described  below,  it  was  found  that  the 
over -all  effect  of  impurities  in  the  reagents  amounts  to  copper 
0.00005  per  cent,  lead  0.00000  per  cent,  and  cadmium  0.00005  per 
cent.  These  amounts  may  be  neglected  for  most  purposes. 

The  standard  solutions  of  copper,  lead,  and  cadmium,  required 
for  the  calibration  of  the  capillary  were  prepared  by  diluting  stock 
solutions. 

Standard  Stock  Solution  for  Copper.  A  0.2M  solution 
of  cupric  nitrate  was  prepared  by  dissolving  12.714  grams  of 
electrolytic  copper  in  dilute  nitric  acid  and  diluting  to  1  liter. 
This  solution  was  analyzed  by  slow  deposition,  and  found  to  be 
0.1982  ±  0.0002M  (average  of  four  determinations). 

Standard  Stock  Solution  for  Cadmium.  A  0.2M  solution 
of  cadmium  nitrate  was  prepared  by  dissolving  22.496  grams  of 
c.p.  cadmium  in  dilute  nitric  acid  and  diluting  1  liter.  This  solu¬ 
tion  was  analyzed  by  electrical  deposition  and  found  to  be  0. 1996  ± 
0.0004A/  (average  of  three  determinations). 


Standard  Stock  Solution  for  Lead.  A  0.2.1/  solution 
lead  nitrate  was  prepared  by  dissolving  41.458  grams  of  c.p.  It 
in  dilute  nitric  acid  and  diluting  to  1  liter.  This  solution  i 
analyzed  by  the  lead  acid  method  and  found  to  be  0.1981 
0.0002.1/  (average  of  four  determinations). 

PROCEDURE 

To  8  grams  of  turnings  in  a  125-ml.  Pyrex  beaker  add  slo\ 
25  ml.  of  concentrated  hydrochloric  acid.  After  the  first  viol 
reaction  has  subsided,  add  cautiously  a  few  milliliters  of  cone 
trated  nitric  acid,  and  warm  to  effect  solution.  When  solut. 
is  complete,  add  sufficient  nitric  acid  to  make  ^he  volume 
added  nitric  acid  5  ml.  Evaporate  on  a  hot  sand  bath  u 
salts  begin  to  crystallize  out,  and  the  mixture  boils  like  tfc 
sirup.  If  desired,  the  evaporation  may  be  hastened  somew 
by  careful  heating  on  a  wire  gauze.  Allow  the  mixture  to  c 
for  a  short  time,  or  until  solid.  Wash  down  with  distilled  wi 
until  about  10  ml.  of  water  have  been  added. 

Add  7  ml.  of  concentrated  hydrochloric  acid  and  heat  on  a  s; 
bath  until  any  hydrolyzed  aluminum  is  redissolved.  This  r 
require  10  to  15  minutes.  Transfer  to  a  50-ml.  volumetric  fl 
with  the  minimum  of  distilled  water.  Add  2.5  ml.  of  0.2  per  c 
gelatin  solution  and  0. 1  ml.  of  2 N  hydroxylamine  hydrochlor 
Shake  and  heat  until  the  solution  becomes  colorless.  If  ne 
sary,  add  a  second  portion  of  hydroxylamine  hydrochlor 
(Occasionally  a  solution  may  remain  colored  in  spite  of  a  k  i 
excess  of  hydroxylamine.  If  the  excess  corresponds  to  100  to 
times  the  amount  of  iron  present,  this  color  can  usually  be  j 
nored.)  Dilute  with  freshly  boiled  distilled  water,  cool,  and  i 
lute  of  volume.  Bubble  with  nitrogen  in  the  electrolysis  cell  i 
15  to  20  minutes  to  remove  dissolved  oxygen,  and  electro’  l 
from  —0.04  volt  to  the  discharge  potential  of  the  supporl 
electrolyte  (approximately  —0.8  volt)  using  a  bridge  potential 
volt.  The  sensitivity  should  be  adjusted  to  give  the  largest  ]  ■ 
sible  steps  in  the  curves. 

The  ferric  iron  is  readily  reduced  to  the  ferrous  state  by  tr  t 
ing  the  warm  hydrochloric  acid  solution  with  hydroxylamine  ) 
In  this  state,  the  iron  will  not  interfere  with  the  determinatio  j 
the  copper,  lead,  and  cadmium.  Strubl  (10)  also  made  us  a 
this  reagent  in  the  analysis  of  zinc  blende  which  was  high  in  i  c 

The  time  required  for  a  determination  of  copper,  lead,  U 
cadmium  in  a  zinc-base  alloy  using  the  above  procedure  is  al  u 
3  hours.  However,  a  large  number  of  samples  may  be  run  at  > 
same  time,  as  only  10  minutes  are  required  for  a  polarogram  £  e 
the  sample  is  prepared. 

If  copper  is  present  in  the  alloy  in  excess  of  0.1  per  cent,  i 
advisable  to  remove  the  copper  by  electrodeposition  from  n  i 
acid  solution  as  follows : 

To  8  grams  of  zinc  in  a  tail-form  250-ml.  beaker,  add  50  no  o 
water  and  then  add  23  ml.  of  nitric  acid  in  small  portions.  Vi  si 
all  the  acid  has  been  added,  boil  to  complete  solution,  dilut  t 
100  ml.  (or  sufficient  volume  to  cover  the  electrodes),  and  iic 
trolyze  at  4  amperes  and  3  to  4  volts  for  1  hour,  with  a  rota  D| 
gauze  anode  and  a  gauze  cathode.  At  the  end  of  this  time,  i  si 
down  the  cover  glass  and  beaker  and  continue  for  anoth 


ANALYTICAL  EDITION 


73 


anuary  15,  1944 

pinutes.  Carefully  remove  the  electrodes,  while  washing  with  a 
leavy  stream  of  water.  Under  no  circumstances  should  the 
ircuit  be  broken  before  the  electrode  is  completely  free  of  acid, 
tinse  the  electrode  several  times  in  95  per  cent  alcohol,  shake 
ree  of  excess  alcohol,  and  dry  by  revolving  rapidly  over  a  Bun- 
en  flame  after  igniting  the  film  of  alcohol.  Weigh  as  pure 
opper.  Replace  the  anode,  which  may  have  lead  oxide  deposited, 
n  the  electrolyte  and  heat  the  whole  to  boiling.  Then  wash  the 
■lectrode  and  remove  it  and  boil  the  solution  down  to  incipient 
rystallization.  Add  hydrochloric  acid  and  carry  out  the  proce- 
lure  as  for  zinc  which  is  low  in  copper.  Care  must  be  taken  to 
emove  all  excess  nitric  acid.  To  do  this,  an  extra  evaporation 
vith  10  ml.  of  hydrochloric  acid  is  recommended  before  addition 
>f  the  7  ml.  of  hydrochloric  acid  and  10  ml.  of  water  to  redissolve 
,he  hydrolyzed  aluminum. 

This  modification  increases  the  total  time  required  for  an 
malysis,  but  when  a  large  number  of  samples  are  to  be  run,  this 
ncrease  is  considerably  lessened.  The  results  obtained  for  the 
uopper  by  this  method  are  usually  slightly  high  (0.03  per  cent 
ligh  for  3  per  cent  copper).  No  traces  of  cadmium  or  zinc  were 
ound  in  the  deposit  when  the  deposit  had  been  redissolved  and 
leposited,  and  the  electrolyte  examined  polarographically. 


[able  1. 

Calibration  Constants  for  Copper,  Lead,  and 

Cadmium 

Leeds  &  Northrup 

Sargent 

Clement 

1 

2 

Average 

1 

2 

Average 

%/  micro¬ 

%/ micro¬ 

%/ micro¬ 

%/micro¬ 

%/micro¬ 

%  /  micro¬ 

ampere 

ampere 

ampere 

ampere 

ampere 

ampere 

Cu 

0.01815 

0.01864 

0.0184 

0.02040 

0.02078 

0.0206 

Pb 

0.02905 

0.03009 

0 . 0296 

0.03334 

0.03413 

0.0338 

Cd 

0.01869 

0.01873 

0.0187 

0.01875 

0.01888 

0.0188 

RESULTS  AND  DISCUSSION 

The  capillary  was  calibrated  by  making  additions  of  copper, 
lead,  and  cadmium  from  the  diluted  stock  solutions.  The  cali¬ 
bration  was  carried  out  over  a  concentration  range  of  10~* * 3 4 5 6M  to 

3  X  10 -W  on  both  the  Leeds  &  Northrup  and  the  Sargent 
polarographs.  The  step  heights  were  obtained  by  difference 
from  the  residual  current  of  the  zinc  used  as  a  supporting  electro¬ 
lyte,  and  those  produced  by  the  zinc  plus  added  ions.  In  the 
lower  concentration  range  (1  X  10 to  5  X  10-6il/),  this  residual 
current  amounted  to  from  ten  to  twenty  times  the  increase  in 
current  due  to  the  added  ions,  and,  accordingly  a  large  error  was 
introduced.  This  error  was  more  significant  when  using  the 
Leeds  &  Northrup  instrument  than  when  employing  the  Sargent 
apparatus.  The  fact  that  the  latter  has  over  twice  the  maxi- 
,  mum  sensitivity  of  the  former  would  account  in  part  for  this  dif¬ 
ference  in  the  results. 

The  calibration  constants  for  two  successive  calibrations  using 
two  different  zinc  samples  as  a  supporting  electrolyte  are  given  in 

Table  I. 

■  , 

The  factors  were  obtained  in  terms  of  per  cent  per  microampere 

for  each  metal  for  the  sake  of  convenience  in  calculating  the 
values  from  the  step  heights.  The  basis  for  the  calculation  is  an 
8-gram  sample  in  50  ml.  of  solution. 

In  order  to  determine  the  precision  of  the  method,  and  to  dis¬ 
cover  the  greatest  source  of  error  in  the  polarographic  proce¬ 
dure,  five  series  of  determinations  were  carried  out,  using  the 
Sargent  instrument  (Table  II). 

11.  Precision  of  repeated  determinations  on  the  same  cell. 

2.  Precision  of  repeated  determinations  on  different  aliquots 
of  the  same  solution. 

3.  Precision  of  repeated  determinations  on  different  samples 
of  the  same  alloy. 

4  and  5.  Precision  of  repeated  measurements  of  the  same  curve 
1  by  different  individuals  and  by  the  same  individual. 

These  results  indicate  that  the  mean  deviation  of  measurement 

5  in  all  cases  is  approximately  one  half  of  the  total  mean  deviation 
t  of  the  procedure.  The  deviation  is  not  significant,  however,  in 

1  that  it  barely  affects  the  fourth  place  of  decimals.  The  over-all 


Table  II.  Precision  of  Polarographic  Procedure 


CoDDer 

Lead 

Cadmium 

Series0 

Average 

Deviation^ 

Average 

Deviation^ 

Average 

Deviation^ 

% 

% 

% 

% 

% 

% 

1 

0.00181 

0.00006 

0.0057s 

0.00008 

0.0005. 

0.00004 

2 

0.00181 

0 . 00003 

0.00587 

0.00003 

O.OOO62 

0.00005 

3 

0.0018s 

0.00011 

0 . 0056o 

0.00008 

O.OOO62 

0.00005 

4 

O.OOlOi 

0 . 00003 

0.0017i 

0 . 00004 

0.0009s 

0 . 00002 

5 

O.OOIO2 

0.00003 

O.OOI67 

0.00005 

0.0009s 

0.00003 

°  Each  of  series  1,  2,  and  3,  is  result  of  seven  determinations.  In  series 
3,  each  determination  was  made  in  duplicate.  Series  4  is  result  of  duplicate 
measurements  by  nine  different  individuals.  Series  5  is  result  of  ten  measure¬ 
ments  of  6ame  curve. 

!>  Average  deviation  from  arithmetical  mean. 


precision  would  indicate  that  it  is  possible  to  determine  copper, 
lead,  and  cadmium  to  within  1  X  10-4  per  cent  for  the  range  of 
concentrations  encountered  in  high-purity  alloys  of  the  Mazak 
type. 

At  the  time  this  investigation  was  carried  out,  it  was  impos¬ 
sible  to  procure  a  National  Bureau  of  Standards  zinc  die-casting 
alloy  of  the  type  desired  (Mazak  3).  In  lieu  of  this,  an  analysis 
was  made  on  an  alloy  high  in  copper.  Analyses  are  also  pre¬ 
sented  for  several  standard  zinc  spelters  (Table  III). 

It  has  been  found,  as  a  result  of  the  analysis  of  a  large  number 
of  commercially  analyzed  zinc  samples,  that  the  polarographic 
results  are  usually  high.  No  explanation  is  available  for  this 
phenomenon.  The  calibrations  have  been  checked  and  re- 
checked  repeatedly  in  the  authors’  laboratory  by  different  meth¬ 
ods.  There  is  a  possibility  that  because  of  the  small  amount  of 
handling,  the  polarographic  results  represent  a  closer  approxima¬ 
tion  to  the  true  value  than  analyses  which  are  the  result  of  many 
successive  manipulations.  The  degree  of  precision  of  the  polaro¬ 
graphic  procedure  is  high,  as  illustrated,  and  the  deviations  from 
other  analyses  do  not  show  signs  of  a  constant  error.  This  is 
evidenced  by  examination  of  the  above  results  for  the  Bureau  of 
Standards  samples. 


Table  III.  Accuracy  of  Method 

(Sargent  instrument) 

Copper  Lead 

%  % 

National  Bureau  of  Standards.  Sample  94 

Experimental  2.83a  0.0318 

Precision  ±0.01  =*=  0 . 0002 

Certificate  value  2.82  0.031 

National  Bureau  of  Standards.  Sample  109 

Experimental  0.0007  0.0025 

Precision  ± 0 . 000 1  ±  0 . 000 1 

Certificate  value  0 . 0005  0 . 0020 

National  Bureau  of  Standards.  Sample  108 

Experimental  0.0004  0.0505 

Precision  ±0.0001  ±0.0002 

Certificate  value  0.0004  0.047 

°  By  electrodeposition. 


INTERFERING  ELEMENTS 

There  are  some  nineteen  elements  which  may  be  found  in  zinc, 
either  as  impurities,  or  as  alloying  elements:  Cu,  Pb,  Cd,  Ni,  Co, 
Mn,  Ag,  As,  Hg,  Tl,  Bi,  Sb,  Al,  Fe,  Ge,  Ga,  In,  Mg,  and  Sn.  (“In¬ 
terference”  is  intended  to  describe  the  preliminary  or  almost  co¬ 
incidental  discharge  of  some  undesired  ion  which  either  results 
in  a  masking  of  the  step  desired  or  makes  impossible  the  record¬ 
ing  of  the  desired  ion  at  maximum  sensitivity.) 

Experiments  with  0.05  per  cent  each  of  nickel,  cobalt,  manga¬ 
nese,  silver,  arsenic,  mercury,  and  indium  show  that  there  is  no 
detectable  effect  on  the  steps  for  copper,  lead,  and  cadmium 
within  ±0.0001  per  cent.  Magnesium  was  tried  up  to  0.5  per 
cent  and  no  interference  was  detected.  This  is  to  be  expected, 
since  the  discharge  potential  of  magnesium  is  well  above  that  of 


Cadmium 

% 


0.0025 

±0.0001 

0.004 


0.0019 

±0.0001 

0.0018 


0.0960 

±0.0007 

0.092 


74 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  16,  No.  1 


zinc.  Copper  up  to  0.1  per  cent  has  been  determined  polaro- 
graphically  without  reducing  the  sample  size  while  retaining  a 
high  degree  of  precision  for  lead  and  cadmium.  Results  of  the 
electrodeposition  of  copper  in  conjunction  with  the  polarographic 
determination  of  lead  and  cadmium  indicate  that  there  is  no  loss 
of  lead  and  cadmium  during  this  operation  and  that  less  than 
0.01  per  cent  of  the  copper  remains  after  deposition.  Bismuth 
was  found  to  give  a  step  which  precedes  that  of  copper  and  for 
this  reason  interferes  with  the  ensuing  determination  of  copper, 
lead,  and  cadmium  when  present  in  excessive  amounts.  It  is 
not  close  enough,  however,  to  mask  the  copper  step.  The  factor 
for  bismuth  was  found  to  be  approximately  0.024  per  cent  per  A. 
for  an  8-gram  zinc  sample  in  50  ml.  Antimony  at  0.05  per  cent 
gives  a  poorly  defined  step  which  interferes  with  the  steps  for 
copper,  lead,  and  cadmium;  however,  at  0.01  per  cent  and  less, 
no  interference  was  found.  Thus  antimony  concentrations  of 
0.01  per  cent  can  be  tolerated.  The  nature  of  the  interference 
would  seem  to  indicate  a  small  diffusion  coefficient  for  Sb+++++ 
in  this  particular  medium.  Thallium  gives  a  well-defined  wave 
which  comes  between  lead  and  cadmium  in  2.5  zinc  chloride. 
For  trace  amounts  of  copper,  lead,  and  cadmium,  only  0.002 
per  cent  of  thallium  can  be  present.  This  corresponds  to  the 
findings  of  Seith  and  Esche  ( 9 )  with  regard  to  the  limit  of  detec¬ 
tion  of  thallium  in  zinc.  Germanium  was  not  tested  for  inter¬ 
ference,  because  of  the  extreme  volatility  of  its  chloride.  Gallium 
was  not  tested  because  of  the  difficulty  in  obtaining  a  salt  of  this 
metal.  No  interference  is  to  be  expected  from  gallium  because 
of  its  high  discharge  potential. 

Stannic  tin  when  present  in  amounts  greater  than  0.0015  per 
cent  will  give  a  measurable  increase  in  the  step  height  for  lead. 
Occasionally,  amounts  greater  than  this  may  be  tolerated  due  to 
volatilization  of  stannic  chloride,  but  such  amounts  of  tin  are  not 
volatilized  appreciably  by  this  particular  procedure.  Kalovsek 

(6)  indicates  that  the  electroreduction  of  stannic  tin  is  not  re¬ 
versible  except  in  hydrochloric  acid  solutions  of  high  concentra¬ 
tion  (above  0.1  N),  where,  however,  the  reduction  process  ap¬ 
pears  inhibited.  This  would  explain  why  such  a  large  amount  of 
stannic  tin  would  cause  no  interference.  These  results  confirm 
those  of  Seith  and  Esche  for  the  limit  of  detection  of  tin  in  zinc. 
Aluminum  up  to  6  per  cent  has  been  found  to  be  without  detect¬ 
able  effect  on  the  height  of  the  steps  for  copper,  lead,  and  cad¬ 
mium.  Higher  concentrations  of  aluminum  might  have  an  effect 
only  in  so  far  as  they  affected  the  concentration  of  the  supporting 
electrolyte.  Iron,  after  reduction  with  hydroxylamine  hydro¬ 
chloride  is  without  significant  effect  in  the  determination  of 
copper,  lead,  and  cadmium  at  2.5  per  cent.  It  is  necessary,  of 
course,  to  adjust  the  amount  of  hydroxylamine  hydrochloride 
used  in  accordance  with  the  iron  content  for  satisfactory  results. 


A  study  of  the  polarographic  determination  of  trace  quantities 
of  tin,  aluminum,  and  magnesium  in  high-purity  zinc  alloys  is  ii 
progress. 

CONCLUSION 

Trace  amounts  of  copper,  lead,  and  cadmium  can  be  rapidly  de¬ 
termined  by  the  polarographic  method  in  high-purity  zinc  anc 
zinc  die-casting  alloys  with  a  high  degree  of  precision.  Such  s 
method  should  prove  of  value  in  industrial  laboratories  where  time 
is  at  a  premium. 

In  an  effort  to  make  possible  a  complete  polarographic  analysii 
of  high-purity  zinc  and  zinc  die-casting  alloys,  procedures  an 
being  developed  for  the  determination  of  other  elements  present 
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Determination  of  Pectin  in  Biological  Materials 

Modification  of  Pentose-Furfural  Method 

EDWIN  F.  BRYANT,  GRANT  H.  PALMER,  and  GLENN  H.  JOSEPH 
California  Fruit  Growers  Exchange,  Research  Department,  Corona,  Calif. 


Pectin  is  converted  to  a  pentose  which  produces  the  furfural 
with  which  this  method  is  concerned.  Data  are  presented 
to  show  the  normal  levels  of  furfural-yielding  substances  in 
various  organs  and  fluids  from  rabbits.  The  analytical  pro¬ 
cedures  described  make  it  possible  to  recover  95  to  100 
per  cent  of  pectin  which  has  been  added  to  animal  tissues 
and  fluids. 

PRESENT  wartime  conditions,  which  have  increased  inter¬ 
est  in  pectin  sols  for  intravenous  use  in  treating  shock,  have 
made  it  necessary  to  devise  a  semimicromethod  for  the  deter¬ 
mination  of  pectin  in  biological  materials. 

Pectinum  N,  F.  VII  which  is  suitable  for  intravenous  use  is  es¬ 
sentially  a  pure  polygalacturonic  acid  ester.  When  such  a  pectin 
is  refluxed  at  elevated  temperatures  with  12.5  per  cent  hydro¬ 
chloric  acid  the  polygalacturonic  anhydride  units  are  decarboxyl- 
ated,  producing  a  mole  of  carbon  dioxide  for  each  carboxyl,  and 
forming  furfural  from  the  newly  formed  pentose.  Accurate 
quantitative  procedures  based  upon  the  determination  of  the 


carbon  dioxide  evolved  and  upon  the  furfural  produced  have  beei 
developed  during  the  forty  years  which  have  elapsed  since  th 
general  reactions  were  first  described  by  Tollens  (5). 

The  methods  which  have  been  developed  for  quantitative  esti 
mations  of  furfural  are  sensitive  to  extremely  small  amounts  am 
adaptable  to  colorimetric  procedures.  The  carbon  dioxide  meth 
ods  are  useful  only  when  relatively  large  amounts  of  material  ar 
available;  hence  for  purposes  of  determining  pectin  in  biologies 
systems  the  furfural  scheme  is  preferred. 

Furfural  methods  and  their  applications  to  pectin  analyse 
were  discussed  by  Browne  and  Zerban  in  1941  (#).  Youngbur 
(7)  in  1927  described  a  particular  adaptation  of  furfural  estims 
tion  useful  for  biological  materials.  Bryant,  Palmer,  and  Josep 
(4)  used  a  modification  of  Youngburg’s  method  in  these  labors 
tones  early  in  1941  for  an  examination  of  the  liver  and  othe 
organs  of  the  rabbit.  The  Youngburg  scheme  involved  stear 
distillation  from  85  per  cent  phosphoric  acid  and  colorimetri 
determination  of  furfural  in  the  distillate  by  the  furfural-anilin 
acetate  reaction.  Details  for  the  use  of  the  Youngburg  methoc 
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articularly  the  step  involving  trichloroacetic  acid  treatment  of 
imples,  were  given  by  Andersch  and  Gibson  (1). 

Modifications  of  the  Youngburg  method  previously  published 
,iled  to  allow  reasonable  recovery  of  pectin  which  had  been  added 
)  urine,  and  also  failed  to  provide  samples  from  blood  and  tissue 
laterials  which  could  be  distilled  without  excessive  foaming, 
he  method  described  here  provides  for  an  alcohol  treatment  of 
rine  samples  which  permits  complete  recovery  of  pectin  added 
urine.  It  substitutes  sodium  tungstate  for  trichloroacetic 
cid  and  centrifuging  for  filtration,  in  preparing  other  samples, 
ad  continues  with  the  regular  Youngburg  distillation.  Foam- 
ig  is  eliminated  and  recoveries  from  control  samples  are  excellent. 


he  technique  for  the  determination  of  furfural  in  the  distillate  by 
photoelectric  colorimeter  is  described.  The  procedures  given 
elow  are  the  result  of  several  hundred  analyses  of  rabbit  blood, 
rine,  and  organs,  and  of  many  mixtures  of  pectin  with  these  ani- 
lal  materials. 


APPARATUS 

The  distillation  apparatus  shown  in  Figure  1  is  composed  of 
steam  generator,  A,  made  from  a  large  ether  can  with  burner 
ndemeath  regulated  by  screw  clamp  for  control  of  steam  flow 
ito  B,  the  distillation  unit,  a  Pyrex  25  X  150  mm.  test  tube,  with 
aermometer  covering  the  range  0°  to  200°  C.:  C,  tin  cylinder 
hield  for  microbumer;  and  D,  a  water-coolea  condenser,  250- 
nn.  jacket,  with  inside  tube  preferably  6  to  7  mm.  in  diameter 

Ind  turned  down  at  end  for  delivery  into  E,  a  50-ml.  graduated 
ylinder.  An  ordinary  steam  generator  made  from  glass  may  be 
sed  instead  of  the  metal  one  described. 

A  number  of  the  Pyrex  25  X  150  mm.  test  tubes  should  be 

! variable  because  urine  samples  are  prepared  in  them  and  then 
lay  be  stored  until  time  is  available  for  distillation.  It  is  con- 
enient  to  have  2.0-,  3.0-,  4.0-,  and  5.0-ml.  volumetric  pipets,  as 
ell  as  Mohr  pipets,  1.0-ml.  size  graduated  in  0.10  divisions.  A 
entrifuge  at  least  as  large  as  the  International  No.  1  and  several 
0-ml.  centrifuge  tubes  are  required.  A  photoelectric  colorim- 
ter  is  recommended.  The  Fisher  Electrophotometer  with  a  blue 
Iter  (No.  425B)  and  the  Klett-Suxnmerson  photoelectric  colorim- 
ter  with  a  green  filter  (No.  54)  have  been  used  successfully  with 
bis  method. 


standard  (1.00  ml.  equivalent  to  0.01  mg.  of  furfural)  should  be 
made  fresh  the  day  of  use. 

Freshly  distilled  aniline,  free  from  furfural.  Test  by  adding 
0.25  ml.  to  2.0  ml.  of  glacial  acetic  acid.  If  a  pink  color  develops 
within  one  minute,  furfural  is  present. 

Glacial  acetic  acid,  85  per  cent  orthophosphoric  acid,  10  per 
cent  by  weight  solution  of  sodium  tungstate  (Na^WO^HaO), 
0.5 N  sulfuric  acid,  and  isopropyl  or  ethyl  alcohol,  at  least  95  per 
cent. 


PREPARATION  OF  SAMPLES 

Pectin  Sols  for  Check  on  Method.  The  utility  of  this 
method  in  determining  the  fate  of  injected  pectin  depends  upon 
having  an  accurate  figure  for  the  furfural  equivalent  per  milliliter 
of  the  pectin  sol  being  used  in  the  animal  experiments.  Each 
lot  of  Exchange  Pectinum  N.  F.  VII  will  have  a  definite  value  for 
the  furfural  equivalent,  usually  varying  from  190  to  215  mg.  of 
furfural  per  gram  of  pectin.  These  furfural  values,  obtained  by 
the  method  described  below,  have  been  checked  by  using  the 
standard  gravimetric  phloroglucin  method  {6) .  The  values  by 
the  two  methods  agree  almost  perfectly. 

Animal  work  with  pectin  usually  involves  1.0  to  2.0  per  cent 
sols  which  have  -been  sterilized  by  autoclaving  and  filtered  to 
sparkling  brilliance.  Standardization  analyses  on  such  sols 
should  be  rim  on  samples  prepared  as  follows:  5.0  ml.  of  1.0  to 
2.0  per  cent  pectin  sol,  diluted  to  200.0  ml.  with  distilled  water; 
2.0  ml.  of  this  diluted  sol  should  be  used  for  each  analysis. 

Urine.  Normal  urine  from  rabbits  usually  contains  so  little 
furfural-yielding  material  that  4.0-ml.  samples  are  required  for 
an  analysis.  When  pectin  has  been  injected  into  an  animal,  it 
is  necessary  to  use  only  a  2.0-ml.  sample  of  urine  to  get  good  re¬ 
sults,  while  pectin  is  being  excreted. 

Pipet  duplicate  samples  of  urine  into  25  X  150  ml.  Pyrex  test 
tubes  and  add  10  volumes  of  at  least  95  per  cent  alcohol.  After 
standing  for  an  hour  or  two  centrifuge  the  tubes  and  pour  off  the 
supernatant  liquor.  Place  the  tubes  containing  the  residue  in  a 
drying  oven  at  100°  C.  and  dry  for  about  30  minutes,  or  until  no 
odor  of  alcohol  can  be  detected.  These  tubes  containing  the 
dried  residue  may  then  be  covered  and  stored  until  ready  for 
analysis. 

Urine  and  Added  Pectin,  as  Control  on  Method.  Prepare 
a  check  solution  by  diluting  5.0  ml.  of  a  1.0  to  2.0  per  cent  pectin 
solution  with  urine  up  to  200.0  ml.  in  a  volumetric  flask,  and 
treat  2.0-ml.  samples  with  alcohol  as  described  above. 

Blood.  Prepare  a  Folin-Wu  blood  filtrate  by  the  following 
method:  Weigh  2.0  ml.  of  oxalated  blood  (10  mg.  of  potassium 
oxalate  per  5  ml.  of  blood)  accurately  in  a  30-ml.  centrifuge  tube. 
Add  to  this  by  pipet  13.0  ml.  of  distilled  water,  2.0  ml.  of  10 
per  cent  sodium  tungstate  solution,  and  3.0  ml.  of  0.5 A  sulfuric 
acid.  Mix  the  contents  of  the  tubes  well,  allow  the  samples  to  stand 
15  minutes,  then  centrifuge  at  about  1000  r.p.m.  for  30  minutes. 
Remove  the  clear  centrifugate  and  save  for  analyses,  using  2.0  ml. 
for  each  sample,  as  described  below. 

Animal  Tissues.  Analyses  may  be  made  upon  the  organs 
immediately  after  they  have  been  removed  from  the  animal  and 
weighed,  or  the  material  may  be  frozen  with  dry  ice  and  stored 
for  later  use.  In  either  case  it  is  necessary  to  macerate  the  organ 
(or  a  portion  of  it  in  cases  of  large  organs)  in  a  mortar.  Transfer 
as  much  as  possible  from  the  mortar  (not  to  exceed  10  grams  of 
the  larger  organs),  into  a  tared  beaker  and  then  add  about  10 
times  as  much  distilled  water  as  the  weight  of  the  organ  used. 
Stir  this  weighed  mixture  thoroughly  and  transfer  to  a  mixer 
such  as  the  Waring  Blendor  where  it  is  reduced  to  a  homogeneous 
slurry.  Pipet  a  volume  of  this  slurry  equivalent  to  about  0.3 
to  0.5  gram  of  the  original  organ  into  a  30-ml.  centrifuge  tube, 
and  weigh.  Add  distilled  water  to  bring  the  volume  to  15.0 
ml.,  then  add  2.0  ml.  of  10  per  cent  sodium  tungstate  solution 
and  3.0  ml.  of  0.5 N  sulfuric  acid,  mixing  the  contents  of  the  tube 
by  careful  swirling  after  the  addition  of  each  reagent.  Mix  the  con¬ 
tents  of  the  tubes  well  and  allow  the  samples  to  stand  15  minutes. 
Then  centrifuge  at  about  1000  r.p.m.  for  30  minutes.  Remove 
the  clear  centrifugate  and  save  for  analyses,  using  2.0  ml.  for  each 
distillation. 


REAGENTS 


METHOD 


Freshly  prepared  furfural,  vacuum-distilled  at  a  pressure  of 
0  to  30  mm. 

Standard  furfural  stock  solution  prepared  from  the  freshly  dis- 
illed  furfural;  1.000  gram  is  diluted  to  500  ml.  with  distilled 
.ater.  This  stock  solution  may  be  kept  for  several  weeks  in  a 
efrigerator. 

Standard  dilute  solution  of  furfural  for  calibration  of  photo- 
lectric  colorimeter  or  as  a  comparison  solution  with  the  Du- 
>oscq-type  colorimeter.  This  solution  is  made  by  diluting  5.0 
□1.  of  the  stock  to  1000  ml.  with  distilled  water.  This  dilute 


The  sample  for  analysis  should  be  in  a  25  X  150  mm.  Pyrex  test 
tube,  prepared  as  discussed  under  “Preparation  of  Samples”. 

Add  to  the  sample  in  the  test  tube  5.0  ml.  of  85  per  cent  phos¬ 
phoric  acid  and  connect  with  the  condenser  and  the  steam  gen¬ 
erator.  Light  the  microburner  and  raise  the  temperature  rapidly 
to  170°  to  175°  C.  The  temperature  should  be  maintained  at 
this  point  and  never  allowed  to  go  higher  during  the  20-  to  30- 
minute  distillation  period. 

Collect  40  ml.  of  distillate  in  the  50-ml.  graduated  cylinder  used 
as  a  receiver,  and  an  additional  10  ml.  of  distillate  in  a  test  tube 
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previously  marked  at  the  10-ml.  level.  Test  this  last  distillate 
for  the  presence  of  furfural  as  follows:  Mix  2.0  ml.  of  the  distil¬ 
late,  0.25  ml.  of  aniline,  and  2.0  ml.  of  glacial  acetic  acid  in  a  test 
tube.  If  no  color  develops  in  one  minute,  stop  the  distillation  and 
discard  the  final  10  ml.  of  distillate.  If  color  does  appear  in  the 
test  sample,  distill  an  additional  10  ml.  and  test  a  portion  for  fur¬ 
fural  as  above  described.  When  analyzing  blood  or  urine  of  un¬ 
treated  animals,  30  ml.  of  distillate  are  usually  sufficient  to  con¬ 
tain  all  the  furfural. 


Table  1.  Recovery  of  Pectin  Added  to  Rabbit  Urine 

Furfural  Found 

Youngburg 

method 

Present 

Material  Analyzed 

method 

Mg. 

Mg. 

2.0  ml.  of  1.75%  pectin  sol  B-9221 

7.08 

7.08 

48.0  ml.  of  urine  +  2.0  ml.  of  pectin  sol  B-9221 

11.46 

9.22 

48.0  ml.  of  urine  +  2.0  ml.  of  distilled  water 

7.33 

2.08 

Difference,  due  to  added  pectin 

4.13 

7.14 

Recovery  of  added  pectin,  % 

58.3 

100.9 

Table  II.  Furfural  Equivalent  of  1.00  Gram 

of  Pectinum  N.  F.  VII 

(Sample  444-H-3.  Analyses  made  on  water  solution  containing  750  mg.  of 

pectin  per  liter) 

Operator 

Furfural  Found 

Mg./ gram 
444-H-3 

E.F.B. 

201 

G.H.P. 

198 

G.H.P. 

205 

G.H.P. 

200 

Average  value  used 

201 

Combine  and  mix  20.0  ml.  of  the  original  40-ml.  distillate  and 
5.0  ml.  of  each  10-ml.  distillate  showing  a  positive  test  for  fur¬ 
fural.  Place  5.0  ml.  of  this  mixture  (or  5.0  ml.  of  the  original 
40-ml.  distillate  when  the  furfural  test  in  the  next  10  ml.  was 
negative)  in  a  tube  and  mix  with  0.5  ml.  of  aniline  and  4.5  ml.  of 
glacial  acetic  acid,  carefully  measured  with  a  pipet. 

Set  this  mixture  aside  in  the  dark  at  20°  to  25°  C.  for  exactly 
15  minutes,  at  which  time  the  color  intensity  is  determined  with  a 
photoelectric  colorimeter.  This  15-minute  period  has  been  deter¬ 
mined  experimentally  as  giving  the  most  exact  value.  The  col¬ 
orimeter  should  be  calibrated  by  using  the  standard  dilute  fur¬ 
fural  solution  described  above,  spacing  samples  over  the  range 
from  0.001  to  0.050  mg.  of  furfural  per  10  ml.  of  solution  contain¬ 
ing  0.5  ml.  of  aniline,  4.5  ml.  of  glacial  acetic  acid,  and  the  diluted 
standard  furfural  solution. 

When  using  the  Duboscq  type  of  instrument  a  standard  for 
colorimetric  comparison  must  be  prepared  for  each  sample.  This 
is  done  by  mixing  2.0  ml.  of  the  dilute  standard  furfural  solution 
made  that  day,  with  3.0  ml.  of  distilled  water,  0.5  ml.  of  aniline, 
and  4.5  ml.  of  glacial  acetic  acid.  The  tube  containing  this  mix¬ 
ture  and  also  the  one  with  the  unknown  are  set  aside  in  the  dark 
for  exactly  15  minutes,  for  color  development.  The  unknown 
and  the  standard  should  have  about  the  same  color  intensity. 
If  they  do  not,  the  solutions  should  be  remade,  reducing  the 
volume  of  either  the  unknown  or  standard,  adjusting  the  total 
volumes  with  distilled  water  to  keep  them  the  same  as  outlined 
above. 

DISCUSSION 

I 

An  illustration  of  the  accuracy  of  the  present  method  com¬ 
pared  with  that  of  the  original  Youngburg  scheme,  in  the  case  of 
rabbit  urine,  is  given  by  Table  I. 

It  was  found  that  urea  added  to  pectin  sols  decreased  the  re¬ 
covery  of  pectin  by  the  Youngburg  procedure.  Many  analyses, 
as  illustrated  by  Table  I,  show  that  even  though  the  alcohol  pre¬ 
cipitation  scheme  does  remove  some  of  the  naturally  occurring 
aldehyde-producing  substances  of  urine,  it  also  removes  the  urea 
and  thereby  allows  complete  recovery  of  the  added  pectin.  The 
increase  in  furfural  due  to  added  pectin  in  urine  (human  as  well 
as  rabbit),  using  the  alcohol  precipitation  method,  has  always 
been  found  equivalent  to  the  furfural  obtained  from  the  pectin 
when  analyzed  alone. 

When  this  method  is  used  to  follow  pectin  excretion  from  ani¬ 
mals  to  which  pectin  sol  transfusions  have  been  given,  it  is  neces¬ 
sary  to  know  the  furfural  equivalent  for  the  pectin  sol  used  and 
the  normal  furfural  values  for  the  organs  or  fluids  being  examined. 


It  is  desirable  to  know  the  actual  pectin  concentration  of  the  pet 
tin  sol  used  or  else  the  furfural  equivalent  per  gram  of  the  pecti 
used  to  make  the  sol.  The  typical  examples  of  these  data  show 
in  Tables  II  and  III  illustrate  the  ranges  for  these  values  as  we 
as  show  the  precision  and  accuracy  of  the  method. 

The  data  in  Table  III  show  that  100  ml.  of  solution  B-922 
would  be  equivalent  to  355  mg.  of  furfural;  hence  the  solutio 
must  be  355/201  or  1.76  per  cent  pectin.  Pectin  sol  B-9221,  whe 
analyzed  by  a  modified  Lefevre-Tollens  method  (described  b 
Bryant  and  Joseph,  3),  showed  0.2315  gram  of  galacturonic  aci 
per  15.0-ml.  sample.  Pectin  444-H-3  had  previously  been  foun 
by  the  same  method  to  contain  87.6  per  cent  of  galacturonic  acic 
hence  the  15.0-ml.  sample  of  B-9221  contained  100  (0.2315)/15, 
X  0.876  or  1.76  per  cent  of  pectin. 

The  extent  to  which  furfural-producing  substances  occur  i 
rabbit  organs  is  indicated  in  Table  iV,  along  with  analytic! 
values  showing  how  the  present  method  eliminates  interferem 
from  the  various  animal  materials  and  permits  practically  con 
plete  recovery  of  any  added  pectin. 


Table  III.  Furfural  Equivalent  of  1 .00  Ml.  of  Autoclaved  1 .75  Pi 
Cent  Isotonic  Pectin  Sol 


(Sol  B-9221  made  from  Pectin  444-H-3.  Analyses  made  on  dilution  of  5 
ml.  of  B-9221  to  200  ml.  total) 


Operator 

Date 

Furfural 
Mg. /ml. 

G.H.J. 

Sept.  11,  1942 

3.59 

G.H.P. 

Sept.  14,  1942 

3.46 

E.F.B. 

Oct.  5,  1942 

3.54 

G.H.J. 

Oct.  7,  1942 

3.57 

E.F.B. 

May  27,  1943 

3.58 

G.H.J. 

July  21,  1943 

3.54 

E.F.B. 

July  21,  1943 

3.56 

Average  value 

3.55 

Table  IV.  Furfural  Obtained  from  Rabbit  Tissues  and  Recovery  < 
Pectin  Added  to  These  Tissues 

(1.00  ml.  of  pectin  sol  B-9221  added  is  equivalent  to  3.55  mg.  of  furfura 

Table  III) 

Furfural  Obtained 


Tissue  plus 

Furfural 

Original 

1.0  ml.  of 

Due  to 

Recovery 

Sample 

tissue 

pectin  sol 

Added 

of  Added 

Material 

W  eight 

sample 

B-9221 

Pectin 

Pectin 

Grams 

Mg. 

Mg. 

Mg. 

% 

Blood 

1.903 

0.23 

1.539 

3.80 

3.61 

101.7 

Bile 

0.320 

0.29 

0.320 

3.71 

3.42 

96.3 

Bone 

0.500 

0.10 

0.500 

3.62 

3.52 

99.2 

Heart 

0.330 

0.14 

0.330 

3.62 

3.48 

98.0 

Kidney 

0.535 

0.22 

0.535 

3.74 

3.52 

99.2 

Liver* 1 2 3 4 5 6 7 

0.492 

1.95 

0.496 

5.60 

3.65 

102.8 

Spleen 

0.320 

0.14 

0.320 

3.62 

3.48 

98.0 

°  Better  results  are  obtained  when  sample  weight  of  liver  is  about  0.2 
0.3  gram. 
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Studies  on  the  Chemistry  of  the  Fatty  Acids 

Absorption  Spectra  Analysis  of  Conjugation  in  Fatty  Acid 
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A  method  of  determining  the  amount  of  two,  three,  and  four  double 
bond  conjugation  in  the  presence  of  nonconjugated  unsaturated 
fatty  acids  has  been  used  in  the  analysis  of  samples  of  linoleic  acid. 
The  results  indicate  that  the  recrystallization  method  of  purification 
gives  a  product  more  nearly  free  from  conjugation  than  is  obtained 
by  debromination  procedures.  The  conjugation  rearrangement  is 
probably  caused  by  the  zinc  bromide  formed  during  the  debromina¬ 
tion,  and  the  /3  form  of  the  acid  contains  a  comparatively  high  per¬ 
centage  of  conjugated  material. 

SAMPLES  of  linoleic  acid  of  high  purity  have  recently  been 
prepared  by  both  the  classical  method  of  debromination  of 
the  tetrabromide  (5)  and  the  fractional  crystallization  of  the 
free  acid  from  com  oil  (4,  6).  Since  these  samples  were  known 
to  contain  small  amounts  of  conjugated  unsaturated  fatty  acids, 
an  absorption  spectra  study  was  made  to  obtain  a  more  accurate 
estimate  of  the  amount  of  these  impurities.  This  knowledge, 
in  turn,  should  help  to  determine  the  method  of  preparation  that 
will  lead  to  the  purest  product. 

The  purpose  of  this  investigation  has  been  not  only  to  present 
the  data  observed  on  linoleic  acid,  but  also  to  indicate  a  more 
accurate  method  of  analyzing  the  absorption  spectra  of  the 
conjugated  unsaturated  fatty  acids.  Spectroscopic  methods 
have  been  previously  used  to  indicate  the  amount  of  two,  three, 
and  four  double  bond  conjugation  in  samples  of  fatty  acids. 
By  one  of  these  procedures  {12,  15),  the  amount  of  conjugation 
was  indicated  by  comparing  the  values  found  for  the  extinction 
of  a  1%  solution  in  a  1-cm.  cell  )  at  each  of  the  three 

frequencies  characterized  by  the  most  intense  band  in  unsaturated 
acid  samples  containing  two,  three,  and  four  conjugated  ethyl¬ 
ene  groups.  In  another  procedure  (J),  the  highest  value  of 


E\fm  ea°h  the  three  characteristic  frequencies  was  set 
at  100  and  by  direct  proportion  other  values  were  converted 
to  the  same  scale,  thus  giving  per  cent.  In  both  methods, 
however,  the  assumption  has  been  made  that  all  the  absorption 
in  the  portion  of  the  spectrum  characteristic  of  a  given  combina¬ 
tion  of  ethenylene  linkages  was  due  entirely  to  the  arrangement 
of  double  bonds  in  the  mixture  being  analyzed.  Since  the  pure 
conjugated  at^ds  have  absorption  bands  that  overlap,  some 
error  is  introduced  by  the  above  assumption,  and  hence  the 
method  presented  in  this  paper  has  been  prepared  to  correct  for 
this  error. 

EXPERIMENTAL 

All  the  samples  of  linoleic  acid  used  were  prepared  by  Frankel 
and  Brown  {5,  6),  with  the  exception  of  the  first  which  was  pre¬ 
pared  by  Matthews,  Brode,  and  Brown  (11).  The  analytical 
constants  of  the  acids  are  summarized  in  Table  I.  The  form  of 
the  acid,  indicated  as  a  or  /3,  does  not  have  a  structural  signifi¬ 
cance,  but  indicates  whether  the  tetrabromide  used  to  form  the 
acid  was  insoluble  (a),  or  soluble  (/3),  in  petroleum  ether.  In  all 
cases  the  soluble  tetrabromide  used  in  preparing  the  /3-acid  was 
prepared  from  an  a  form  comparable  in  purity  to  that  of  sample  3. 

To  make  the  ultraviolet  absorption  measurements,  a  Bausch 
&  Lomb  medium  quartz  spectrograph,  with  a  modified  Hilger 
spectrophotometer  attached,  was  used  in  conjunction  with  a  hy¬ 
drogen  arc.  The  detailed  procedure  followed  was  similar  to  that 
already  reported  {2). 

Examples  of  absorption  spectra  curves  are  shown  in  the  ac¬ 
companying  illustrations.  Figure  1  shows  the  curve  obtained 
for  the  first  sample  and  indicates  no  resolution  of  the  fine  struc¬ 
ture.  Although  sample  4  (Figure  2)  has  a  smaller  percentage  of 
total  conjugation,  the  bands  caused  by  the  conjugation  of  three 
double  bonds  are  clearly  resolved.  The  reason  for  this  is  obvious 


Table  I.  Analytical  Constants  of  Linoleic  Acid  Samples 


Linoleic  Acid  from 


Sample 

Form  of 
Acid 

Method  of 
Preparation 

Solvent  Used  in 
Debromination 

M.P. 

Iodine 

Value 

Tetrabro¬ 
mide  No. 

Iodine 

value 

Tetrabro¬ 
mide  No. 

Isomerio 

Acid* 

1 

a 

Debromination,  12  re- 

Methyl  alcohol 

°  C. 

-5.2 

181.0 

102.9 

% 

% 

100 

% 

0.0 

2 

a 

crystallizations 

Debromination^ 

(11) 

to 

-5.0 

‘88 

i2 

3 

a 

Debromination 

Methyl  alcohol 

-7.0 

180.9 

90.6 

ioo 

4 

Crystallization 

(4.  6) 

-5.4 

180.8 

100.6 

100 

98 

2 

5 

p 

Debromination 

Methyl  alcohol 

-20.2 

167.8 

52.4 

85 

51 

34 

6 

p 

Debromination 

Pyridine 

-2.0 

173.5 

21.3 

91 

21 

70 

7 

p 

Debromination 

Isopropyl  ether 

-22.2 

166.3 

43.6 

83 

42 

41 

8 

p 

Debromination 

Diethyl  ether 

-21.8 

169.0 

44.6 

87 

43 

44 

9 

p 

Debromination 

Acetic  aoid 

1.0 

89.8 

94 

‘46 

48 

10 

p 

Debromination 

Dioxane 

-22.2 

174.1 

47.7 

°  Based  on  difference  between  %  of  linoleic  found  from  iodine  value  and  tetrabromide  number, 
t  Mixture  of  several  specimens  of  a-acid,  prepared  by  debromination  in  various  solvents  (6) . 
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Table  II.  Observed  for  Linoleic  Acid  Samples 


Number 

of  Conjugated  Ethenylene  Linkages 

4 

4 

4 

3 

3 

3 

2 

Frequency  (/.) 

938 

977 

1028 

1071 

1110 

1160 

1290 

Wave  Number  (cm.-1) 

31,250 

32,550 

34,250 

35,650 

37,000 

38,650 

43,000 

Wave  Length  (mu) 

320 

307 

292 

280 

270 

258 

233 

Sample  1 

0.0725° 

0.835° 

0.872“ 

13.5° 

2 

0.0617 

0.135 

0.316 

0.780 

1.01 

12.7° 

3 

0.960 

1.32 

3.39 

3.72 

3.09 

8.75“ 

4 

0.725 

0.355“ 

2.19 

2.48 

2.16 

3.72“ 

5 

0.417 

3.63° 

10.1 

13.2 

10.2 

14.0 

6 

0.589 

10.1 

13.8 

11.88 

25.2 

7 

0.537 

i.oi° 

3.47° 

18.6 

24.1 

18.4 

37.2 

8 

0.562 

0.891° 

12.9° 

30.2 

37.8 

32.8 

52.2 

9 

0.0725 

0.145 

0.479° 

1.29 

1.66 

39.8 

10 

0.612 

1.00° 

6.17° 

21.8 

25.4 

22.6 

40.7° 

a  Inflection. 


conjugation  of  four  double  bonds.  Sample  2 
gives  a  curve  similar  to  that  shown  in  Figure 
2,  while  all  the  /3  forms  of  the  acid  are  best 
illustrated  by  Figure  4.  The  data  from 
the  ultraviolet  absorption  spectra  are  sum¬ 
marized  in  Table  II. 

METHOD  OF  ANALYSIS 

Since  [E\* at  any  frequency,  v,  is 
directly  proportional  to  the  concentration,  it 
is  possible  to  calculate  the  percentage  of  a 
substance  present  in  a  sample  by  dividing  the 
observed  value  of  p  by  that  of  the 

pure  substance,  provided  the  absorption  is 
caused  entirely  by  one  substance.  If  the  ab¬ 
sorption  is  due  to  more  than  one  substance, 
the  observed  value  of  j  ^  will  be  equal 


when  the  intensities  of  the  maxima  caused  by  two  conjugated  to  the  sum  of  the  individual  contributions  of  each  of  the  corn- 

double  bonds  are  compared  in  the  two  graphs.  Figure  3  is  ponents,  or  in  a  three-component  system: 


included  to  show  the  resolution  of  the  bands  produced  by  the 


333  250  200 


100  [EW]V  =  [*£]*  +  lyM],  +  [zN]v 

where  L,  M,  and  N  are  the  values  of  ]  v  of  each  of  the 

components  in  the  pure  state  at  frequency  v  and  x,  y,  and  z  rep- 


Figure  1.  Absorption  Spectra  of  Linoleic  Acid 
Sample  1  in  95%  ethyl  alcohol 


Figure  2.  Absorption  Spectra  of  Crystallization  Linoleic  Acid, 

Sample  4 
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30,000  4-0,000  50,000  cm.-1 

333  250  200  m /X . 

Figure  3.  Absorption  Spectra  of  Linoleic  Acid,  Sample  3 


esent  the  per  cent  of  each  of  the  substances  in  the  mixture.  The 
values  of  L,  M,  and  N  at  any  selected  frequency  can  be  obtained 
rom  the  absorption  spectra  of  the  pure  substances  and 


tions.  This  is  also  true  of  the  coefficients  of  B  and  C  in  the  third 
equation.  For  instance,  in  the  first  of  these  equations  the  coef¬ 
ficient  of  A  is  only  Viooo  that  of  C,  and  since  the  value  of  A  never 
exceeds  that  of  C  in  any  of  the  samples  studied,  the  term  contain¬ 
ing  A  is  negligible.  In  the  same  way,  it  can  be  shown  that  the 
last  term  in  the  second  equation  and  the  last  two  terms  in  the 
third  contribute  an  insignificant  amount  to  the  values  of  y  and  z, 
respectively.  When  these  terms  are  omitted  the  equations  be¬ 
come: 

x  =  0.0833C  -  0.00706B 
y  =  0.0758 B  -  0.0269A 
z  =  0.0500 A 

Having  obtained  these  equations,  the  percentage  of  each  type 
of  conjugation  is  found  by  substituting  in  the  appropriate  equa¬ 
tion  and  solving  for  x,  y,  or  z. 

Several  samples  of  linoleic  acid  have  been  analyzed  in  this 
manner  and  the  results  are  compared  with  others,  calculated 
as  in  the  earlier  method  (/),  in  Table  IV.  Inasmuch  as  the  per¬ 
centage  difference  in  some  cases  is  small,  it  should  be  noted  that 
it  increases  as  the  ratio  of  the  higher  to  the  lower  types  of  con¬ 
jugation  increases  and  will  become  very  large  if,  for  instance, 
the  amount  of  three  and  four  double  bond  conjugation  is  equal. 

DISCUSSION  OF  RESULTS 

A  comparison  of  Tables  I  and  IV  indicates  some  interesting 
results  concerning  the  best  method  of  purification  of  linoleic 
acid  in  order  to  keep  the  percentage  of  conjugation  at  a  minimum. 
The  fact  that  the  lowest  total  conjugation  is  found  in  sample  4 
is  a  strong  recommendation  for  crystallization  methods  of 
purification  (6>).  It  is  conceivable  that  this  total  might  be  fur¬ 
ther  reduced  by  recrystallization,  which  should  remove  the  three 
and  four  double  bond  portions. 


[•®lcm]»,  x’  y>  anc*  2  remain  to  be  determined.  The  ex¬ 
tinction  value,  ]  v,  must  be  measured  at  three  different 

frequencies  in  order  to  provide  three  equations,  which  can  be 
solved  simultaneously  to  determine  the  per  cent  of  each  of  the 
three  components. 

In  order  to  apply  this  method  to  the  determination  of  the 
imount  of  two,  three,  and  four  conjugated  double  bonds  in 
atty  acids,  it  is  necessary  that  the  absorption  curves  of  the 
jure  material  containing  each  of  these  resonating  systems 
tie  available.  The  data  used  for  these  standards  are  taken  from 
the  literature  and  summarized  in  Table  III. 


Table  III. 

No.  of 
Conjugated 

Ethenylene  Literature 
Linkages  Reference 

2  (8,  10) 

3  (S,  8) 

4  (5,  IS,  14) 

“  Exterpolated. 


on.  Values  of  Standard  Curves 


938/. 

31,250  cm.-' 
320  m fi 


1.0“ 

2000 


1,071  /. 
25,650  cm.'1 

280  mil 

0.1“ 

1320 

700 


1,290/. 
43,000  cm. -1 
233  mii 

1200 

112 

60 


The  simultaneous  equations  may  be  set  up  as  follows: 

l.Oy  +  2000z  =  100 A  =  100B^m  at  938/. 

0.1*  +  1320 y  +  700z  =  100B  =  100Bj^m.  at  1071/. 

1200x  +  112 y  +  60z  =  100C  =  100 E\%m  at  1290/. 

A,  B,  and  C  represent  observed  at  the  respective  fre¬ 

quencies,  and  x,  y,  and  z  represent  the  percentage  of  two,  three, 
and  four  conjugated  double  bonds,  respectively.  On  solution 
of  the  equations  these  results  are  obtained: 

x  =  0.0833 C  -  0.00706B  +  0.00001 A 
y  =  0.0758B  -  0.0268A  -  0.00000623C 
z  =  0.0500A  -  0.0000379B  -  0.0000000031C 


333 


250 


200  mjA  ■ 


The  coefficient  of  A  in  the  equation  for  x  and  of  C  in  the  equa¬ 
tion  for  y  is  small  compared  to  the  other  coefficients  in  the  equa- 


Figure  4.  Absorption  Spectra  of  Linoleic  Acid,  Sample  5 
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Table  IV.  Percentage  Conjugation  in  Linoleic  Acid  Sa 

-Number  of  Conjugated  Ethenylene  Linkages- 


mples 


New  or  old 

Old 

New 

Difference, 

Old 

New 

Differ- 

T<3tal 

conjuga- 

Sample 

method 

method 

method 

% 

method 

method 

enoe,  % 

tion,  % 

1 

0.0034 

0.063 

0.061 

313 

1.1 

1.1 

0.0 

1.2 

2 

0.0031 

0.059 

0.057 

1.7 

1.1 

1.1 

0.0 

1.2 

3 

0.048 

0.26 

0.23 

13 

0.73 

0.70 

4.2 

0.98 

4 

0.0034 

0.17 

0.17 

0.0 

1.31 

0.29 

6.6 

0.46 

5 

0.021 

0.76 

0.75 

1.3 

1.2 

1.1 

9.1 

1.9 

6 

0.030 

0.77 

0.75 

2.7 

2.1 

2.0 

5.0 

2.8 

7 

0.027 

1.41 

1.41 

0.0 

3.1 

3.0 

3.3 

4.4 

8 

0.028 

2.30 

2.30 

0.0 

4.4 

4.1 

7.5 

6.4 

9 

0 . 0034 

0.098 

0.096 

2.1 

3.3 

3.3 

0.0 

3.4 

10 

0.031 

1.6 

1.6 

0.0 

3.4 

3.2 

6.2 

4.8 

A  comparison  of  the  isomeric  acid  factor  (right-hand  column 
in  Table  II)  with  the  total  per  cent  conjugation  of  the  same 
samples  as  shown  in  Table  IV  shows  a  reasonable  agreement  be¬ 
tween  these  two  data  with  regards  to  relative  values  of  the 
a-  and  /3-acid  types,  the  a  values  being  lower  in  all  cases. 

Debromination  methods  of  isolation  not  only  tend  to  con¬ 
jugate  the  unsaturated  bonds  of  linoleic  acid  but  also  produce 
considerable  amounts  of  octadecadienoic  acids  which  do  not 
yield  insoluble  tetrabromides,  as  is  indicated  by  samples  1  and 
4  as  compared  with  samples  5  to  10.  The  fact  that  sample  3 
contains  comparatively  large  amounts  of  the  three  and  four 
conjugation  is  probably  accidental,  since  none  of  the  samples 
of  the  /S-acid  which  have  been  through  two  debrominations  have 
as  high  a  percentage  of  four  double  bond  conjugation.  The 
origin  of  the  conjugation  cannot  be  accredited  to  alkaline  sapon¬ 
ification  ( 1 ,  10,  15),  inasmuch  as  the  crystallization  sample  has 
also  been  through  the  same  treatment  during  the  preparation 
of  the  free  acid  from  the  oil.  A  recent  publication  of  Henne  and 
Turk  (7),  which  reports  the  conjugation  of  diolefins  with  metallic 
halides,  perhaps  affords  the  best  explanation  of  the  cause  of  this 
conjugation,  since  zinc  bromide  is  formed  as  one  of  the  products 
during  the  debromination  and  is  probably  responsible  for  the 
shift  in  the  position  of  the  ethenylene  linkage. 

The  samples  of  /3-acids  are  the  products  of  two  debromina¬ 
tion  treatments  and  as  such  should  have  about  twice  as  much 
conjugation  as  the  a  forms.  However,  the  data  indicate  that 


in  most  cases  the  per  cent  conjugation  if 
much  more  than  twice  that  in  the  a  form 
and  in  one  instance  (sample  8)  the  pei 
cent  of  conjugation  of  the  /3  form  is  fiv< 
times  as  great  as  that  of  the  highest  c 
form.  This  result  is  not  unexpected,  in 
asmuch  as  the  tetrabromide  used  to  fora 
the  /3-acid  is  a  mixture  of  stereoiso 
mers  which  yield,  on  debromination,  geo 
metrically  isomeric  acids  (4,  H)-  It  L 
possible,  then,  that  one  or  more  isomers 
more  readily  conjugated  than  the  a-acid 
are  the  cause  of  the  high  percentage  o 
conjugation  in  the  /3-acids.  The  effect  o 


the  solvent  on  the  isomerization  is  indicated  in  the  results,  ant 
permits  the  listing  of  solvents  in  the  order  in  which  they  givi 
increasing  amounts  of  conjugation — methyl  alcohol,  pyridine 
isopropyl  ether,  dioxane,  and  diethyl  ether.  Acetic  acid  i 
not  listed,  since  it  may  react  with  zinc  during  the  debrominatioi 
and  reduce  some  of  the  ethenylene  linkages. 
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Electrolytic  Determination  of  Copper  in  Steel  and  Cast  Iror 

With  a  Supplementary  Colorimetric  Procedure  for  Certain  Alloy  Steels 


WILLIAM  S.  LEVINE  AND  HENRY  SEAMAN,  1261  Daly  Ave.,  Bethlehem,  Pa. 


Copper  is  determined  electrolytically  in  the  presence  of  ferrous  iron 
with  the  use  of  an  Alundum  thimble  as  a  diaphragm.  The  sample 
is  dissolved  in  dilute  sulfuric  acid  and  the  copper  oxidized  by  ferric 
sulfate  or  nitric  acid.  Satisfactory  results  have  been  obtained  on 
carbon  and  low-alloy  steels  and  cast  irons  by  direct  weighing  of  the 
cathode.  Steels  containing  much  molybdenum,  tungsten,  or  chro¬ 
mium  require  that  the  plating  be  dissolved  and  the  copper  deter¬ 
mined  colorimetrically.  The  simplicity  and  the  time  required  for  a 
determination  compare  favorably  with  existing  methods. 

THE  present  A.S.T.M.  ( 1 )  methods  for  the  determination  of 
copper  in  steel  are  the  electrolytic  or  gravimetric  and  the 
thiosulfate-iodide  volumetric.  Lundell,  Hoffman,  and  Bright 
(4)  describe  the  thiocyanate-iodide  volumetric  and  the  colori¬ 
metric-ammonia  methods  for  determining  copper.  All  these 
methods  require  a  number  of  time-consuming  steps,  and  a  more 
direct  method  of  determining  copper  is  desirable  for  routine  work. 

Frediani  and  Hale  (2)  report  an  electrolytic  method  in  which 
the  copper  is  plated  out  without  separation  of  the  iron.  The 


iron  is  present  as  the  ferric  phosphate  complex  and  a  temperatur 
of  10°  C.  is  required.  Silverman,  Goodman,  and  Walter  ( 8 
describe  another  electrolytic  method  in  which  copper  is  deposit© 
from  a  solution  containing  all  the  iron  in  the  trivalent  statf 
No  agitation  is  employed.  A  voltage  of  6.0  is  used  and  abou 
2  hours  are  required  for  complete  deposition.  Sand  (7)  detei 
mines  copper  in  steel  by  means  of  an  internal  electrolysis  methoc 

In  the  method  reported  here,  the  copper  is  plated  from 
solution  containing  approximately  5  grams  of  ferrous  iron  i 
about  45  minutes.  A  voltage  of  2.1  to  2.2  is  used  with  a  mini 
mum  of  special  equipment. 

SPECIAL  REAGENTS  AND  SOLUTIONS 

Sulfuric  Acid,  4%.  Add  40  cc.  of  concentrated  sulfuric  act 
to  960  cc.  of  water  to  make  approximately  4%  sulfuric  acid. 

Ferric  Sulfate.  Place  100  grams  of  FeofSChh.-rLEO  in 
1-liter  beaker,  add  about  750  cc.  of  water  and  50  cc.  of  concen 
trated  sulfuric  acid,  and  heat  the  mixture  slowly  with  frequen 
stirring  until  the  reagent  has  all  dissolved.  Cool  and  dilute  t 
one  liter. 
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Sodium  Thiocya¬ 
nate  Solution.  Dis¬ 
solve  5  grams  of  so¬ 
dium  thiocyanate  in 
100  cc.  of  water. 
Sodium  Diethyl- 

DITHIOCARBAMATE 

Solution,  0.2%.  Dis¬ 
solve  0.2  gram  of  the 
Reagent  in  100  cc.  of 
water. 

Dilute  Ammonium 
Hydroxide  Solution. 
|Mix  200  cc.  of  concen¬ 
trated  ammonium  hy¬ 
droxide  with  800  cc.  of 
water. 


PROCEDURE  FOR 
CARBON  STEELS  AND 
CAST  IRONS 

Use  a  5-gram  sample 
for  steels  containing 
less  than  0.5%  copper 
and  a  correspondingly 
smaller  weight  for 
those  higher  in  copper. 

Place  the  sample  in  a 
200-cc.  tail-form 
beaker,  add  92  cc.  of 
distilled  water  and  8  cc. 
of  concentrated  sul¬ 
furic  acid,  cover  the 
beaker  with  a  watch 
glass,  and  heat  until 
the  iron  is  dissolved. 

The  insoluble  residue  remaining  contains  most  of  the  copper  in 
the  sample.  Wash  down  any  residue  on  the  sides  of  the  beaker, 
heat  the  solution,  and  when  it  is  boiling  vigorously,  add  5  cc.  of 
the  ferric  sulfate  solution.  Continue  the  vigorous  boiling  for  5 
minutes.  This  treatment  oxidizes  the  undissolved  copper  in  the 
residue  to  divalent  copper.  With  a  glass  tube  of  small  bore, 
transfer  a  small  amount  of  the  solution  to  a  spot  plate,  and  add  a 
drop  of  the  sodium  thiocyanate  solution  to  the  test  sample  on  the 
spot  plate.  If  the  resulting  color  is  a  bright  cherry  red,  the  oxida¬ 
tion  is  complete  and  the  proper  amount  of  excess  ferric  ion  is 
present.  If  the  resulting  color  is  a  pale  pink,  all  the  copper  may 
not  be  oxidized.  In  this  case,  add  3  cc.  more  of  the  ferric  sulfate 
solution,  boil  5  minutes,  and  retest.  For  most  steels,  one  addi¬ 
tion  of  the  ferric  solution  will  be  sufficient.  Filter  the  solution, 
now  containing  all  the  copper  as  the  cupric  ion,  through  a  What¬ 
man  No.  7  paper  into  a  tail-form  200-cc.  beaker,  wash  the  residue 
5  times  with  cold  water,  and  discard  it.  For  routine  work,  the 
residue  need  not  be  filtered  off.  Dilute  the  filtrate  to  150  cc.  with 
distilled  water  and  cool  to  a  temperature  around  15°  to  18°  C. 
in  running  cold  water.  The  sample  is  now  ready  for  electrolysis. 


Figure  1 


The  apparatus  used  for  the  deposition  of  copper  is  shown  in 

Figure  1. 

A  represents  the  200-cc.  electrolytic  beaker  containing  the 
dissolved  sample.  It  is  placed  on  top  of  the  wooden  block,  L. 
The  power  source  is  a  6-volt,  150-ampere  motor  generator,  B. 
The  voltage  can  be  set  to  any  desired  value  by  means  of  a  field 
rheostat.  C  is  the  usual  platinum  gauze  cathode  about  20  mm. 
in  diameter,  which  has  been  accurately  weighed.  The  anode,  D, 
is  a  platinum  wire  about  100  mm.  long  and  1.0  mm.  in  diameter. 
It  passes  through  a  No.  0  rubber  stopper,  F,  and  into  the  Alun- 
dum  thimble,  I  (No.  7338  R.A.  360),  which  serves  as  a  diaphragm. 
The  stopper  is  notched,  G,  to  allow  gases  evolved  at  the  anode  to 
escape.  The  anolyte,  4%  sulfuric  acid,  is  poured  into  the  thimble 
through  the  small  tube,  K.  Compressed  air  to  keep  the  solution 
stirred  enters  through  tube  H. 

The  electrodes  are  connected  to  leads  from  the  motor  genera¬ 
tor.  The  beaker  containing  the  solution  is  placed  under  the  elec¬ 
trodes  and  4%  sulfuric  acid  is  poured  into  the  Alundum  cell 
through  tube  K  until  it  begins  to  overflow  through  notches  G. 
The  overflow  is  caught  in  the  beaker,  which  is  then  raised  until 
the  electrodes  are  immersed  in  the  solution.  The  block,  L,  is 
placed  under  the  beaker.  The  top  of  the  beaker  is  covered  with 
split  watch  glasses,  the  current  turned  on,  and  the  voltage  ad¬ 
justed  to  2.1  to  2.2.  It  is  important  to  keep  the  voltage  as  close 
to  this  value  as  possible  to  obtain  a  bright  deposit.  Air  is  bubbled 
through  the  solution  at  a  rate  which  provides  the  most  vigorous 
stirring  without  the  loss  of  any  electrolyte.  The  current  flowing 


through  the  circuit  is  about  0.1  ampere  at  the  beginning  and 
about  0.02  ampere  when  all  the  copper  is  plated  out. 

The  electrolysis  is  allowed  to  continue  for  about  45  minutes 
before  testing  the  solution  to  see  if  all  the  copper  has  been  de¬ 
posited.  The  test  used  is  a  variation  of  the  usual  sodium  di- 
ethyldithio carbamate  qualitative  test  for  copper  (6).  With  a 
glass  tube  of  small  bore,  a  portion  of  the  solution  is  transferred  to 
a  depression  on  a  spot  plate.  Three  drops  of  concentrated  nitric 
acid  are  added  and  the  mixture  is  stirred  until  the  resulting  black 
color  disappears.  Two  drops  of  concentrated  phosphoric  acid 
and  then  two  drops  of  the  sodium  diethyldithio carbamate _  solu¬ 
tion  are  added.  A  brown  color  disappearing  almost  immediately 
on  stirring  to  give  a  colorless  spot  indicates  that  all  the  copper  has 
been  plated  out.  If  all  the  copper  has  not  been  plated  out,  the 
spot  will  be  yellow  in  color  and  will  fade  after  a  few  minutes.  If 
copper  is  still  present,  the  electrolysis  is  continued  for  another  10 
minutes  and  retested. 

When  all  the  copper  has  been  plated  out,  the  watch  glasses  are 
removed,  the  air  stirring  is  cut  off,  and  while  the  current  is  still 
flowing,  the  block  of  wood  is  removed  from  under  the  beaker. 
Then,  while  the  beaker  is  lowered  slowly,  the  cathode  is  washed 
carefully  and  thoroughly  with  water  from  a  wash  bottle  to  re¬ 
move  iron  salts.  The  cathode  is  disconnected,  swirled  around  in  a 
beaker  of  water  for  about  10  seconds,  dipped  in  a  beaker  of  methyl 
alcohol,  the  excess  alcohol  is  shaken  off  and  the  cathode  dried 
in  a  drying  oven  maintained  at  a  temperature  of  65°  C.  for  5  to 
10  minutes.  When  the  electrode  is  dry,  it  is  cooled  to  room  tem¬ 
perature  and  weighed.  The  weight  of  the  copper  deposit  times 
20  equals  the  per  cent  of  copper  in  the  sample  if  a  5.0-gram  sample 
is  used. 

The  procedure  for  plain  cast  irons  low  in  copper  is  the  same 
as  for  carbon  steels.  As  a  rule,  more  ferric  sulfate  will  be  re¬ 
quired  to  oxidize  the  copper  in  cast  irons  than  in  carbon  steels. 

On  Bureau  of  Standards  samples  115  and  5h,  no  ferric  sulfate 
was  used,  since  it  was  necessary  to  add  about  15  drops  of  nitric 
acid  when  the  sample  was  partially  dissolved  in  order  to  hasten 
solution  and  prevent  the  copper  from  separating  out  in  large 
particles.  The  nitric  acid  added  provided  sufficient  excess  of 
ferric  ion. 

MODIFICATIONS  OF  PROCEDURE  FOR  HIGH-ALLOY  STEELS 

While  the  above  procedure  can  be  used  for  the  majority  of 
alloy  steels,  modifications  have  to  be  made  for  some. 

With  steels  containing  more  than  0.2%  molybdenum,  a  small 
amount  of  a  substance  which  is  probably  a  hydrated  molybdenum 
oxide  (3)  is  deposited  along  with  the  copper.  To  get  accurate 
results  for  such  samples,  the  deposit  is  stripped  with  nitric  acid 
and  the  copper  determined  colorimetrically  as  described  below. 
When  samples  contain  about  7%  or  more  of  molybdenum,  a 
large  quantity  of  the  ferric  sulfate  solution  has  to  be  added  be¬ 
fore  a  sufficient  excess  of  ferric  ion  is  obtained.  Hence,  it  is  better 
to  add  5  drops  of  concentrated  nitric  acid  at  a  time  to  these 
samples  to  oxidize  the  copper.  About  15  to  30  drops  are  usually 
required. 

High-chromium  and  18-8  steels  are  treated  in  the  same  manner 
as  the  plain  carbon  steels,  except  that  when  the  steels  are  well 
decomposed,  5  drops  of  nitric  acid  are  added  to  the  hot  solution 
and  boiling  is  continued  until  the  sample  is  dissolved.  No  ferric 
sulfate  needs  to  be  added  to  oxidize  the  copper  because  the  nitric 
acid  used  is  enough  to  provide  a  sufficient  excess  of  ferric  ions. 
The  electrolysis  is  allowed  to  continue  for  45  minutes  after  a  de¬ 
posit  is  first  noticed.  The  spot  test  cannot  be  used  with  high- 
chromium  steels,  because  of  the  blue  color  of  the  solution. 

Tungsten  steels  are  run  the  same  as  the  high-molybdenum 
steels. 

To  get  accurate  copper  results  for  molybdenum,  high-chro- 
mium,  and  tungsten  steels,  the  electrode  deposit  is  stripped  with 
nitric  acid  and  the  copper  determined  colorimetrically  in  the 
following  manner.  The  deposit  is  stripped  off  the  electrode  in 
the  apparatus  shown  in  Figure  2.  A  is  an  open-top,  cylindrical 
separatory  funnel,  the  tube  being  about  80  mm.  long  with  an 
inside  diameter  of  25  mm.  B  is  an  ordinary  test  tube  of  16-mm. 
outside  diameter  cut  down  to  a  height  of  120  mm.  It  is  partially 
filled  with  water  and  placed  inside  the  separatory  funnel.  The 
electrode,  C,  is  slipped  over  the  test  tube,  and  1  to  1  nitric  acid  is 
poured  into  the  separatory  funnel  until  the  deposit  is  covered  by 
the  acid.  About  13  cc.  of  acid  are  required.  The  acid  is  left  in 
contact  with  the  electrode  for  about  one  minute,  the  electrode 
being  moved  up  and  down  occasionally  to  stir  the  solution.  The 
stopcock  is  opened  and  the  solution  run  into  a  50-cc.  flask.  Into 
the  separatory  funnel  is  poured  an  equivalent  volume  of  1  to  4 
ammonium  hydroxide  which  is  run  into  the  same  flask  after  being 
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in  contact  with  the  electrode  for  a 
minute.  The  electrode  is  washed  a 
second  time  with  dilute  ammonium 
hydroxide.  The  solution  is  neutral¬ 
ized  with  concentrated  ammonium  hy¬ 
droxide  and  5  cc.  are  added  in  excess. 
It  is  cooled,  diluted  to  the  50-cc.  mark, 
and  shaken  well  to  mix. 

A  portion  of  the  solution  is  trans¬ 
ferred  to  the  glass  cell  of  a  Cenco- 
Sheard-Sanford  Photelometer  and  the 
intensity  of  the  color  developed  is 
measured  using  a  red  Coming  filter 
No.  245.  The  corresponding  milli¬ 
grams  of  copper  present  are  obtained 
by  referring  to  a  curve  constructed  by 
plotting  the  per  cent  transmission 
against  the  milligrams  of  copper  pres¬ 
ent  in  a  series  of  synthetic  samples 
containing  known  amounts  of  copper 
as  cupric  nitrate  (5). 


Some  typical  single  results  obtained 
by  this  method  on  Bureau  of  Stand¬ 
ards  samples  are  shown  in  Table  I. 
Duplicate  samples  check  to  within 
0.01%  when  copper  is  below  0.5%. 

DISCUSSION  OF  PROCEDURE  AND 
RESULTS 

The  reaction  involved  in  the  oxida¬ 
tion  of  copper  by  trivalent  iron  is 


Cu  +  2Fe+++  — >■  Cu++  +  2Fe++ 


The  oxidation  is  fairly  rapid,  although  not  instantaneous. 
The  particles  of  copper  must  be  in  a  fine  state  of  subdivision 
in  order  to  get  rapid  and  complete  oxidation.  When  the  steel 
sample  is  dissolved  as  described,  this  condition  is  usually  auto¬ 
matically  met.  The  only  samples  encountered  in  which  the 
copper  particles  were  too  large  to  be  oxidized  by  the  regular 
procedure  were  standard  samples  115  and  5h,  both  high  in 
copper. 


Table  I.  Determination  of  Copper  in  Iron  and  Steel 


Bureau  of 

Copper, 

Copper, 

Standards 

Copper, 

Electro¬ 

Electro¬ 

Sample 

Standard 

lytic-Gravi¬ 

lytic-Colori¬ 

No. 

Value,  % 

metric,  % 

metric,  %° 

Type  of  Steel 

13c 

0.165 

0.16 

0.16 

Carbon  steel 

14c 

0.025 

0.03 

0.03 

Carbon  steel 

19c 

0.161 

0.17 

0.16 

Carbon  steel 

20d 

0.165 

0.16 

0.16 

Carbon  steel 

35a 

0.267 

0.26 

0.26 

Carbon  steel 

65b 

0.20 

0.20 

0.20 

Carbon  steel 

129 

0.166 

0.17 

0.17 

Carbon  steel 

16c 

0.060 

0.06 

0.06 

Carbon  steel 

74 

0.029 

0.04 

0.04 

Cast  Iron 

107 

0.074 

0.08 

0.07 

Cast  iron,  Ni  =  0.807, 
Cr  =  0.455 

107 

0.074 

0.09 

0.08 

Cast  iron,  Ni  =  0.807, 
Cr  =  0.455 

1156 

6.44 

6.40 

6.45 

Cast  iron,  Ni  =  15.89, 
Cr  =  2.17 

115* 

6.44 

6.45 

6.45 

Cast  iron,  Ni  =  15.89, 
Cr  =  2.17 

1156 

6.44 

6.60 

6 . 45 

Cast  iron,  Ni  =  15.89, 
Cr  =  2.17 

lloh 

1.46 

1.41 

Cast  iron 

100 

0.124 

0.13 

0.' 13 

Mn  =  1.38 

33b 

0.114 

0.12 

0.11 

Ni  =  3.48 

73 

0.033 

0.04 

0.04 

Cr  =  13.93 

32b 

0.117 

0.11 

0.11 

Cr  =  0.638,  Ni  =  1.21 

30c 

0.099 

0.11 

0.10 

Cr  =  0.997,  V  =  0.235 

72b 

0.100 

0.11 

0.11« 

Cr  =  0.46,  Mo  =  0.224 

36 

0.110 

0.16 

0.11* 

Cr  =  2.32,  Mo  =  1.01 

111 

0.122 

0.13 

0.13 

Ni  =  1.75,  Mo  =  0.215 

106 

0.142 

0.15 

0.15 

Cr  =  1.29,  Mo  =  0.164, 
A1  =  1.06 

101 A 

0.051 

0.06 

0.05 

Cr  =  18.33,  Ni  =  8.99 

132 

0.15 

0.28 

0.15 

Mo  =  7.1,  W  =  6.3 

Cr  =  4.09,  V  =  1.64 

50a 

0.074 

0.12 

0.07 

Cr  =  3.52,  V  =  0.97, 
W  =  18.25 

“  Values  obtained  by  stripping  electrodes  of  copper  shown  in  adjacent 
column  and  determining  copper  as  described  in  procedure. 
i  0.6-gram  sample  used. 
c  On  replating,  0.10%  oopper  was  obtained. 

*  On  replating,  0.11%  copper  was  obtained. 


Table 

II.  Effect  of  Temperature  on  Copper  Deposit 

Initial 

Final 

Copper  Deposited 
Electrolytic  Electrolytic 

Color  of 

Temp. 

Temp. 

gravimetric 

colorimetric 

Deposit 

°  C. 

°  C. 

% 

% 

12 

20 

0.12 

0.12 

Bright  red 

7 

18 

0.12 

0.11 

Red 

18 

23 

0.12 

0.11 

Red 

18 

22 

0.12 

0.12 

Bright  red 

34 

29 

0.13 

0.12 

Red 

34 

26 

0.13 

0.12 

Red 

78 

37 

0.14 

0.13 

Reddish  black 

74 

36 

0.14 

0.12 

Reddish  black 

Drops  of  nitric  acid  can  also  be  used  to  oxidize  the  copper. 
The  ferrous  ion  is  oxidized  to  ferric  ion  which  in  turn  oxidizes  the 
copper. 

It  is  important  to  keep  the  temperature  low.  When  the  initial 
temperature  of  the  solution  is  high,  the  deposit  will  be  black  in 
color  and  the  result  high.  Table  II  illustrates  the  effect  of  tem¬ 
perature  on  the  deposition  of  copper  from  a  commercial  steel 
containing  0.12%  copper. 

These  results  indicate  that  initial  temperatures  of  7°,  12°,  and 
18°  C.  will  give  good  results.  Ice  was  required  to  attain  tem¬ 
peratures  of  7°  and  12°  C.  Since  the  results  obtained  at  these 
temperatures  were  no  better  than  those  obtained  at  18°  C., 
the  solutions  were  all  cooled  to  18°  C.,  easily  reached  by  partly 
immersing  the  beakers  in  running  tap  water  about  0.5  hour. 

Voltages  from  2.0  to  2.6  were  studied.  All  other  factors  being 
the  same,  the  copper  deposits  become  darker  in  color  as  the 
voltage  is  increased  and  at  2.6  volts  are  black.  However,  the 
accuracy  of  the  method  is  not  appreciably  altered.  The  voltage 
employed  does  not  change  to  any  appreciable  extent  the  time 
required  for  electrolysis.  With  voltages  2.0  and  below,  the 
copper  does  not  plate  out  or  does  so  very  slowly.  Hence,  the 
importance  of  maintaining  a  voltage  of  2.1  to  2.2  is  obvious. 

About  40  to  45  minutes  are  required  to  plate  the  coppei 
from  an  ordinary  carbon  steel  whose  copper  content  is  0.3% 
or  less.  When  the  copper  content  is  higher  than  0.3%,  a  cor¬ 
respondingly  longer  time  is  required.  Ordinarily,  the  deposi¬ 
tion  will  be  noticeable  in  from  1  to  5  minutes,  but  if  too  largf 
an  excess  of  ferric  ion  is  present  at  the  start,  it  will  take  longer 
For  plain  carbon  steels  and  cast  irons,  the  deposit  will  usuallj 
be  a  darkish  red  color.  Some  deposits  will  be  bright  red  ii 
color  while  others  almost  black.  However,  regardless  of  color 
the  results  will  be  satisfactory.  Copper  deposits  from  alloj 
cast  irons  and  molybdenum  steels  will  usually  be  a  dull  black 
Those  from  samples  containing  much  tungsten  or  chromium  wil 
be  black  with  a  bluish  tinge. 

The  principal  sources  of  error  in  this  method  are  incomplete 
oxidation  of  the  copper  by  the  ferric  sulfate  treatment,  dif 
fusion  of  the  copper  ions  into  the  anolyte,  absorption  of  coppe 
ions  by  the  Alundum  cell,  and  copper  remaining  in  the  catholyte 
These  sources  of  error  were  investigated  and  in  only  a  fev 
instances  was  as  much  as  0.1  mg.  of  copper  found  in  any  om 
source. 
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Determination  of  Vitamin  A  and  Carotenoids  in  Butterfat 

Comparison  of  Direct  Spectrophotometry  with  Filter  Photometry 
and  U  se  of  the  Antimony  Trichloride  Reaction 

F.  P.  ZSCHEILE,  H.  A.  NASH,  R.  L.  HENRy,  and  L.  F.  GREEN 
Purdue  University  Agricultural  Experiment  Station,  Lafayette,  Ind. 


THE  data  reported  herein  were  obtained  during  a  comparative 
study  of  methods  for  the  determination  of  vitamin  A  and 
carotenoids  in  butter  by  the  Technical  Committee  on  Vitamin  A 
Researches  in  cooperation  with  the  National  Cooperative  Project 
on  the  vitamin  A  Potency  of  Market  Butters. 

This  committee  consisted  of : 

L.  A.  Maynard,  U.  S.  Nutrition  Laboratory,  Ithaca,  N.  Y., 
chairman 

C.  J.  Koehn,  Alabama  Polytechnic  Institute,  Auburn,  Ala., 
referee 

C.  A.  Cary,  U.  S.  Department  of  Agriculture,  Bureau  of  Dairy 
Industry,  Beltsville,  Md. 

L.  S.  Palmer,  Minnesota  Agricultural  Experiment  Station,  St. 
Paul,  Minn. 

W.  H.  Peterson,  Wisconsin  Agricultural  Experiment  Station, 
Madison,  Wis. 

H.  R.  Guilbert,  California  Agricultural  Experiment  Station, 
Davis,  Calif. 

I.  L.  Hathaway,  University  of  Nebraska,  Dairy  Department, 
Lincoln,  Neb. 

F.  P.  Zscheile,  Purdue  University  Agricultural  Experiment 
Station,  Lafayette,  Ind. 

This  committee  was  established  by  a  committee  of  the  state 
ixperiment  stations,  which  cooperated  with  C.  H.  Bailey  as 
ihairman.  The  general  problem  was  suggested  by  the  Commit¬ 
tee  on  Food  and  Nutrition  of  the  National  Research  Council. 

Six  representative  samples  of  butterfat  from  sweet  cream  were 
prepared  by  the  referee  and  sent  to  the  various  collaborators,  each 
if  whom  analyzed  them  by  a  method  previously  agreed  upon  and 
reported  results  independently  to  the  referee.  In  this  laboratory, 
the  authors  have  investigated  the  possible  use  of  direct  spectro¬ 
photometry  for  this  determination  because  excellent  equipment 
is  available  and  such  a  method  offers  prospects  of  greater  brevity, 
swing  to  fewer  laboratory  manipulations. 

This  paper  compares  the  results  of  the  direct  spectroscopic 
method  and  those  obtained  by  colorimetry.  The  analytical  re¬ 
sults  on  the  butterfat  samples  are  taken  from  the  report  of  the 
referee  (7). 

EXPERIMENTAL 

The  following  directions  for  preparation  of  the  extract  are  es¬ 
sentially  those  given  in  reports  of  the  Technical  Committee  on 
Vitamin  A  Researches  ( 6 ,  7). 

Weigh  a  10-gram  sample  of  filtered  butterfat  (liquid  or  solid) 
or  of  crude  butter  (solid)  into  a  300-ml.  saponification  flask. 
Add  a  mixture  of  5  ml.  of  saturated  aqueous  potassium  hydroxide 
md  20  ml.  of  aldehyde-free  methanol.  Connect  a  reflux  con¬ 
denser  with  a  ground-glass  joint  to  the  flask  and  boil  the  mixture 
an  a  hot  plate  for  10  minutes.  Dilute  immediately  with  40  ml. 
if  distilled  water  and  cool  to  room  temperature  under  the  tap. 

Transfer  to  a  separatory  funnel,  using  50  ml.  of  additional 
water  to  rinse  the  flask.  Add  100  ml.  of  peroxide-free  diethyl 
sther  to  extract  the  nonsaponifiable  fraction.  The  ether  should 
give  a  negative  Jorissen  test  (2).  After  separation  of  the  two 
phases,  extract  the  aqueous  layer  three  more  times,  each  time 
with  a  50-ml.  portion  of  ether.  Combine  the  ether  extracts  and 
wash  with  distilled  water  until  free  of  alkali  (4  to  6  times). 
Reduce  the  volume  of  ether  to  about  80  ml.  on  a  steam  bath,  re¬ 
covering  the  ether  with  a  condenser.  Dry  over  anhydrous  so¬ 
dium  sulfate  and  make  to  volume  of  100  nil.  Place  in  refrigera¬ 
tor  if  spectroscopic  observations  cannot  be  made  at  once. 

Make  spectroscopic  observations  the  same  day  if  possible; 
this  is  especially  desirable  for  the  ultraviolet  readings.  Use  wave 
lengths  3240  and  4370  A.  for  vitamin  A  and  total  carotenoids, 


respectively.  Be  certain  to  employ  for  the  solvent  (In)  cell  ether 
that  came  from  the  same  bottle  as  that  used  for  the  preparation 
of  the  extract.  This  is  important  to  avoid  errors  due  to  absorp¬ 
tion  in  the  ultraviolet  by  solvent  impurities.  Methanol  of  a 
good  grade  must  be  used  and  an  occasional  blank  determination 
is  advisable  to  avoid  spurious  results  due  to  impurities  from  the 
methanol. 


Table  I.  Summary  of  Observations  on  Butterfats  by  Direct 
Spectrophotometry 


Determined  2 — 26—42  to  ^  1000 


3-19-42 

Churning  date 

Sample 

No. 

3260  A. 

—  1  cm. 
4370  A. 

4525  A. 

4675  A. 

10-18-39 

1 

15.8 

20.8 

24.5 

20.7 

1-6-41 

2 

11.0 

8.60 

9.84 

8.50 

7-11-41 

3 

16.8 

26.0 

30.0 

25.7 

10-17-41 

4 

11.7 

17.5 

21.0 

17.8 

11-21-41 

5 

10.5 

13.8 

16.9 

14.0 

12-31-41 

6 

8.71 

7.35 

8.85 

7.38 

Redetermined  (6-10-42) 

1 

3240  A. 

15.2 

20.9 

24.4 

20.8 

2 

10.8 

8.61 

9.80 

8.45 

3 

16.4 

24.7 

28.6 

24.6 

4 

11.7 

17.7 

20.9 

17.6 

5 

10.8 

13.8 

16.3 

13.9 

6 

7.86 

7.30 

8.71 

7.27 

The  spectroscopic  methods  and  instrument  were  those  em¬ 
ployed  earlier  in  a  study  of  the  effect  of  solvent  on  the  spectrum  of 
vitamin  A  (13).  However,  a  sample  of  crystalline  vitamin  A 
alcohol  with  a  still  higher  absorption  value  has  since  been  made 
available  through  the  courtesy  of  J.  G.  Baxter  of  Distillation 
Products,  Inc.  The  same  preparation  for  which  an  extinction 
coefficient  of  1780  at  the  absorption  maximum  of  a  solution  in 
ethanol  was  reported  (3)  had  a  corresponding  E\°^m  value  (13) 
of  1825  at  3240  A.  in  diethyl  ether  solution.  This  value  was 
used  as  the  standard  for  calculation  of  the  vitamin  A  content  of 
butterfat.  The  absorption  curve  for  this  preparation  was  paral¬ 
lel  to  the  curve  for  sample  B-210  (13)  over  the  region  of  maximum 
absorption,  but  the  slope  between  3400  and  3800  A.  was  steeper 
than  that  given  for  the  ether  or  ethanol  solutions  of  sample  B- 
210. 

The  procedure  for  the  antimony  trichloride  method  is  almost 
identical  with  the  above  up  to  the  preparation  of  the  ether  ex¬ 
tract.  It  continues  (6,  7)  with  a  division  of  the  sample  into  two 
parts  for  determination  of  carotenes  and  vitamin  A  separately. 

1.  Carotene  Determination.  Carefully  evaporate  the 
ether  solution  to  dryness,  dissolve  the  residue  in  Skellysolve  B, 
extract  with  aqueous  methanol  or  diacetone  alcohol,  dry  with 
sodium  sulfate,  and  measure  the  transmission  in  the  440  m/i  re¬ 
gion  with  a  photoelectric  filter  photometer. 

2.  Vitamin  A  Determination.  Evaporate  the  other  ali¬ 
quot  of  the  ether  extract  to  dryness,  dissolve  the  residue  in  chloro¬ 
form,  develop  the  color  by  treatment  with  the  antimony  tri¬ 
chloride  reagent  added  under  carefully  controlled  conditions, 
and  determine  the  transmission  in  the  region  of  620  m^  with  the 
same  photoelectric  filter  photometer.  This  transmission  reading 
must  be  corrected  for  the  reaction  of  carotene  with  the  reagent. 

This  method  is  very  similar  to  that  described  in  detail  by  Koehn 
and  Sherman  (8). 

Table  I  presents  the  more  pertinent  numerical  data  obtained 
on  the  simple  ether  extracts  by  direct  spectrophotometry.  De¬ 
terminations  at  3240  and  3260  A.  are  only  slightly  different  but 
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measurement  at  3240  A.  is  preferred  because  the  absorption  maxi¬ 
mum  of  pure  vitamin  A  was  found  at  this  wave  length. 

The  spectra  of  beta-carotene  and  of  neo-beta-carotene,  pre¬ 
pared  by  adsorption  on  alumina  (4)  were  determined  from  3200 
to  5100  A.  in  diethyl  ether  solutions  (14)-  [This  neo-beta-caro¬ 
tene  probably  consists  largely  of  the  isomer  designated  by  Polgdr 
and  Zechmeister  (11)  as  neo-beta-carotene  B.]  Significant 
quantitative  differences  in  both  wave  length  and  intensity  of  ab¬ 
sorption  were  found  between  these  absorption  curves  and  those 
presented  for  the  same  pigments  in  hexane  solution  (4).  The 
curves  for  the  two  pigments  in  ether  solution  are  coincident  at 
4370  A.  (14) hence  this  wave  length  is  best  chosen  for  analysis 
of  total  carotenoids.  The  E\%m  value  at  4370  A.  is  2040. 

A  preliminary  analysis  indicated  an  appreciable  content  of 
carotenols  (ca.  20%)  in  these  butters  (7).  (The  use  of  this  term 
has  been  discussed  previously,  12.)  Further  study  led  to  the 
final  recommendation  of  the  committee  (6)  that  for  carotene 
determination  the  residue  from  evaporation  of  the  ether  extract 
be  dissolved  in  Skellysolve  B  and  extracted  with  either  92% 
aqueous  methanol  or  94%  aqueous  diacetone  alcohol  to  remove 
the  carotenol  fraction.  The  use  of  diacetone  alcohol  was  recom¬ 
mended  for  butters  produced  from  cows  fed  acid  or  molasses 
silage,  in  which  cases  considerably  more  pigment  than  otherwise 
is  produced  that  is  not  beta-carotene.  These  pigments  are  re¬ 
moved  with  the  carotenols  more  effectively  by  diacetone  alcohol 
than  by  methanol  (5). 

In  this  laboratory  a  comparative  study  was  made  between  the 
use  of  methanol  and  the  use  of  diacetone  alcohol  on  these  six 
butterfats.  The  ether  extract  was  evaporated  almost  to  dryness 
on  the  steam  bath  and  the  residue  was  dissolved  in  100  ml.  of 
hexane  and  divided  into  two  aliquots  of  50  ml.  each.  Each  ali¬ 
quot  was  extracted  four  times  with  25-ml.  portions  of  hypophasic 
solvent  to  remove  the  carotenols.  The  hexane  solution  was  then 
analyzed  spectrophotometrically  at  wave  lengths  4360,  4780,  and 
4850  A.  for  beta-carotene  and  neo-beta-carotene  (4).  The  re¬ 
sults  at  4360  A.  indicated  that  the  diacetone  alcohol  procedure 
caused  the  removal  of  6  to  9%  more  carotenoid  in  the  carotenol 
fraction  than  did  the  use  of  methanol.  The  carotenol  content 
by  the  methanol  method  varied  from  15  to  28%  of  the  total 
carotenoids.  The  carotenol  contents  are  much  higher  than  any 
discussed  recently  by  Morton  (9). 

Characteristic  curves  (log  log  1 0/Z  vs.  wave  length)  of  the  caro¬ 
tene  fraction  in  hexane  agreed  much  better  with  those  of  assumed 
beta-carotene-neo-beta-carotene  mixtures  than  did  those  of  the 
total  carotenoids  in  ether  solution.  Agreement  was  not  com¬ 
plete,  however;  this  is  reflected  in  the  lack  of  agreement  (in  most 
samples)  between  analytical  re¬ 
sults  for  neo-beta-carotene  at 
the  two  wave  lengths  4780  and 
4850  A.  (differences  of  0.6  to 
7.0%).  Values  ranged  from 
70  to  86%  neo-beta-carotene. 

The  content  of  this  isomer 
may  well  have  been  increased 
by  the  hot  saponification  pro¬ 
cedure  and  other  isomers  may 
have  been  formed  (11).  When 
the  hexane  solution  of  the 
carotene  fraction  was  chro¬ 
matographed  on  alumina  and 
developed  with  20%  ether-80  % 
hexane,  a  zone  was  found 
which  contained  a  pigment 
with  a  spectrum  resembling 
that  of  neo-beta-carotene  but 
with  increased  absorption  in 
the  region  below  4300  A. 


COMPARISON  OF  CAROTENOID  CONTENTS 

Table  II  presents  the  analyses  for  total  carotenoids  (7)  as  deter¬ 
mined  on  the  same  butterfats  at  seven  laboratories,  with  the 
respective  deviations  from  the  mean  for  each  sample. 

It  is  evident  that  from  any  practical  point  of-  view  the  mean 
absorption  deviations  of  all  collaborators  were  comparatively 
small.  From  the  total  of  42  determinations,  only  5  deviated 
from  their  corresponding  means  by  more  than  7  %,  the  maximum 
deviation  being  13.3%.  The  deviations  from  certain  laboratories 
are  all  or  nearly  all  either  positive  or  negative.  This  may  be  due 
to  the  use  of  carotene  standards  of  slightly  different  degrees  of 
purity,  since  each  laboratory  provided  its  own  standard.  In  gen¬ 
eral,  agreement  among  the  various  laboratories  is  very  satisfac¬ 
tory  when  the  difference  in  standards  is  considered.  The  results 
from  this  laboratory  have  both  the  smallest  mean  absolute  de¬ 
viation  and  the  smallest  maximum  deviation,  each  approximately 
one  third  the  magnitude  of  the  over-all  mean  absolute  deviations. 

COMPARISON  OF  VITAMIN  A  CONTENTS 

Table  III  presents  the  vitamin  A  contents  of  the  same  butter- 
fat  samples  as  reported  by  four  collaborators  (7),  all  of  whom 
employed  crystalline  vitamin  A  alcohol  as  reference  standards  and 
reported  in  terms  of  weight  units.  These  results  are  in  much 
better  agreement  among  themselves  than  those  from  four  collabo¬ 
rators  who  used  U.S.P.  reference  cod  liver  oil  as  a  standard  (5) 
and  reported  results  in  International  Units  of  Vitamin  A. 
These  latter  results  will  not  be  considered  here. 

Since  the  results  from  this  laboratory  were  the  only  ones  ob¬ 
tained  by  direct  spectrophotometry,  they  are  compared  with  the 
means  of  the  results  obtained  at  the  other  three  laboratories. 
Corresponding  deviations  are  given.  The  uncorrected  results 
from  Purdue  were  calculated  from  the  total  absorption  observed 
at  3260  A.  (E\<^‘m  for  vitamin  A  in  ether  =  1825)  on  the  ether  ex¬ 
tract.  Because  the  characteristic  curve  of  the  extract  did  not 
agree  well  with  that  of  pure  vitamin  A  alcohol,  a  correction  is 
necessary  for  absorption  due  to  carotenoids  (14),  and  other  con¬ 
taminants  of  unknown  nature.  The  ratios  of  the  uncorrectec 
values  to  the  corresponding  means  from  the  other  three  labora¬ 
tories  were  fairly  constant  (±4%).  As  a  mean  value,  a  correc¬ 
tion  factor  of  0.78  (=1 k)  was  then  applied  to  the  uncorrectec 

values  (Table  III)  for  miscellaneous  absorption  of  substance: 
other  than  vitamin  A. 

Among  the  18  results  from  the  collaborators  using  the  color! 
metric  method,  deviations  from  the  mean  are  8.15%  or  less,  witl 


Table  II.  Contents  of  Total  Carotenoids  and  Deviations  from  Mean 


-Total  Carotenoids,  Micrograms  per  Gram  of  Butterfat 


Sample  No. 

1 

2 

3 

4 

5 

6 

Purdue® 

10.2 

4.21 

12.7 

8.56 

6.77 

3.60 

Minnesota 

10.50 

4.14 

12.96 

8.92 

7.22 

3.65 

Wisconsin  California  U.S.D.A.® 

9.95  10.65  9.74 

4.02  4.3C  3.75 

12.15  12.81  11.68 

8.45  7.37  8.50 

6.65  6.26  7.00 

3.66  3.55  3.33 

Ithaca 

10.3 

4.2 

12.2 

8.7 

6.4 

3.6 

Alabama 

10.46 

4.34 

12.67 

9.00 

7.00 

4.05 

Mean 

10.25 

4.13 

12.45 

8.50 

6.76 

3.64 

Mean 

Absolute 

Deviatio 

% 

% 

% 

% 

% 

% 

% 

% 

1 

-0.49 

+  2.44 

-2.93 

+3.90 

-4.97 

+  0.49 

+2.05 

2.47 

2 

+  1.93 

+0.24 

-2.67 

+4.12 

-9.20 

+  1.70 

+  5.09 

3.56 

3 

+2.00 

+4.09 

-2.41 

+2.89 

-6.18 

-2.01 

+  1.77 

3.05 

4 

+0.70 

+4.94 

-0.59 

-13.3 

0.00 

+  2.36 

+  5.89 

3.97 

5 

+0.15 

+  6.80 

-1.63 

-7.40 

+  3.55 

-5.33 

+  3.55 

4.06 

6 

-1.10 

+0.27 

+  0.55 

-2.48 

-8.52 

-1.10 

+  11.3 

3.62 

Mean  absolute 

deviation 

1.06 

3.13 

1.80 

5.68 

5.40 

2.16 

4.95 

3.46 

Maximum 

deviation 

+2.00 

+6.80 

-2.93 

-13.3 

-9.20 

-5.33 

+  11.3 

7.25 

0  Determinations  with  photoelectric  spectrophotometer.  All  others  with  photoelectrio  filter  photometer 
Values  from  U.S.D.A.  revised  (by  private  communication)  from  those  reported  earlier  (7),  following  discovery  of 
systematic  error  in  earlier  results. 
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Table  III.  Vitamin  A  Contents  by  Colorimetric  Method  and  Deviations  from  Mean 


(Comparison  with  direct  spectrophotometry) 


Sample  No. 

Minnesota 

- Vitamin  A,  Micrograms  per  Gram  of  Butterfat - 

Purdue® 

Wisconsin  Alabama  Mean  Unoorrected  Corrected 

Ratio 

(Uncorrected 
to  Average) 

1 

6.23 

6.81 

6.56 

6.53 

8.65 

6.75 

1.33 

2 

4.54 

4.92 

5.03 

4.83 

6.03 

4.70 

1.25 

3 

6.78 

6.94 

7.61 

7.11 

9.21 

7.18 

1.29 

4 

4.85 

4.88 

5.00 

4.92 

6.42 

5.01 

1.30 

5 

4.56 

4.63 

4.77 

4.66 

6.76 

4.50 

1.24 

6 

3.38 

3.70 

3.94 

3.68 

4.77 

3.72 

1.29 

1 

. - Deviations  from  Mean - , 

%  %  % 
-4.60  +4.29  +0.46 

Mean 

Absolute 

Deviation 

% 

3.12 

Deviation 

from 

Mean 

% 

+3.37 

Mean  1 . 28 

2 

-6.00 

+  1.86 

+4.14 

4.00 

.  .  .  ,  ‘ 

-2.77 

3 

-4.64 

-2.39 

+7.02 

4.68 

+  0.98 

4 

-1.42 

-0.81 

+  1.62 

1.28 

+  1.83 

5 

-2.15 

-0.64 

+  2.36 

1.72 

-3.43 

6 

-8.15 

+0.54 

+7.06 

5.25 

.... 

+  1.08 

Mean  absolute 

deviation 

4.49 

1.76 

3.77 

3.34 

2.24 

Maximum 

deviation 

-8.15 

+4.29 

+7.06 

5.25 

...» 

3.43 

°  Determinations  based  on  direct  photoelectric  spectrophotometry  at  3260  A.  with  standard  i?5  value  of 

1825.  All  others  based  on  oolorimetrio  reading  with  photoelectric  filter  photometer.  Crystalline  vitamin  A 
alcohol  used  as  standard  in  all  cases. 


diacetone  alcohol.  The  caro¬ 
tenes  may  be  accurately  esti¬ 
mated  in  the  resulting  hexane 
solution,  but  part  or  all  of  the 
vitamin  A  is  extracted  by  the 
hypophase.  Therefore,  an  at¬ 
tempt  was  made  to  determine 
the  dyes  independently  and  to 
estimate  the  vitamin  A  con¬ 
centration  after  application  of 
corrections  for  absorption  by 
the  dyes  to  the  total  absorp¬ 
tion  in  the  original  ether  solu¬ 
tion  at  3240  A.  This  attempt 
was  based  on  recovery  of  the 
dyes  from  the  carotenol  frac¬ 
tion.  Efforts  to  separate  the 
dyes  from  the  carotenols  by 
solvent  extraction  were  un¬ 
successful.  Application  of  the 
extraction  procedure  with  sul¬ 
furic  acid,  as  outlined  by  the 


an  over-all  mean  absolute  deviation  of  3.34%.  The  corrected  re¬ 
sults  from  direct  spectrophotometry  have  mean  absolute  and 
maximum  deviations  two  thirds  as  great  as  the  over-all  averages, 
i  Unsuccessful  attempts  were  made  to  improve  the  agreement  by 
correction  for  the  amounts  of  carotenoids  present.  Probably  no 
better  agreement  could  be  expected,  nor  would  it  be  of  significant 
i  practical  value  in  butter  studies. 


___________________  Association  of  Official  Agri¬ 
cultural  Chemists  (1)  proved 
fruitless,  since  it  was  not  pos¬ 
sible  to  recover  the  dyes  quantitatively  from  the  acid  solution 
because  of  decomposition  of  the  dye.  Variation  of  the  strength 
of  acid  used  and  substitution  of  hydrochloric  acid  led  to  no 
better  results. 

Since  the  presence  of  these  azo  dyes  does  not  interfere  seriously, 
the  antimony  trichloride  reaction  (6)  is  the  preferred  physico¬ 
chemical  method  available  for  butters  containing  such  dyes. 


INFLUENCE  OF  AZO  DYES 

Since  methods  agreed  upon  by  the  Technical  Subcommittee  on 
Vitamin  A  Researches  (6)  were  to  be  applied  to  a  survey  of  com¬ 
mercial  butters,  it  was  necessary  to  investigate  the  possible  ef¬ 
fects  of  artificial  coloring  materials  upon  the  analytical  results. 
The  three  substances  most  commonly  employed  for  this  purpose 
are  annatto  and  the  azo  dyes  certified  as  F.  D.  and  C  Yellow  Nos. 
3  and  4. 

Annatto  is  easily  eliminated  from  the  original  ether  extract, 
since  it  is  contained  in  the  aqueous  methanol  phase  {10).  The 
two  closely  related  azo  dyes  are  not  so  removed  but  do  not  inter¬ 
fere  with  the  colorimetric  method  involving  the  antimony  tri¬ 
chloride  reaction  {6).  With  the  method  of  direct  spectropho¬ 
tometry,  the  situation  is  very  different  {10). 

These  azo  dyes  have  almost  identical  absorption  spectra,  with 
two  broad  maxima  in  the  region  measured  (3100  to  9400  A.). 
These  occur  at  3450  and  4450  A.  with  a  minimum  at  3800  A. 
Absorption  is  not  reduced  to  10%  of  its  maximum  value  until 
5200  A.  toward  the  red.  On  the  specific  basis,  these  curves  are 
considerably  lower  than  those  of  either  vitamin  A  or  beta-caro¬ 
tene.  On  the  molecular  basis,  the  ratio  of  the  maximum  absorp¬ 
tion  coefficients  of  beta-carotene  to  those  of  the  dyes  is  approxi¬ 
mately  9  to  1. 

The  absorption  curves  of  the  azo  dyes  differ  sufficiently  in  shape 
from  those  of  beta-carotene  and  of  total  carotenoids  from  many 
butters  to  permit  analysis  for  the  dye  content  by  application  of 
simultaneous  equations  to  the  absorption  data,  if  a  standard  curve 
could  be  used  to  represent  the  carotenoid  fraction.  This  tech¬ 
nique  is,  however,  of  very  limited  application,  because  the  charac¬ 
teristic  curves  of  the  carotenoids  of  butters  from  silage-fed  cows 
cannot  be  interpreted  from  spectroscopic  data  available  at  the 
present  time  and  absorption  properties  may  change  during 
storage  of  butters  {14). 

The  azo  dyes  are  quantitatively  removed  in  the  carotenol 
fraction  by  the  extraction  procedure  with  aqueous  methanol  or 
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Quantitative  Determination  of  Nicotine  and  Nornicotine 

in  Mixtures 

P.  S.  LARSON  AND  H.  B.  HAAG,  Department  of  Pharmacology,  Medical  College  of  Virginia,  Richmond,  Va. 


A  method  for  the  determination  of  nicotine  and  nornicotine  in  mix¬ 
tures  is  based  on  the  differences  in  the  colors  produced  by  these 
substances  when  reacted  with  cyanogen  bromide.  Typical  results  of 
application  of  this  procedure  to  tobacco  analysis  are  given. 


IN  RECENT  years,  Markwood  (11)  has  called  attention  to 
the  fact  that  certain  strains  of  Nicotiana  tabacum  may  contain 
relatively  large  amounts  of  nornicotine.  Although  such  “high- 
nornicotine”  strains  probably  constitute  only  a  small  minority  of 
those  generally  used  by  man,  it  seems  safe  to  assume  that  virtu¬ 
ally  all  tobacco  contains  some  nornicotine. 

The  generally  used  silicotungstic  acid  method  for  the  deter¬ 
mination  of  nicotine  (1)  fails  to  distinguish  between  nicotine  and 
nornicotine,  and  an  incomplete  and  variable  portion  (ca.  25  to 
40%)  of  the  nornicotine  present  in  tobacco  will  appear  in  the 
nicotine  analysis  as  apparent  nicotine.  Since  the  toxic  and  other 
pharmacologic  properties  of  nornicotine  differ  considerably  from 
those  of  nicotine,  and  since  its  per  cent  transfer  from  tobacco 
to  smoke  differs  markedly  from  that  of  nicotine,  this  situation 
contributes  to  the  difficulty  of  evaluating  the  potential  effects  of 
tobacco  on  the  smoker.  Accordingly,  methods  for  the  routine 
determination  of  nornicotine  as  well  as  more  accurate  methods 
for  the  determination  of  nicotine  are  desirable. 

Within  recent  months,  Markwood  (10)  and  Bowen  and  Bar- 
thel  (4)  have  proposed  methods  for  the  chemical  separation  and 
determination  of  nicotine  and  nornicotine  which  eliminate  the 
possibility  of  including  nornicotine  in  the  nicotine  analysis  as 
apparent  nicotine.  Both  methods  divide  nicotine  and  its  re¬ 
lated  steam-volatile  alkaloids  into  two  groups,  the  division  being 
based  on  whether  or  not  the  nitrogen  of  the  group  substituted 
in  the  pyridine  ring  will  react  with  nitrous  acid  to  form  a  nitroso 
compound.  Since  nicotine  belongs  to  one  group  and  nornicotine 
to  the  other,  this  effectively  segregates  the  two  for  analytical 
purposes.  While  the  specificity  of  this  procedure  does  not  go 
beyond  this,  since  nicotine  and  nornicotine  are  seemingly  the 
two  chief  alkaloids  of  tobacco,  it  represents  a  distinct  advance  in 
tobacco  analysis. 

During  investigations  on  the  fate  of  nicotine  (7)  and  nornicotine 
(8)  in  the  animal  organism,  the  authors  noted  that  when  cyano¬ 
gen  bromide  was  added  to  dilute  solutions  of  nicotine  a  pale 
yellowish  green  color  developed,  and  that  when  cyanogen  bromide 
was  added  to  solutions  of  nornicotine,  under  certain  conditions,  a 
red  color  developed.  The  cyanogen  bromide  reaction  with  nicotine 
was  utilized  by  Barta  and  Marschek  (2)  and  Markwood  (9)  for 
the  determination  of  nicotine,  but  they  employed  in  addition  an 
alcoholic  solution  of  /3-naphthylamine  which  converts  the  yellow¬ 
ish  green  of.  the  nicotine-cyanogen  bromide  reaction  to  a  pink 
or  red  color.  This  destroys  the  usefulness  of  the  reaction  for 
distinguishing  between  nicotine  and  nornicotine.  In  the  present 
study,  the  authors  have  examined  the  conditions  involved  in 
the  formation  of  color  by  nicotine  and  nornicotine  when  reacted 
with  cyanogen  bromide,  and  have  formulated  a  method  for  quan¬ 
titatively  determining  these  substances  in  mixtures  without 
preliminary  separation. 

METHOD 

Reagents.  Sodium  chloride,  10  M  sodium  hydroxide,  0.2  N 
sulfuric  acid,  0.2  N  potassium  hydroxide,  and  1.67  M  potassium 
dihydrogen  phosphate,  prepared  fresh  for  each  day’s  analyses. 

Sodium  cyanide,  2  M,  0.2  M,  and  0.02  M  prepared  fresh  for  each 
day’s  analyses. 


Cyanogen  bromide  reagent,  prepared  for  each  day’s  analyses 
by  titrating  25  ml.  of  cold  saturated  bromine  with  2  M  sodium 
cyanide  to  almost  disappearance  of  color  and  then  titrating  to 
complete  disappearance  of  color  with  0.2  M  sodium  cyanide, 
avoiding  an  excess.  The  solution  is  brought  to  room  temperature 
and,  with  the  aid  of  a  glass  titration  electrode,  adjusted  to  pH 
7.0  with  0.02  M  sodium  cyanide,  and  then  to  pH  4.1  to  4.2  with 
0.2  N  sulfuric  acid. 

Nicotine  standard  containing  about  20  micrograms  per  ml., 
adjusted  to  pH  4.1  to  4.2  with  0.2  N  sulfuric  acid. 

Nornicotine  standard  containing  about  60  micrograms  per 
ml.,  adjusted  to  pH  4.1  to  4.2  with  0.2  N  sulfuric  acid. 

Preparation  of  Tobacco  Distillate.  A  0.5-  to  2. 0-gram 
sample  of  finely  ground  tobacco  is  placed  in  a  300-ml.  Kjeldahl 
flask,  10  grams  of  sodium  chloride  (4),  10  ml.  of  10  M  sodium 
hydroxide,  and  a  little  paraffin  are  added,  and  the  mixture  is 
steam-distilled  to  a  distillate  volume  of  about  800  ml.  in  60 
minutes.  (Three  milliliters  of  0.2  N  sulfuric  acid  plus  enough 
distilled  water  to  cover  the  condenser  opening  are  added  to  the 
receiving  flask  prior  to  distillation  and  the  fluid  volume  in  the 
Kjeldahl  during  distillation  is  maintained  at  50  to  75  ml.)  The 
distillate  is  then  adjusted  to  pH  4.1  to  4.2  with  0.2  N  sulfuric  acid 
or  potassium  hydroxide  and  the  volume  made  up  to  1  liter. 

Since  completion  of  the  data  presented  here  the  authors  have 
adopted  the  distillation  technique  described  by  Bowen  and 
Barthel  (3).  In  addition  to  saving  time,  since  the  method 
described  below  is  capable  of  measuring  very  small  quantities  of 
nicotine  and  nornicotine,  this  distillation  is  preferable  when  little 
material  is  available. 

Color  Development.  Two  aliquots  of  6  ml.  or  less  of  the 
tobacco  distillate  (the  volume  used  should  by  prediction  contain 
not  more  than  80  micrograms  of  nicotine  and  150  micrograms  of 
nornicotine)  are  pipetted  into  20  X  150  mm.  test  tubes  and  the 
total  volume  in  each  tube  is  brought  to  6  ml.  with  distilled  water 
To  each  tube  are  added  2  ml.  of  1.67  M  potassium  dihydrogen 
phosphate. 

The  tubes  are  then  treated  individually  as  follows:  A  tube 
is  placed  in  an  80°  C.  water  bath  for  exactly  5  minutes.  It  is 
then  removed,  2  ml.  of  cyanogen  bromide  reagent  are  added, 
mixed  by  agitation,  and  the  tube  is  returned  to  the  water  bath 
(this  step  is  completed  in  exactly  15  seconds).  The  tube  is  al¬ 
lowed  to  remain  in  the  water  bath  for  2  minutes  and  45  seconds 
and  is  then  removed  and  quickly  placed  in  an  ice-water  bath  for 


86 


Figure  1.  Interference  of  Nornicotine  in  Determination  of 
Nicotine  by  Cyanogen  Bromide  Method 
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1  minute.  The  contents  are  transferred  to  a  spectrophotometer 
(the  authors  have  used  the  Coleman  10S  model  with  a  30- 
millimicron  slit)  cuvette  and  the  intensity  of  the  color  developed 
by  nomicotine  is  read  at  540  millimicrons  and  that  developed  by 
nicotine  at  375  millimicrons.  This  operation  should  be  com¬ 
pleted  within  4  minutes  following  removal  of  the  tube  from  the 
ice-water  bath,  during  which  time  the  next  tube  can  be  com¬ 
pleting  the  5-minute  preheating  period. 

Since  tobacco  distillates  are  often  slightly  colored,  it  is  well 
prior  to  the  color  determination  to  balance  the  spectrophotom¬ 
eter  to  100%  transmission  against  a  solution  containing  a  vol¬ 
ume  of  distillate  equal  to  that  used  for  color  development  diluted 
to  10  ml.  with  distilled  water. 

The  nicotine  and  nornicotine  values  corresponding  to  the  color 
intensities  determined  are  found  by  consulting  calibration  curves 
for  nicotine  and  nornicotine  prepared  from  standard  solutions  as 
described  below,  and  the  remaining  calculations  completed. 

Preparation  of  Calibration  Curves.  Aliquots  of  the  nico¬ 
tine  standard  (1-,  3-,  and  5-ml.)  are  treated  as  above  for  color 
development,  intensities  being  read  at  375  millimicrons.  One 
tube  containing  6  ml.  of  distilled  water  plus  the  phosphate  solu¬ 
tion  is  similarly  treated  to  provide  a  blank  on  the  cyanogen 
bromide  reagent.  The  nicotine  calibration  curve  is  then  pre¬ 
pared  by  plotting  the  data  so  obtained  on  semilog  paper,  per  cent 
transmittance  being  plotted  on  the  logarithmic  axis.  A  straight- 
line  curve  will  result. 

Color  is  similarly  developed  for  1-,  3-,  and  5-ml.  aliquots  of 
the  nornicotine  standard  and  intensities  are  read  at  540  and  375 
millimicrons.  The  cyanogen  bromide  reagent  gives  no  blank 
at  this  wave  length.  The  calibration  curve  for  nornicotine  is 
then  prepared  in  the  manner  described  above  for  nicotine,  using 
the  data  obtained  at  540  millimicrons.  Again  a  straight-line 
curve  will  result. 

The  color  developed  by  nornicotine  in  this  reaction  follows 
Beer’s  law  in  the  presence  of  the  nicotine  color.  Accordingly, 
the  values  obtained  from  the  nornicotine  calibration  curve  for 
the  nornicotine  contents  of  tobacco  are  true.  However,  the 
color  developed  by  nornicotine  has  an  additive  effect  on  the 
intensity  of  the  nicotine  color  (Figure  2,  D).  To  determine  the 
degree,  the  spectrophotometer  readings  obtained  with  the 
nornicotine  standard  at  375  millimicrons  are  converted  to  micro¬ 
grams  of  apparent  nicotine  by  use  of  the  nicotine  calibration 
curve.  By  plotting  graphically  the  nornicotine  values  versus 
their  apparent  nicotine  equivalent  a  straight-line  relationship 
should  be  obtained  (see  Figure  1).  Since  the  true  amount  of 
nornicotine  in  mixtures  of  nornicotine  and  nicotine  can  be  ob¬ 
tained  directly  by  consulting  the  nornicotine  calibration  curve, 
it  becomes  possible  to  evaluate  the  true  nicotine  content  of  the 
mixture  by  subtracting  from  the  apparent  nicotine  content 
the  amount  due  to  nornicotine. 

These  calibration  curves  need  not  be  redetermined  for  each 
day’s  analyses;  however,  it  is  advisable  to  check  them  with 
standard  solutions  of  nicotine  and  nornicotine  whenever  a  new 
source  of  bromine  water,  sodium  cyanide,  or  potassium  dihydro¬ 
gen  phosphate  is  used. 

FACTORS  INFLUENCING  COLORS  DEVELOPED 

Inorganic  Salts.  Figure  2,  A,  shows  the  transmittance 
curve  of  the  color  produced  by  reacting  nicotine,  in  water  solu¬ 
tion  brought  to  pH  4.1  with  sulfuric  acid,  with  cyanogen  bro¬ 
mide.  Minimum  transmittance  occurs  at  385  millimicrons. 
Inorganic  salts  markedly  influence  the  rate  of  development, 
intensity,  and  stability  of  the  color  developed  in  this  reaction 
(Figure  3).  Thus  sodium  bicarbonate  accelerates  the  rate  of 
development  of  the  color  and  increases  its  maximum  intensity. 
All  the  other  salts  studied  tended  to  slow  the  rate  of  development 
of  color,  to  increase  its  stability,  and,  depending  on  the  individual 
salt  and  the  amount  used,  to  increase  or  decrease  the  maximum 
intensity  of  the  color  developed.  When  0.40  gram  of  potassium 
dihydrogen  phosphate  is  added  to  the  nicotine-cyanogen  bro¬ 
mide  reaction  mixture  the  minimum  for  the  color  developed  is 
shifted  to  375  millimicrons  (Figure  2,  B) . 

Figure  2,  C,  shows  the  transmittance  curve  of  the  color  pro¬ 
duced  by  reacting  nornicotine,  in  water  solution  brought  to 
pH  4.1  with  sulfuric  acid,  with  cyanogen  bromide.  Minimum 


transmittance  occurs  at  390  millimicrons.  Presence  of  inorganic 
salts  can  profoundly  affect  the  color  developed  in  this  reaction. 
Phosphate  ion,  ammonium  ion,  or  molybdate  ion,  for  example, 
completely  alters  the  transmittance  curve  of  the  color  pro¬ 
duced,  creating  a  minimum  at  540  millimicrons,  while  retaining 
a  component  in  the  deep  blue  (Figure  2,  D).  Sodium  chloride, 
potassium  chloride,  or  sodium  sulfate  in  amounts  sufficient  to 
saturate  the  reaction  mixture  also  tend  to  produce  the  same 
change  but  are  much  less  potent  and  fail  to  stabilize  the  reaction, 
the  red  color  fading  rapidly. 


Figure  2.  Development  of  Color 
A  and  C,  absorption  curves  ol  colors  produced  by  reacting  nicotine 
and  nomicotine  in  water  solution  brought  to  pH  4.1  with  sulfuric 
acid,  with  cyanogen  bromide.  B  and  O,  effect  on  absorption 
curves  of  adding  0.4  gram  of  potassium  dihydrogen  phosphate  to 
reaction  mixture. 

The  potassium  dihydrogen  phosphate  is  added  to  the  reaction 
mixture  in  the  method  described  to  separate  widely  the  minima 
of  the  colors  developed  by  nicotine  and  nornicotine  and  to  in¬ 
crease  their  stability. 

The  necessity  for  excluding  extraneous  salts  from  the  reaction 
mixtures  is  evident.  The  small  amount  of  sulfuric  acid  used  in 
adjusting  pH  does  not  appear  materially  to  affect  the  intensity  of 
the  colors  developed.  Unfortunately,  the  amount  of  cyanide 
used,  over  and  above  that  needed  to  decolorize  the  bromine,  in 
preparation  of  the  cyanogen  bromide  reagent,  is  considerably 
more  critical.  The  procedure  adopted  for  the  preparation  of  the 
cyanogen  bromide  reagent  takes  advantage  of  the  fact  that  the 
pH  change  of  the  reagent  during  titration  with  sodium  cyanide 
is  markedly  accelerated  when  an  excess  of  sodium  cyanide  has 
been  reached.  By  bringing  the  reagent  to  a  definite  pH  in  this 
titration  a  fairly  constant  excess  of  cyanide  is  obtained  permitting 
reproducible  development  of  color. 

Temperature.  When  the  nicotine  and  nornicotine  reactions 
with  cyanogen  bromide  are  carried  out  in  the  presence  of  phos¬ 
phate  at  room  temperature  they  proceed  at  unequal  rates,  the 
nornicotine  color  having  reached  the  maximum  intensity  and 
begun  to  fade  when  the  nicotine  color  is  just  approaching  its 
maximum  intensity.  While  this  is  unimportant  when  deter¬ 
mining  nicotine  or  nornicotine  individually  in  pure  solutions, 
it  becomes  a  complicating  factor  when  mixtures  are  used.  To 
circumvent  this,  the  authors  have  made  use  of  the  color-stabilizing 
action  of  phosphate. 

When  the  colors  are  developed  at  room  temperature,  the 
optimum  amount  of  potassium  dihydrogen  phosphate  to  permit 
moderate  stabilization  of  color  while  retaining  near  optimum 
intensity  of  color  development  is  about  0.10  gram  (for  nicotine  see 
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Figure  3.  Effect  of  Salts  on  Color  Produced  by  Reacting  Constant 
Amounts  of  Nicotine  with  Cyanogen  Bromide  at  Room  Temperature 


Figure  3).  Larger  amounts,  achieving  greater  stability,  can  be 
employed  without  serious  decrease  in  the  intensity  of  color  de¬ 
veloped,  provided  the  reactions  are  carried  out  at  elevated  tem¬ 
perature.  For  this  purpose  80°  C.  was  arbitrarily  chosen. 

The  optimum  time  for  development  of  color  at  80°  C.  for 
nornicotine  is  shown  in  Figure  4,  A,  and  for  nicotine  in  Figure  4,  C. 
For  both  substances,  maximum  color  is  developed  in  about 
3  minutes;  if  the  reaction  mixture  is  held  longer  at  80°  C.  the 
colors  rapidly  fade.  Rate  of  fading  is  greatly  reduced  by  remov¬ 
ing  the  tube  containing  the  reaction  mixture  from  the  80°  C. 
water  bath  at  exactly  3  minutes  and  immediately  placing  it 
in  an  ice-water  bath  for  1  minute  prior  to  determining  the  in¬ 
tensity  of  the  color  developed.  Figure  4,  B  and  D,  shows  the 
rate  of  fading  of  these  colors  when  chilled  to  room  temperature 
at  the  end  of  their  3-minute  period  of  development. 


Table  I.  Nicotine  and  Nornicotine  Content  of  Composite  Samples 
of  Cigaret  Tobacco 

Distillation  from  10  Grams 
of  Sodium  Chloride  Plus  10 
Ml.  of  10  M  Sodium 

A.O.A.C.  Distillation  Hydroxide 


Type 

Cyanogen 
Bromide 
Method 
Norni-  Nico- 

Silico¬ 

tungstic 

acid 

method, 

nico¬ 

Differ¬ 

Cyanogen 
Bromide 
Method 
Norni-  Nico- 

Silico¬ 

tungstic 

acid 

method, 

nico¬ 

Differ¬ 

of 

cotine, 

tine, 

tine. 

ence0, 

cotine. 

tine, 

tine, 

ence®, 

Tobacco 

% 

% 

% 

% 

% 

% 

% 

% 

Turkish 

0.045 

0.74 

0.81 

0.02 

0.11 

0.71 

0.87 

0.04 

Maryland 

0.11 

1.32 

1.52 

0.08 

0.29 

1.34 

1.68 

0.07 

Bright 

0.13 

1.73 

2.01 

0.14 

0.27 

1.72 

2.18 

0.17 

Burley 

0.23 

2.45 

2.81 

0.11 

0.48 

2.47 

3.09 

0.10 

•  Nicotine  by  silicotungstic  acid  precipitation  minus  sum  of  nicotine  plus 
nornicotine  by  cyanogen  bromide  method  corrected  for  difference  in  mo¬ 
lecular  weight  of  nicotine  and  nornicotine. 


The  optimum  amounts  of  potassium  dihydrogen  phosphate  to 
be  used  when  the  reactions  are  carried  out  at  80°  C.  are  shown 
in  Figure  5.  Maximum  color  from  the  nomicotine-cyanogen 
bromide  reaction  develops  in  the  presence  of  about  0.4  gram  and 
from  the  nicotine-cyanogen  bromide  reaction  in  the  presence  of 
0.075  gram.  Since  for  equal  amounts  of  nicotine  and  nomico- 
tine,  the  intensity  of  color  developed  by  the  nicotine-cyanogen 
bromide  reaction  is  considerably  greater  than  that  developed 
by  the  nornicotine-cyanogen  bromide  reaction,  values  for  mixed 
solutions  have  always  been  determined  at  the  potassium  di¬ 
hydrogen  phosphate  optimum  for  nornicotine. 

pH.  The  effect  of  pH  on  the  intensity  of  the  colors  developed 
is  shown  in  Figure  6.  Under  the  conditions  of  temperature  and 


phosphate  content  adopted,  a  sharp  maximum  develops  for  both 
nicotine  and  nornicotine  at  about  pH  4.1  to  4.2.  In  preparing 
the  solutions  used  in  this  experiment  the  phosphate  was  added 
prior  to  adjustment  of  pH.  In  practice,  when  the  phosphate  is 
added  to  unbuffered  solutions  of  nicotine  and  nornicotine,  pre¬ 
liminary  adjustment  of  pH  is  not  so  critical  as  Figure  6  would 
indicate,  since  the  potassium  dihydrogen  phosphate  tends  to 
produce  a  constant  pH  which  is  near  optimum. 


Table  II.  Nicotine  and  Nornicotine  Content  of  Maryland 
High-Nornicotine  Tobacco 


Type  of 
Distillation 

Type  of 

Analysis 

A 

Specimen 

B  C 

D 

A.O.A.C. 

Nicotine,  %,  by  A.O.A.C. 
silicotungstic  acid 
method 

0.76 

1.77 

2.14 

0.27 

Distillation  from 
from  10  grams  of 

Nicotine,  %,  by  cyanogen 
bromide  method 

0.37 

1.00 

1.63 

0.018 

sodium  chloride 
plus  10  ml.  of 

Nornicotine,  %,  by  cyano¬ 
gen  bromide  method 

1.88 

2.16 

1.60 

0.85 

10  M  sodium  hy¬ 
droxide 


COMPARISON  OF  CYANOGEN  BROMIDE  AND  OFFICIAL 
SILICOTUNGSTIC  ACID  METHODS 

Composite  samples  (representing  a  large  number  of  individual 
lots)  of  the  four  main  types  of  tobacco  used  in  cigaret  manufacture 
were  obtained  and  5-gram  aliquots  submitted  to  steam-distilla¬ 
tion  by  the  official  silicotungstic  acid  method  ( 1 ).  Aliquots  of 
the  distillates  were  analyzed  for  nicotine  by  the  silicotungstic 
acid  method  and  for  nicotine  and  nornicotine  by  the  cyanogen 
bromide  method  (first  four  columns  of  Table  I). 


Figure  4.  Development  of  Color 

A  and  C,  rate  of  development  and  lading  ol  colors  at  80°  C.  B  and  D.  rate  ol  lading 
of  colors  when  reaction  mixtures  are  cooled  to  room  temperature  immediately  follow, 
ing  3  minutes  at  80°  C.  All  reactions  carried  out  at  pH  4.1,  in  presence  of  0.4  gram 
of  potassium  dihydrogen  phosphate. 


Nornicotine  is  considerably  less  volatile  with  steam  than  is 
nicotine  and  the  distillate  as  collected  above  may  be  expected 
to  contain  less  than  half  of  the  nornicotine  present  in  the  tobacco. 
Two-gram  samples  of  these  same  tobaccos  were  therefore  sub¬ 
mitted  to  the  more  drastic  distillation  described  under  “Prep¬ 
aration  of  Tobacco  Distillates”  for  the  cyanogen  bromide 
method,  which  in  the  authors’  experience  gives  quantitative  re¬ 
covery  of  nornicotine.  Results  of  analyses  by  the  silicotungstic 
acid  and  cyanogen  bromide  methods  are  shown  in  the  last  foui 
columns  of  Table  I. 

Of  tobacco  of  cigaret  quality,  Burley  tobacco  on  an  average 
seems  to  contain  the  greatest  amount  of  nornicotine  and  Turkisl 
tobacco  the  least.  Individual  lots  of  tobacco  will  not  alway: 
follow  this  general  rule. 

On  an  average,  the  amount  of  nornicotine  appearing  in  the 
distillate  in  the  official  silicotungstic  acid  method  is  sufficien 
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to  cause  a  5  to  8%  error  in  the  nicotine  analyses  (columns  1 
and  3,  Table  I).  However,  the  error  in  analysis  of  individual 
lots  of  tobacco  will  not  always  fall  within  these  limits. 

Table  II  shows  the  results  of  analysis  by  the  official  silico- 
tungstic  acid  and  the  cyanogen  bromide  methods  of  four  lots 
of  high-nomicotine  Maryland  tobacco.  These  tobaccos  well 
illustrate  the  fact  that  in  certain  strains  nornicotine  may  be  the 
predominant  alkaloid.  In  such  tobaccos  the  apparent  nicotine 
content  as  determined  by  the  official  silicotungstic  acid  method 
may  be  greatly  in  error. 


GRAMS  OF  POTASSIUM  D!  HYDROGEN  PHOSPHATE 

Figure  5.  Effect  of  Potassium  Dihydrogen  Phosphate 
on  Intensity  of  Color 

Constant  amounts  of  nornicotine  and  nicotine  reacted  with  cyanogen 
bromide  (or  3  minutes  at  80°  C.  All  colors  developed  at  pH  4.1. 
Transmittance  measurements  made  at  540  millimicrons  for  nomico- 
tine  and  375  (or  nicotine. 


on  the  alpha  carbon  should  yield  no  color  when  reacted  with 
cyanogen  bromide.  The  authors’  findings  (Table  III)  are  con¬ 
sistent  with  this  and,  in  all  probability,  a-nicotine  and  its 
derivatives  would  not  interfere  in  the  proposed  method. 

As  seen  in  Table  I,  the  sum  of  nicotine  plus  nornicotine  as 
determined  by  the  cyanogen  bromide  method  is  consistently 
slightly  less  than  the  total  apparent  nicotine  as  determined  by 
silicotungstic  acid  precipitation.  Unless  this  is  due  to  some 
unrecognized  error  in  the  cyanogen  bromide  method,  this  may 
mean  that  some  of  the  minor  steam-volatile  alkaloids  of  tobacco 
that  form  insoluble  silicotungstates  appear  to  a  lesser  degree  in 
the  proposed  cyanogen  bromide  method.  .If  so,  these  must  be 
of  the  order  of  volatility  of  nicotine,  since  the  more  drastic  steam- 
distillation  did  not  increase  this  difference. 

From  the  standpoint  of  specificity,  then,  the  cyanogen  bro¬ 
mide  method,  like  the  methods  proposed  by  Markwood  (10) 
and  by  Bowen  and  Barthel  (4),  essentially  divides  the  tobacco 
alkaloids  into  those  of  the  nicotine  type  and  those  of  the  nomico- 
tine  type. 

Table  III  does  not  indicate  the  maximum  color-producing 
potencies  of  pyridine  and  of  its  beta-substituted  derivatives 
listed,  other  than  nornicotine.  Probably  each  has  its  individual 
optima  of  salt  concentration,  temperature  and  time  of  color 
development,  pH,  and  characteristic  wave  length  of  minimum 
transmittance.  The  cyanogen  bromide  reaction  with  pyridine 
and  its  beta-substituted  derivatives  offers  fertile  possibilities  for 
formulation  of  methods  for  the  chemical  determination  of  any 
individual  member,  even  in  the  presence  of  other  members,  pro¬ 
vided  the  present  tendency  to  add  an  aromatic  amine  to  the 
reaction  is  avoided. 


Specificity  of  Cyanogen  Bromide  Method.  Table  III 
shows  the  relative  intensities  of  colors  developed  by  certain 
aicotine  and  pyridine  derivatives  under  the  conditions  of  the 
jyanogen  bromide  method.  Nicotyrine  and  pyridine  are 
steam-volatile  substances  known  to  be  present  in  Nicotiana 
'abacum.  Anabasine  is  known  to  be  present  in  certain  other 
species  of  Nicotiana. 


Table  III.  Color  Development  of  Nicotine,  Nornicotine,  and 
Other  Pyridine  Derivatives 


Substance 

Nicotine 
Nornicotine 
Nicotyrine0 
Anabasine 
Metanicotine 
3-(l-Aminobutyl)  pyridine 
2-Aminonicotine 
6-Aminonicotine 
6(4-Aminobi*toxy)-3,2'-nicotine° 
Nicotinic  acid  amide 
Nicotinic  acid 
0-Picoline 
a-Picoline 
Pyridine 

*  Kindly  furnished  by  Alfred 
dlle,  Va. 


Nicotine  Nornicotine 

Equivalent,  %  Equivalent.  % 


100 

0 

39 

100 

14 

0 

22 

101 

15 

0 

12 

207 

0 

0 

0 

0 

0 

0 

127 

0 

130 

0 

0  0 

0  0 

0 

Virginia,  Charlottes- 


11 

Burger.  University  of 


Of  this  group,  nomicotine,  3-(l-aminobutyl)pyridine,  and 
mabasine  are  the  only  substances  yielding  a  red  color  with 
:yanogen  bromide.  In  none  of  these  three  is  the  nitrogen,  of 
'he  group  substituted  in  the  beta  position  in  the  pyridine  mole- 
:ule,  methylated.  This,  seemingly,  is  a  necessary  condition  for 
he  formation  of  a  red  color  by  nicotine  derivatives  when  re- 
tcted  with  cyanogen  bromide.  Anabasine  also  yields  a  red 
lolor  when  reacted  with  cyanogen  bromide  in  the  absence  of 
phosphate.  This  should  make  it  possible  to  utilize  the  cyanogen 
iromide  reaction  to  determine  nomicotine  and  anabasine  in 
nixtures. 

Theoretically  (12),  pyridine  derivatives  involving  substitution 


Figure  6.  Effect  of  pH  on  Development  of  Color 

Constant  amounts  of  nicotine  and  nomicotine  reacted  with  cyanogen  bromide  for 
3  minutes  at  80  C.  in  presence  ol  0.4  gram  of  potassium  dihydrogen  phosphate. 
Transmittance  measurements  made  at  540  millimicrons  for  nomicotine  and  375  for 

nicotine. 


Nornicotine  Transfer  into  Smoke.  But  little  data  are 
available  concerning  the  per  cent  transfer  of  nomicotine  from 
tobacco  to  smoke.  Wenusch  and  Maier  (IS)  have  stated  that 
only  a  small  amount  of  nomicotine  is  transferred  into  the  smoke 
from  material  containing  it.  The  authors  have  previously  re¬ 
ported  (6),  from  studies  on  a  specimen  of  low-nicotine  tobacco, 
a  nomicotine  transfer  into  smoke  of  less  than  4%. 

Specimen  D  (Table  II)  seemed  ideal  for  further  studies  along 
this  line,  since  it  contained  virtually  no  nicotine  and  a  fairly 
high  per  cent  of  nomicotine.  Twelve  cigarets  made  from  this 
tobacco  were  smoked  according  to  the  procedure  described  by 
Bradford,  Harlow,  Harlan,  and  Hanmer  (5).  The  resulting 
smoke  solution,  analyzed  for  nornicotine  by  the  cyanogen  bro¬ 
mide  method,  showed  a  4.8%  transfer  of  nomicotine  from  the 
tobacco  into  the  smoke.  This  is  less  than  one  fourth  of  the 
transfer  that  has  been  found  for  nicotine  (5) . 

ACKNOWLEDGMENT 

The  authors  are  indebted  to  R.  C.  Roark,  C.  V.  Bowen,  and 
C.  M.  Smith  of  the  Bureau  of  Entomology  and  Plant  Quarantine, 
U.  S.  Department  of  Agriculture,  for  the  high-nomicotine  to- 


90 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY  Vol.  16,  No.  2 


baccos,  for  samples  of  nomicotine  and  anabasine,  for  suggestions, 
and  for  review  of  the  manuscript. 

LITERATURE  CITED 

(1)  Assoc.  Official  Agr.  Chem.,  Official  and  Tentative  Methods  of 

Analysis,  5th  ed.,  p.  64,  1940. 

(2)  Barta  and  Marschek,  Mezdagzdasagi  Kutatdsok,  10,  29  (1937) ; 

cited  by  Markwood  (9) . 

(3)  Bowen,  C.  V.,  and  Barthel,  W.  F.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

15,  596  (1943). 

(4)  Ibid..,  p.  740. 


(5)  Bradford,  J.  A.,  Harlow,  E.  S.,  Harlan,  W.  R.,  and  Hanmer, 

H.  R.,  Ind.  Eng.  Chem.,  29,  45  (1937). 

(6)  Haag,  H.  B.,  and  Larson,  P.  S.,  Science,  97,  187  (1943). 

(7)  Larson,  P.  S.,  and  Haag,  H.  B.,  J.  Pharmacol.,  76,  240  (1942). 

(8)  Ibid.,  77,  343  (1943). 

(9)  Markwood,  L.  N.,  J.  Assoc.  Official  Agr.  Chem.,  23,  792  (1940). 

(10)  Ibid.,  26,  283  (1943). 

(11)  Markwood,  L.  N.,  Science,  92,  204  (1940). 

(12)  Waisman,  H.  A.,  and  Elvehjem,  C.  A.,  Ind.  Eng.  Chem., 

Anal.  Ed.,  13,  221  (1941). 

(13)  Wenusch,  A.,  and  Maier,  G.,  Munch.  Wochschr.,  87,  1263  (1940) 


Analysis  of  Bodied  Drying  and  Semidrying  Oils 

J.  C.  COWAN,  L.  B.  FALKENBURG,  AND  H.  M.  TEETER,  Northern  Regional  Research  Laboratory,  Peoria,  III. 


Operating  details  for  determining  the  proportions  and  nature  of  those 
polymers  in  a  heat-bodied  vegetable  oil  resulting  from  self-addition 
of  the  fat  acid  portions  of  the  oil  are  described.  The  method  has 
been  applied  to  the  analysis  of  methyl  esters  bodied  in  the  labora¬ 
tory  and  of  commercial  oils. 

BRADLEY  (3,  4,  7)  has  emphasized  the  identity  of  drying 
phenomena  with  polymerization  and  the  relationship 
between  the  functionality  of  oil  molecules  and  their  capacity  to 
form  convertible  films.  In  particular,  he  points  out  (2)  that  one 
factor  of  importance  in  more  completely  understanding  the  dry¬ 
ing  mechanism  of  oils  consists  in  the  ascertainment  of  “the 
shape  and  size  of  the  molecular  aggregations  at  the  sol-gel 
transition  point”.  In  addition  to  considerable  amounts  of  un¬ 
polymerized  fat  acid  glycerides,  a  heat-bodied  .oil  consists  of 
polyesters  of  polymeric  fat  acids  with  glycerol.  A  convenient 
method  of  determining  the  relative  proportions  and  molecular 
size  of  these  acids  would  be  valuable  not  only  for  characteriza¬ 
tion  of  polymerized  oils,  but  also  for  use  in  the  preparation  of 
condensation  polymers  from  the  polymeric  fat  acids. 

The  mode  of  origin  and  the  chemical  nature  of  the  polymeric 
fat  acids  have  been  discussed  by  Bradley  (5,  6,  7),  Brod,  France, 
and  Evans  (8),  Kino  (11,  12),  and  Ault  ( 1 )  and  will  not  be  con¬ 
sidered  here. 

The  monomeric  fat  acid  is  readily  separated  from  the  mixture 
of  polymeric  fat  acids  by  distillation  of  the  methyl  esters,  but 
Bradley  and  Johnston  (5)  reported  that  the  polymeric  methyl 
esters  were  nonvolatile  at  300°  C.  and  1  mm.  in  Claisen  flasks. 
Kino  (11)  partially  separated  dimeric  and  trimeric  methyl 
esters  by  solvent  extraction.  Bradley  and  Johnston  (6)  were 
able  to  isolate  relatively  pure  dimers  and  trimers  from  poly¬ 
merized  dehydrated  castor  methyl  esters  by  molecular  dis¬ 
tillation  in  a  cyclic  still.  Likewise,  Morse  (13)  fractionated  a 
polymerized  fish  oil.  While  molecular  distillation  gives  a  good 
estimation  of  the  proportions  of  monomeric,  dimeric,  and  tri- 
meric  fat  acids,  experimental  difficulties  and  time-consuming 
operations  detract  from  the  use  of  this  method  as  a  routine 
tool. 

As  a  part  of  the  general  program  of  the  Oil  and  Protein  Divi¬ 
sion  of  the  Northern  Regional  Research  Laboratory  concerned 
with  the  polymerization  phenomenon  of  oils,  the  separation  of 
polymeric  fat  acids  was  studied.  As  a  result,  it  was  found 
possible  to  achieve  fractionation  of  polymeric  fat  acids,  in  the 
form  of  their  methyl  esters,  by  distillation  at  a  pressure  of  1  mm. 
or  less  in  a  specially  designed  short-path  alembic  flask.  By  this 
method,  data  of  sufficient  accuracy  to  be  employed  in  the  equa¬ 
tions  of  Flory  (9,  10)  are  obtainable,  and  the  maximum  extent 
of  reaction  of  polymeric  fat  acids  with  various  difunctional 
molecules  is  readily  estimated.  Furthermore,  the  character¬ 
ization  of  bodied  oils  in  terms  of  their  dimeric  and  trimeric 
iat  acid  content  can  now  be  studied  more  conveniently. 


APPARATUS 

The  apparatus  used  is  shown  in  Figure  1.  It  may  be  con¬ 
structed  in  various  sizes.  Capacities  from  10  ml.  to  5  liters 
have  been  used  successfully  at  this  laboratory,  although  more  ac¬ 
curate  results  are  obtained  with  the  1-  to  2-liter  sizes.  The  di¬ 
mensions  are  not  critical.  Those  shown  in  the  figure  are  satis¬ 
factory  for  a  flask  of  1-liter  capacity.  Other  sizes  have  propor¬ 
tional  dimensions. 

The  flask  is  equipped  with  two  side  arms,  A  and  B,  for  intro¬ 
duction  of  a  thermometer  and  of  a  capillary  tube  through  which 
an  inert  gas,  usually  carbon  dioxide,  is  passed  in  order  to  prevent 
bumping  and  to  provide  an  inert  atmosphere.  When  flasks  of 
200-ml.  or  less  capacity  are  used,  bumping  is  controlled  by  pack¬ 
ing  the  flask  with  glass  wool;  no  side  arm  is  then  necessary  for  the 
capillary.  A  second  thermometer,  C,  is  placed  in  the  neck  of  the 
alembic  to  obtain  vapor  temperatures.  It  is  fitted  with  a  splash 
baffle  plate  made  by  boring  a  hole  in  a  Pyrex  disk  and  attaching 
this  to  the  thermometer  with  a  small  clip  of  Nichrome  wire. 
The  flask  may  be  readily  heated  by  use  of  an  air  bath  or  glass 
heating  mantle. 

The  large  side  arm,  D,  leads  to  a  small  McCleod  vacuum  gage 
and  thence  to  the  pumping  system.  A  good  rotary  vacuum  pump 
is  satisfactory  for  flask  sizes  up  to  500  ml.;  for  larger  sizes  a 
mercury  diffusion  pump  is  necessary. 

The  arm,  E,  carries  the  distillate  to  a  fraction  cutter.  If  ap¬ 
proximate  results  are  desired,  an  ordinary  “pig”  carrying  at  least 
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four  test  tubes  or  small  flasks  is  adequate.  For  more  accurate 
work  or  for  large  distillate  volumes,  a  fraction  cutter  is  necessary. 
Since  the  distillation  must  not  be  interrupted  while  changing  re¬ 
ceivers,  an  auxiliary  pump  is  required. 

PROCEDURE 

Distillation.  The  sample  of  bodied  oil  is  converted  to 
methyl  esters  either  by  transesterification  in  the  usual  manner 


Table  I.  Refractive  Indices  of  Methyl  Esters 


Source  of  Methyl  Ester 


Before 

polymerization 


After 

polymerization 


Soybean  oil  1.4538  1.4628 

Linseed  oil  1.4685  1.4711 

Perilla  oil  1.4621  1.4791 

Tung  oil  1 . 4880  1 . 4905 

Linseed  oil  (commercial  bodied)  _  1 . 4682 


or  by  splitting  followed  by  re-esterification.  Unpolymerized  es¬ 
ters  are  removed  by  distillation  at  5  to  10  mm.,  in  either  ordinary 
apparatus  or  the  alembic  flask.  If  large  amounts  of  monomer  are 
present,  it  is  more  convenient  to  remove  it  in  ordinary  apparatus 
than  to  use  an  alembic  flask  of  a  size  disproportionate  to  the 
amount  of  residual  polymeric  material  to  be  distilled.  The  pot 
temperature  during  removal  of  monomer  should  not  exceed 
210°  C.  in  order  to  avoid  any  possibility  of  polymerization. 

The  manner  of  conducting  the  remainder  of  the  distillation  de¬ 
pends  upon  the  method  of  removing  monomer.  If  an  alembic 
flask  is  used,  the  pressure  is  slowly  lowered  to  1  mm.  or  less  and 
distillation  is  continued;  the  material  is  not  allowed  to  cool  dur¬ 
ing  this  process.  Small  fractions  of  approximately  equal  weight 
are  collected  during  the  course  of  the  distillation.  When  the  pot 
temperature  reaches  300°  C.,  the  distillation  is  stopped. 

If  removal  of  monomer  is  conducted  separately,  a  sample  of 
residual  material  is  charged  into  an  alembic  flask  of  appropriate 
size,  then  degassed  by  warming  while  the  pressure  is  slowly 
lowered  to  1  mm.  or  less.  When  foaming  subsides,  distillation  is 
begun  and  conducted  as  described  above. 

When  a  pig  is  used  as  fraction  cutter,  fractions  are  collected  in 
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Table  II.  Analysis  of  Bodied  Methyl  Esters 


Commercial 

Commercial 

Soybean 

Linseed 

Perilla 

Tung 

bodied 

Soybean 

Linseed 

Perilla 

Tung 

bodied 

Fraction 

oil 

oil 

oil 

oil 

linseed 

oil 

oil 

oil 

oil 

linseed 

1.  Monomer 

Up  to  1.4590 

Up  to  1.4676 

Up  to  1.4700 

Up  to  1.4732 

Up  to  1.4646 

48.0 

48.5 

33.5 

44.5 

60.5 

2.  Intermediate 

1.4590- 

1.4676- 

1.4700- 

1.4732- 

1 . 4646- 

1.4730 

1.4772 

1 . 4764 

1.4820 

1.4816 

5.5 

2.0 

2.0 

2.5 

5.5 

3.  Dimer 

1.4730- 

1.4772- 

1.4764- 

1.4820- 

1.4816- 

1.4812 

1.4874 

1.4880 

1.4890 

1.4890 

27.5 

22.5 

20.5 

21.0 

16.5 

4.  Volatile  higher 

1.4812- 

1.4874- 

1.4890- 

1.4890- 

polymers 

1.4924 

1.4880 

1.4912 

1.4901 

1.0 

2.5 

6.5 

2.0 

4.  Residue 

1.4869 

1.4948 

1.4970 

1.4992 

1.4975 

18.0 

24.5 

44.0 

26.5 

15.5 
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the  ranges  up  to  225°  C.,  between  225°  and  240°  C.;  and  between 
240°  and  265°  C. 

Analysis  of  Results.  The  refractive  index  of  each  fraction 
collected  is  plotted  against  the  total  per  cent  distilled  up  to  the 
mid-point  of  that  fraction,  and  a  smooth  curve  is  drawn.  This 
curve  will  indicate  the  presence  of  two  fractions.  The  lower 
plateau  corresponds  to  monomer  and  the  higher  plateau  to  dimer. 
The  transition  between  these  is  designated  as  the  intermediate 
fraction.  [The  intermediate  fraction  appears  to  consist  of  ther¬ 
mally  cracked  products  or  materials  formed  by  recombination  of 
cracked  fragments  (5).]  The  per  cent  of  total  represented  by 
each  fraction  is  readily  determined  from  the  graph,  as  shown  in 
Figures  2,  3,  and  4.  A  fraction  collected  between  definitely  estab¬ 
lished  refractive  indices  will  not  necessarily  correspond  to 
monomer,  intermediate,  or  dimer,  unless  all  experimental  vari¬ 
ables  are  held  constant.  If  distillation  is  carried  out  slowly  with 
small  flasks  and  a  pig  and  the  pressure  is  1  mm.,  the  tempera¬ 
ture  ranges  suggested  above  may  be  considered  to  correspond  to 
monomer,  intermediate,  and  dimer,  respectively.  This  proce¬ 
dure  is  not  recommended  for  analytical  work  unless  circumstances 
permit  no  alternative.  However,  it  is  valuable  for  rapid 
preparation  of  intermediate  and  dimer  fractions  of  sufficient 
purity  for  many  purposes. 

EXPERIMENTAL 

Distilled  samples  of  soybean,  linseed,  perilla,  and  tung  oil 
methyl  esters  were  bodied  without  catalyst  for  40  hours  at  295  °C., 
except  in  the  case  of  tung  oil  which  was  bodied  for  20  hours. 
(To  illustrate  the  distillation  technique,  it  is  immaterial  whether 
the  oil  or  its  methyl  esters  is  bodied.)  Comparative  refractive 
indices  of  unbodied  and  bodied  esters  are  given  in  Table  I. 
Monomer  was  removed  from  the  bodied  esters,  and  the  residues, 
amounting  to  approximately  1  kg.  in  each  case,  were  submitted 
to  distillation  in  alembic  flasks  of  2-liter  capacity.  A  mercury 
vapor  diffusion  pump  was  necessary  to  secure  the  required  pres¬ 
sure,  which  was  about  0.005  mm.  at  the  start  of  the  distillation 
and  increased  slowly  to  about  0.01  to  0.03  mm.  at  the  end.  Pot 
temperatures  ranged  from  220°  to  300°  C.  during  the  course  of 
each  distillation  and  vapor  temperatures  from  170°  to  265°  C. 
Small  fractions,  representing  from  1  to  5%  of  the  total,  were 
collected  and  their  refractive  indices  measured.  These  data  were 
then  graphed,  taking  account  of  the  amount  of  monomer  re¬ 
covered  in  the  initial  distillation.  The  results  are  shown  in 
Figures  2  and  3. 

The  composition  of  each  bodied  methyl  ester  is  given  in  Table 
II,  together  -with  the  refractive  indices  assigned  to  each  fraction 
by  inspection  of  the  graphs.  A  smaller  amount  of  nonvolatile 
residue  than  would  be  expected  was  obtained  in  the  case  of  tung 
oil,  since  some  polymerization  occurred  during  the  initial  dis¬ 
tillation  of  the  unbodied  esters.  Molecular  weights  of  the  dimer 
fractions  as  determined  cryoscopically  in  benzene  are  given 
in  Table  III. 

Also  included  is  the  analysis  of  a  sample  of  commercially 
bodied  linseed  oil  of  X  viscosity  (Gardner-Holt  scale).  This 


Table  III.  Molecular  Weights  of  Dimer  Fractions 

Source  of  Methyl  Esters  Molecular  Weight 


Soybean  oil  590 

Linseed  oil  633 

Perilla  oil  590 

Tung  oil  598 

Corn  oil  584 

Commercial  bodied  linseed  oil  600 

(Theoretical)  588 


Table  IV.  Distillation  Data  for  Approximate  Analysis  of  Bodied 

Oils 


B.  P. 


Oil 

Fraction 

Range, 

°  C. 

30 

n  d 

Weight, 

Grams 

% 

Bodied  corn  oil  es- 

Before 

1 . 4767 

59.0 

ters 

distillation 

1 

175-225 

1.4656 

8.3 

14.0 

2 

225-240 

1 . 4704 

10.2 

17.3 

3 

240-265 

1.4760 

25.9 

44.0 

Residue 

1.4857 

14.6 

24.7 

Commercial  alkali- 

Before 

73.3 

conjugated  soy¬ 
bean  oil  esters 

distillation 

1 

132-139 

1.4565 

28.2 

45.0 

2 

155-240 

1.4611 

25.4 

36.3 

3 

240-260 

1.4795 

7.5 

10.7 

Residue 

.... 

5.6 

8.0 

1.4920 
1.4900 
1.4880- 

1.48601  LINSEED  OIL  (COMM’L.  BODIED-,  VISC.X) 
1.4840-  METHYL  ESTERS 
1.4820- 
1.4800 
1.4780 
1.4760 
'  1.4740 


175% 


40  50  60 

AV.%  DISTILLED 


100 


Figure  4 


oil  was  transesterified  with  methyl  alcohol  using  sodium  meth 
ylate  as  a  catalyst  and  then  distilled  in  an  alembic  flask  withou 
previous  removal  of  monomer.  The  distillation  data  are  showi 
graphically  in  Figure  4. 

In  order  to  determine  the  closeness  of  fractionation  and  to  servi 
as  a  check  upon  the  accuracy  of  estimation  of  fraction  size 
a  sample  of  distilled  methyl  esters  of  polymeric  soybean  fa 
acids,  collected  in  the  refractive  index  range  1.4750  to  1.4800 
was  redistilled.  It  was  found  that  only  6.4%  of  material  of  re 
fractive  index  outside  this  range  was  present. 

Illustrative  of  the  results  obtainable  in  small  flasks  with  pig 
type  fraction  cutters  are  the  data  obtained  by  distillation  o 
samples  of  methyl  esters  of  polymeric  com  fat  acids  and  o 
methyl  esters  of  commercial  alkali-conjugated  soybean  fa 
acids.  A  59-gram  sample  of  polymeric  com  methyl  esters,  fron 
which  most  of  the  monomer  had  previously  been  removed,  wa 
distilled  in  a  100-ml.  alembic  flask  at  a  pressure  of  0.5  to  1  mm 
of  mercury,  secured  with  an  ordinary  rotary  vacuum  pump 
The  flask  was  packed  with  Pyrex  glass  wool  to  prevent  bump 
ing,  and  was  provided  with  vapor  and  pot  thermometers.  Thi 
distillation  data,  given  in  Table  IV,  indicate  the  presence  of  14^ 
monomer,  17.3%  intermediate,  44%  dimer,  and  24.7%  residu 
consisting  of  trimer  and  higher  polymers. 

A  sample  of  commercial  alkali-conjugated  soybean  oil  wa 
saponified  and  re-esterified  with  methyl  alcohol.  Unpoly 
merized  monomer  was  not  removed  prior  to  distillation  in  th 
alembic  flask.  Distillation  data  are  shown  in  Table  IV.  Th 
presence  of  45%  monomer,  36.3%  intermediate,  10.7%  dimei 
and  8.0  trimer  and  higher  ploymers  is  indicated. 
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Determining  Plasticizer  Content  of  Cellulose  Esters 

B.  S.  BIGGS  AND  R.  H.  ERICKSON,  Bell  Telephone  Laboratories,  New  York,  N.  Y. 


’lasticizer  content  is  determined  by  the  vacuum  distillation  of  the 
flasticizer  from  the  sample.  Dry  samples  of  1  gram  or  less  are  placed 
n  weighing  bottles  on  the  floor  of  a  special  vacuum  still  heated  with 
)owtherm.  The  sample  is  quickly  converted  to  a  film  by  action  of  a 
olvent  and  heating  is  continued  for  1 .5  hours.  The  loss  in  weight 
s  due  to  plasticizer  plus  a  slight  decomposition  of  the  cellulose  ester, 
he  latter  is  determined  on  a  blank  but  is  usually  small  enough  and 
iniform  enough  that  a  fixed  value  may  be  assumed  for  it.  Plasticizer 
:ontent  is  given  within  about  0.3%. 

rHE  determination  of  the  plasticizer  content  of  cellulose  es¬ 
ter  plastics  has  always  been  a  slow  operation,  usually  re- 
[uiring  large  volumes  of  solvent  and  sometimes  resulting  in 
mbiguous  values.  The  principal  methods  used  have  been  (1) 
he  extraction  method,  in  which  the  sample  is  converted  to  a 
ilm,  weighed,  and  extracted  with  ether,  and  either  the  extracted 
ilm  or  the  extract  is  weighed,  and  (2)  the  precipitation  method  in 
rhich  the  weighed  sample  is  dissolved  in  a  small  volume  of  sol- 
•ent,  the  solution  is  poured  into  a  large  volume  of  nonsolvent,  the 
irecipitated  cellulose  ester  is  removed  by  filtration,  and  the  plas- 
icizer  is  recovered  and  weighed.  While  these  methods,  in  the 
lands  of  a  careful  operator,  can  be  used  successfully,  they  are 
liable  to  serious  error  at  several  points.  One  source  of  trouble  is 
he  great  tenacity  with  which  cellulose  esters  cling  to  acetone  and 
ven  to  ether.  Another  is  the  obvious  difficulty  in  removing  the 
olvent  quantitatively  from  the  plasticizer  without  loss  of  the 
itter  when  many  plasticizers  have  appreciable  vapor  pressure 
t  the  temperature  required. 

The  method  described  in  this  paper  consists  of  the  removal  of 
he  plasticizer  from  a  weighed  sample  of  plastic  by  distillation 
inder  controlled  conditions  of  temperature  and  pressure,  and 
pas  developed  as  a  result  of  an  observation  by  W.  0.  Baker  of 
hese  laboratories  that  additional  plasticizer  could  be  removed 
>y  vacuum  distillation  from  a  sample  which  had  already  sup¬ 
posedly  been  freed  of  plasticizers  by  ether  extraction.  Ryan 
nd  Watkins  (l ,  2)  have  used  a  method  based  on  distillation  of  the 
plasticizer,  but  their  sample  (500  grams)  was  prohibitively  large 
or  an  analytical  method.  The  method  developed  here  is  fast  and 
ccurate,  the  technique  is  simple,  it  does  not  call  for  large  quanti- 
ies  of  solvents,  and  it  requires  only  1  gram  or  less  of  material. 

APPARATUS 

The  apparatus  required,  illustrated  in  Figure  1,  can  be  made 
a  any  laboratory  shop.  The  still  itself  consists  of  a  steel  double 
'oiler,  the  top  chamber  of  which  has  a  2.5-cm.  (1-inch)  flange  or 
P  around  the  edge  ground  like  a  desiccator  flange  to  fit  the  glass 
lome  of  a  standard  vacuum  distillation  apparatus  (Corn- 
ng  Glass  Co.  No.  3480  EESHF).  The  apparatus  is  con- 
eniently  made  of  standard  0.6-cm.  (0.25-inch)  seamless 
teel  tubing,  15  cm.  (6  inches)  in  inside  diameter,  by  weld- 
ag  on  the  flange,  the  partition,  and  the  bottom.  The 
'artition,  which  constitutes  the  floor  of  the  vacuum  cham- 
er,  has  a  groove  around  the  edge  to  collect  any  distillate 
diich  does  not  leave  the  chamber.  The  reflux  column 
nd  vacuum  line  are,  respectively,  0.5-inch  and  0.375-inch 
■on  pipe.  Magnesia  pipe  lagging  serves  as  the  insula- 
'ion. 

After  being  welded  in  place  the  flange  should  be  turned 
8  smooth  as  possible  on  a  lathe,  and  when  the  whole 
pparatus  is  finished  the  flange  must  be  ground  to  a  per¬ 
tly  plane  surface.  This  is  very  important,  since  the 
atisfactory  operation  of  the  apparatus  depends  on 
aaintenance  of  a  good  vacuum  in  the  vacuum  chamber. 

Vhen  the  joint  is  properly  ground  an  ordinary  laboratory 
acuum  pump  should  be  able  to  reduce  the  pressure  in  the 
Apparatus  to  less  than  5  mm.  with  no  sealing  compound  in 


the  joint.  The  temperature  is  held  at  256°  C.  by  boiling  Dow- 
therm  and  the  heat  input  is  controlled  so  that  the  Dowtherm  re¬ 
fluxes  about  halfway  up  the  column.  The  exact  point  reached 
by  the  condensing  vapor  is  easily  determined  by  passing  a  damp 
cloth  along  the  outside  of  the  pipe.  A  glass  plug  in  the  top  of  the 
dome  seals  the  hole  and  at  the  same  time  serves  as  a  convenient 
handle.  The  other  pieces  of  apparatus  required  are  standard  items 
and  are  clearly  indicated  by  the  diagram. 

PROCEDURE 

Samples  of  approximately  1  gram  in  any  form — i.e.,  film, 
powder,  or  lump — are  weighed  into  tared  wide-type  Pyrex 
weighing  bottles  (50  X  30  mm.),  which  are  placed,  with  covers 
off,  in  a  vacuum  desiccator  over  fresh  phosphorus  pentoxide. 
The  pressure  is  reduced  to  5  mm.  and  the  samples  are  dried  over¬ 
night.  When  the  desiccator  is  to  be  opened  dry  air  from  a  calcium 
chloride  tower  is  admitted.  The  bottles  with  covers  on  are  re¬ 
weighed  and  the  weight  of  the  dried  sample  is  thus  obtained.  To 
each  sample  are  added  3  ec.  of  acetonyl-acetone  (Eastman  Kodak 
Co.,  boiling  point  about  193°  C.)  and  the  bottles,  without  covers, 
are  placed  in  the  apparatus  which  has  previously  been  carefully 
cleaned.  The  flange  is  cleaned  before  each  run  with  fine  Car¬ 
borundum  paper  held  against  a  flat  metal  disk  to  assure  a  vacuum 
tight  joint.  The  acetonyl-acetone  is  a  powerful  solvent  for  cellu¬ 
lose  esters  and  in  3  or  4  minutes  the  sample  dissolves. 

As  soon  as  the  solvent  begins  to  boil  the  glass  dome  is  set  in 
place,  care  being  taken  to  see  that  it  makes  a  good  joint,  and  with 
the  stopcock  open  the  vacuum  pump  is  started.  The  stopcock  is 
slowly  closed,  the  operator  keeping  his  hand  on  it  while  watching 
the  samples  to  see  that  they  do  not  boil  over  or  splatter.  If  the 
boiling  is  too  vigorous  the  vacuum  is  released  slightly  till  the  boil¬ 
ing  subsides.  In  this  way  the  full  vacuum  is  applied  as  rapidly 
as  possible,  the  usual  period  being  about  10  minutes  from  the 
time  the  samples  were  placed  in  the  apparatus.  As  the  solvent 
evaporates,  the  cellulose  ester  is  left  in  a  thin  foamy  layer  from 
which  the  plastizicer  can  readily  escape.  As  soon  as  the  full 
vacuum  is  applied  the  operator  seals  the  flange  joint  with  a  good 
sealing  compound  and  the  pressure  in  the  system  should  then  be 
1  mm.  or  less.  After  exactly  1.5  hours  from  the  time  full  vacuum 
was  applied  the  stopcock  is  opened,  the  vacuum  pump  is  shut  off, 
the  glass  dome  is  removed,  and  the  samples  are  lifted  by  means  of 
tongs  and  quickly  placed  in  a  desiccator  to  cool.  After  half  an 
hour  the  bottles  with  covers  on  are  reweighed. 

The  dry  samples  should  not  be  exposed  to  the  air  uncovered 
before  weighing,  since  dry  cellulose  esters  absorb  water  rapidly. 
The  weighing  bottles  can  be  cleaned  for  re-use  very  conveniently 
after  being  soaked  in  acetone  for  a  few  hours.  The  loosely  adher¬ 
ing  ester  is  wiped  off,  and  the  bottles  are  rinsed  in  acetone,  wiped 
dry  with  a  cloth,  and  finally  gently  ignited  and  left  to  cool  in  a 
desiccator. 

DETERMINATION  OF  BLANK 

The  loss  in  weight  of  the  samples  put  through  the  procedure  de¬ 
scribed  above  represents  plasticizer  plus  a  certain  amount  of 
decomposition  of  the  cellulose  ester. 


Figure  1.  Vacuum  Distillation  Apparatus 
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Table  I.  Determination  of  Plasticizer 


Cellulose 

%  Plasticizer 

Cellulose 

Acetate- 

%  Plasticizer 

Butyrates 

Lab.  1 

Lab.  2 

Butyrates 

Lab.  1 

Lab.  2 

1 

8.5 

8.6 

14 

12.4 

12.4 

2 

9.5 

9.3 

15 

15.7 

15.7 

3 

4 

8.4 

9.5 

8.5 

8.3 

9.4 

8.7 

Cellulose 

acetates 

16 

26.1 

25.9 

6 

8.6 

8.7 

17 

26.2 

26.2 

7 

8.6 

8.4 

18 

26.1 

26.0 

8 

8.6 

8.5 

19 

25.2 

25.3 

9 

8.5 

8.5 

20 

23.0 

25.3 

10 

8.5 

8.6 

21 

26.1 

26.1 

11 

8.8 

8.7 

22 

24.9 

25.0 

12 

8.7 

8.5 

23 

25.5 

25.5 

13 

8.8 

8.7 

24 

25.2 

25.0 

In  order  to  determine  the  latter,  dry  samples  of  unplasticized 
cellulose  ester  of  the  type  to  be  analyzed  are  put  through  the 
standard  procedure,  an  approximately  normal  amount  of  plasti¬ 
cizer  being  added  along  with  the  acetonyl-acetone  to  make  the 
conditions  comparable.  The  result  can  be  calculated  either  on  the 
plasticized  or  unplasticized  weight  of  cellulose  ester.  The  former 
is  usually  more  convenient.  For  example,  if  samples  under  exam¬ 
ination  contain  about  25%  of  plasticizer,  for  the  blank,  one  takes 
0.75  gram  of  unplasticized  ester,  adds  about  0.25  gram  of  plasti¬ 
cizer,  and  determines  total  weight  loss  in  per  cent.  The  blank 
correction  representing  decomposition  is: 

Weight  loss  of  sample  (not  including  plasticizer)  X  100 

Weight  of  sample  plus  plasticizer 


much  more  nearly  the  actual  decomposition  loss  of  the  samp 
itself.  The  authors  use  a  correction  of  0.4%  for  acetate  butyrat 
ranging  from  0  to  15%  in  plasticizer  content.  For  very  exai 
work  one  can  either  make  an  absolute  correction  without  regai 
to  plasticizer,  or  determine  the  blank  for  the  range  of  plasticizi 
content  of  the  samples  to  be  studied. 

The  method  has  been  used  in  these  laboratories  on  celluloi 
acetate  samples  varying  in  plasticizer  content  from  18  to  40' 
and  on  acetate-butyrate  samples  from  2  to  20%  with  excelle: 
results.  The  plasticizers  which  these  samples  contained  we 
diethyl  phthalate,  dibutyl  phthalate,  dibutyl  sebacate,  and  but 
stearate,  and  no  difficulty  was  encountered  with  volatilizing  ai 
of  them.  One  would  expect  difficulty  with  the  very  high  boilh 
materials  such  as  dixenyl  cresyl  phosphate  and  similar  coi 
pounds.  The  method  is  particularly  useful  for  routine  contn 
where  large  numbers  of  samples  are  to  be  run,  since  one  operat 
over  a  period  of  several  days  can  run  in  duplicate  an  average  of  s 
to  eight  samples  per  day.  The  method  has  also  been  used  f 
following  plasticizer  distribution  by  analyzing  single  particles 
molding  powder  or  fractions  of  molding  powder  separated  1 
flotation  methods. 

The  reproducibility  of  the  method  is  illustrated  by  Table  I,  i 
suits  obtained  on  identical  samples  in  two  different  laborator: 
with  different  stills.  Each  result  is  an  average  of  duplicate  nu 

The  precision  of  the  method  is  illustrated  by  the  followi 
analyses  of  samples,  all  taken  from  a  single  molded  object  a 
all  analyses  being  run  by  the  same  operator. 


This  figure,  which  for  cellulose  acetate  is  usually  about  0.3%, 
is  directly  applicable  to  plasticized  samples  and  when  subtracted 
from  per  cent  total  weight  loss  gives  the  correct  plasticizer  con¬ 
tent.  In  the  authors’  experience,  cellulose  acetate-butyrate 
samples  have  a  slightly  greater  initial  loss  in  weight  than  the 
acetate,  but  the  curve  of  the  decomposition  with  time  at  256°  C. 
is  much  flatter  after  this  initial  loss  than  it  is  with  acetates. 
Furthermore,  acetate-butyrates  usually  contain  considerably  less 
plasticizer  than  acetates,  and  therefore  the  correction  factor  is 


Sample 

%  Plasticizer 

Sample 

%  Plasticii 

1 

25.16 

4 

24.94 

2 

24.95 

5 

24.99 

3 

25.01 

6 

25.07 
Av.  25.01 
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[OST  packed  or  specially  prepared  distilling  columns  are 
attached  to  the  boiling  flask  by  means  of  a  standard  taper 
ground-glass  joint.  High-vacuum  distilla¬ 
tions  at  elevated  temperatures  through 
these  columns  become  difficult  when  the 
lubricant  used  on  the  tapered  joint  is  ex¬ 
tracted  or  rendered  too  fluid  to  be  effec¬ 
tive  as  a  seal,  owing  to  continued  high 
temperatures.  Prolonged  heating  distorts 
the  joint  and  if  special  precautions  are  not 
observed,  the  inner  and  outer  members  be¬ 
come  frozen  together  upon  cooling.  These 
undesirable  features  have  been  largely 
eliminated  by  a  modified  vacuum -jacketed 
joint,  by  means  of  which  the  joint  is 
kept  at  a  sufficiently  low  temperature  to 
permit  the  use  of  ordinary  high-vacuum 
lubricants.  Good  seals  have  been  main¬ 
tained  in  distilling  with  bath  temperatures  as 
high  as  300  °  C. 

The  column  is  so  constructed  that  the 
tapered  joint  is  part  of  the  vacuum  jacket 


surrounding  the  distilling  column  and  is  thus  out  of  e 
tact  with  the  distilling  vapors.  The  vacuum  jacket  is 
tended  for  a  short  distance  below  the  jc 
with  an  enlargement  which  approaches 
sides  of  the  neck  of  the  boiling  flask  i 
serves  as  a  baffle.  This  minimizes  heat 
of  the  joint  and  prevents  extraction  of 
lubricant  from  the  joint  by  the  reflux 
liquid. 


Apparatus.  Figure  1  shows  the  modi! 
inner  member  alone  and  the  inner  mem 
in  position  in  the  boiling  flask.  Tube 
is  8  mm.  in  diameter  and  is  ring-sealed 
a  24/40  standard  taper  joint  (Ace  Gl; 
Inc.,  Catalog  No.  7640)  3  cm.  below 
taper,  C.  The  outer  tube  is  enlarged 
mediately  above  the  ring  seal  as  illustra1 
When  this  member  is  placed  in  positior 
the  boiling  flask  the  distance  between  i 
enlarged  portion  and  the  neck  of  the  fli 
is  about  1.5  mm.  The  drip  joint,  D,  is  abi 
2  cm.  below  the  ring  seal,  B. 


Quantitative  Determination  of  Crystalline  Materials 

by  X-Ray  Diffraction 

S.  T.  GROSS1  AND  D.  E.  MARTIN 
University  of  Illinois,  Urbana,  III. 


,  method  is  described  for  using  x-ray  diffraction  patterns  for  chem- 
iil  analysis  of  crystalline  compounds.  The  line  intensities,  which  are 
corded  by  a  suitable  microphotometer,  are  corrected  by  means  of 
pimple  graphical  correction  based  upon  an  internal  standard,  to  an 
pitrary  basis  used  for  all  comparisons.  The  accuracy  of  the  method 
I  limited  by  the  microphotometer,  grain  size  of  the  film,  exposure 

Iations,  possibility  of  solid  solution,  etc.,  and  will  ordinarily  be 
thin  5%  of  the  observed  value.  Mixtures  of  materials  are  readily 
lalyzed  from  a  single  pattern,  after  standard  patterns  are  taken  to 
rtermine  the  characteristic  constants.  Data  are  given  for  several 
impounds.  The  method  is  independent  of  absorption  correc¬ 
ts,  sample  shape  effects,  wave-length  radiation  used,  etc. 

r 

4  OST  efforts  to  determine  quantitatively  the  amounts  of 
VI  various  constituents  in  mixtures,  using  x-ray  diffraction 
Lttems,  have  been  concerned  largely  with  efforts  to  correct  for 
[sorption,  sample  shape,  and  other  quantities  which  involve 
insiderable  calculation.  Because  of  such  complications  these 
pthods  have  not  found  extensive  application  up  to  the  present 
me,  although  considerable  use  has  been  made  of  line  comparison 
i5thods  (1,  2). 

The  present  investigation  shows  a  method  of  using  an  internal 
nndard,  which  serves  to  give  comparative  line  intensities,  en¬ 
vies  a  direct  and  simple  correction  factor  to  be  determined  for 
[■sorption,  sample  shape,  etc.,  and  also  permits  use  of  the  maxi¬ 

i1  Present  address,  General  Aniline  and  Film  Corporation,  Easton,  Pa. 
iss  Martin  carried  through  some  of  the  experimental  work  in  this  paper  as 
rt  of  the  laboratory  course  in  x-ray  diffraction  at  the  University  of  Illinois. 


mum  intensity  value  of  the  interferences  rather  than  integrated 
intensity.  As  a  result,  such  determinations  may  be  easily  carried 
through  with  little  calculation  and  with  considerable  speed. 

The  method,  while  not  sufficiently  accurate  for  many  purposes, 
will  serve  in  some  cases,  and  in  certain  special  applications  will 
enable  determinations  where  no  previous  methods  of  analysis 
could  furnish  the  desired  information.  Such  a  case  is  illustrated 
in  the  present  paper,  the  analysis  of  a  rhyolite  for  quartz.  Or¬ 
dinary  chemical  analysis  permits  only  determination  of  total 
silica,  but  the  diffraction  method,  which  is  dependent  only  on  the 
nature  of  the  compounds  present,  is  not  so  restricted. 


THEORy 


The  intensity  of  a  diffraction  line  from  a  given  powder  sample 
will  vary  directly  as  the  mass  of  the  material  in  the  volume  irra¬ 
diated,  provided  all  other  factors  are  considered  constant.  In 
case  an  internal  standard  is  added  to  a  known  amount  of  sample, 
it  becomes  possible  to  determine  the  amount  of  any  given  con¬ 
stituent  in  terms  of  the  mass  of  the  added  internal  standard.  A 
single  diffraction  pattern  of  a  mixture  of  known  composition  must 
be  obtained  to  determine  the  proper  relationship  between  the  in¬ 
herent  intensity  values  of  the  two  diffraction  lines  selected  for 
comparison. 

The  intensity  of  a  Debye-Scherrer  powder  diffraction  line, 
neglecting  absorption  and  other  effects  which  accompany  the  ex¬ 
perimental  measurement,  is  given  by  the  relation  (4) 


j  _  j  N2e*\3V  (1  +  cos2  20) 

0  m2c 4 * * 7 * * Io  327rr  sin29  cosG  ^ 


(1) 


imposition:  40%  NaCI,  30%  CaF2,  30%  quartz  (pattern  5,  Table  II).  Crosses  indicate  value  (density  scale  X  10) 
t  ratio  lulls  for  each  diffraction  line.  NaCI  400  line  gives  a  ratio  not  in  agreement  with  the  rest,  probably  because  of 
superimposed  interference  from  one  of  the  other  constituents  at  this  point. 


I  represents  the  diffracted  intensity 

for  a  sample  having  N  unit  cells  per 

cubic  centimeter  with  a  total  irradiated 

volume  V.  The  other  symbols  have 

their  usual  significance.  The  ob¬ 

served  intensity  of  such  a  powder  dif¬ 
fraction  line  is  not  completely  ex¬ 
pressed  by  the  above  equation,  since 
corrections  for  sample  shape  (geomet¬ 
rical  factors),  absorption  of  the  sam¬ 
ple,  etc.,  are  not  considered.  If  these 
corrections,  which  are  all  functions  of 
the  scattering  angle  20,  are  all  summed 
into  a  function  A  ( d )  (expressed  in  terms 
of  the  “interplanar  spacing”  d  given  by 
the  Bragg  law,  \  —  2d  sin  0)  we  may 
write 

7  =  K°(d)  A(d)  V  =  K(d)  A(d)  C  (2) 

where  A(d)  represents  all  corrections 
for  the  experimental  conditions  used  in 
making  the  diffraction  pattern,  and 
K{d)  all  terms  from  Equation  1  ex¬ 
cept  V,  the  volume  of  reflecting  mate¬ 
rial  in  the  irradiated  volume  of  the 
sample.  V  is  proportional  to  C,  the 
per  cent  of  the  material  present  in  the 
powder  sample  investigated. 

Diffracted  intensities  for  a  pure 
compound  in  terms  of  the  above  equa¬ 
tion  would  be 

Io  =  K0(d)  A0(d)  Co  (3) 

where  C0  =  100%,  A0(d)  represents  the 
A{d)  curve  for  this  particular  material 
and  the  particular  manner  in  which 
the  pattern  is  taken,  and  Ko(d)  involves 
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the  quantities  indicated  in  Equation  1  except  V.  If  the  sample 
contained  only  a  portion  of  this  particular  standard  material,  the 
diffraction  intensities  would  be 


7.  =  K0(d )  C.  A(d ) 


(4) 


7,  represents  the  intensities  of  the  various  diffraction  lines  due 
to  constituent  s,  C,  the  percentage  of  the  standard  material,  s, 
present,  and  A(d),  since  it  is  independent  of  everything  but 
quantities  dependent  upon  the  size,  absorption,  and  shape  of  the 
sample,  must  be  the  same  for  all  other  materials  in  the  mixture. 
This  permits  the  evaluation  for  the  observed  intensity  of  diffrac¬ 
tion  for  a  given  constituent,  c,  which  is  to  be  determined. 


value  for  the  specific  interference  to  be  used  for  the  analysi 
it  must  be  remembered,  however,  that  the  constant  kc(d) 
for  a  given  diffraction  line  of  the  material  to  be  estimated,  ai 
other  diffraction  lines  even  of  the  same  pattern  would  necessari 
involve  other  constant  values. 


APPLICATIONS 


7.  =  CcKcA{d)  = 


CcKJ. 


K0C. 


but 


K0  = 


70 


so  that 


Cc  = 


CoAo(d) 

hue. 


I.KcC0Ao(d) 
We  may  define  a  new  function, 

kc(d)  =  l/KeCoA0(d) 


(5) 


where  kc(d)  assumes  values  at  various  d  positions  fixed  by  the 
scattering  properties  of  the  material  to  be  determined  and  the 
properties  of  the  standard  material  used  as  an  internal  standard. 
Substitution  of  this  last  equation  in  5  leads  to 


Cc  =  C.  Ic  (70/7.)  kc(d) 


(6) 


kc(d)  is  a  constant  for  any  given  diffraction  line  in  a  pattern, 
provided  a  given  internal  standard,  s,  is  used,  and  will  have  dif¬ 
ferent  values  for  the  different  lines  in  the  pattern.  The  set  of 
kc(d)  values  from  pattern  to  pattern,  however,  is  identical. 

Co  is  the  percentage  of  the  desired  constituent  in  the  mixture 
(including  the  internal  standard  material  as  an  ingredient  of  the 
mixture) . 

C,  is  the  percentage  of  internal  standard. 

(70/7a)  represents  the  ratio  of  the  intensity  of  a  given  standard 
line  from  the  reference  pattern  of  the  compound  used  as  internal 
standard,  to  the  same  diffraction  line  from  the  internal  standard 
in  the  mixture.  This  value  must  correspond  to  the  d  value  of  the  . 
line  indicated  by  Kc(d).  Therefore  the  ratio  (7o/7„)  is  deter¬ 
mined  for  every  line  due  to  the  internal  standard  on  the  micro¬ 
photometer  curve,  and  plotted  against  d  values.  This  curve 
permits  interpolation  and  extrapolation  to  determine  values  of  the 
ratio  for  the  particular  d  values  of  interest. 

I0  is  the  intensity  of  the  dif- 


The  above  treatment  has  been  demonstrated  for  the  circul 
camera  type  of  pattern,  but  the  same  result  is  obtained  for  the  u 
of  the  flat  cassette  method  and  the  resulting  powder  halos;  ev 
the  kc(d)  constants  will  have  the  same  values.  The  corrects 
curve,  7o/7„,  however,  will  show  much  greater  slope  if  the  stan 
ard  reference  pattern  is  essentially  different  in  type  from  th 
used  in  the  analysis  (with  consequent  loss  in  accuracy).  It 
not  necessary  to  specify  radiation  for  the  values  of  the  constan 
since  they  are  independent  of  wave  length.  Radiation  sour  cm 
however,  should  be  well  filtered  to  permit  selection  of  a  smoo 
background  in  estimating  intensity  values.  The  diffract! 
cameras  should  be  of  such  size  that  good  resolution  of  the  d 
fracted  lines  is  obtained,  in  order  to  avoid  overlapping  of  intc 
ferences  and  also  to  help  obtain  smooth  continuous  backgroui 
values.  A  film  with  reasonably  small  grain  size  is  preferred  1 
the  same  reason. 

The  sensitivity  of  the  diffraction  method  of  analysis  vari 
considerably  as  a  function  of  the  specific  materials  concerns 
Generally  we  may  assume  that  about  1  %  would  be  the  limit  c 
tectable  in  a  mixture.  In  some  cases — for  example,  the  deti 
mination  of  platinum  in  platinized  aerogel — quantities  extreme 
minute  may  be  determined,  while  in  other  cases,  such  as  the  c 
termination  of  silica  in  lead  oxide,  quantities  considerably  larg 


Table  1. 

Sodium  Chloride  Pattern  Used 
Standard 

as  Reference  Internal 

Line  No. 

hkl 

d,  A. 

Relative  Density 

1 

l  l  l 

3.25 

2 

2  0  0 

2.81 

0.626 

3 

2  2  0 

1.99 

0.465 

4 

2  2  2 

1.62 

0.144 

5 

4  0  0 

1.41 

0.067 

6 

4  2  0 

1.26 

0.140 

fraction  line  used  for  examina¬ 
tion.  7„(7o/7,)  may  be  re¬ 
garded  as  the  corrected  value 
of  this  line. 

Usually  it  is  desired  to  ex¬ 
press  percentages  of  constitu¬ 
ents  as  they  existed  in  the 
original  mixture  before  any 
addition  of  internal  standard  is 
made.  Then  Equation  6  may 
be  written 


Co 


(in  original  sample)  = 
7C  (70/7«)  kcid)  s 


w 


100  (7) 


where  s  is  weight  of  internal 
standard  added  to  w  grams  of 
sample.  The  other  terms  have 
the  same  significance  as  indi¬ 
cated  in  Equation  6. 


With  the  above  expressions 
it  is  a  simple  matter  to  correct 
the  microphotometer  curve  of 
the  ordinary  powder  pattern 
for  computations,  since  it  is 
only  necessary  to  determine 
the  correction  function,  70/7„ 
from  the  diffraction  lines  of  the 
internal  standard,  plot  the 
curve,  and  select  the  proper 
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Figure  3.  Microphotometer  Tracing  of  Pattern  for  Rhyolite 
19.69%  internal  standard  (see  Table  IV) 


an  1%  would  be  required.  The  method  permits  evaluation 
thin  the  sensitivity  of  the  photographic  method;  the  use  of 
e  microphotometer  and  film  automatically  restricts  the  ac- 
racy  of  the  method  to  about  5%,  and  where  the  amount  of 
;ernal  standard  does  not  compare  favorably  with  the  amount 
the  material  being  determined  the  error  may  become  somewhat 
safer.  The  method  is  adaptable  only  for  crystalline  materials, 
d  when  colloidal  materials  or  solid  solution  phenomena  are 
esent  the  routine  analysis  as  presented  in  this  paper  would  have 
be  considerably  modified,  and  the  results  would  not  be  so  sat- 
actory.  It  is  unnecessary  to  use  the  integrated  intensities 
rea  under  the  intensity-diffraction  angle  curve),  since  the  ex- 
rimental  correction  function,  70 //„  has  the  property  of  making 
e  required  correction. 

A  modification  of  the  method  which  enables  determinations  on 
micro  scale  has  been  developed  and  will  shortly  be  published, 
lis  particular  method  permits  analysis  of  alkaloids  and  other 
itable  materials  in  total  quantities  present  of  the  order  of 

1)00001  gram. 


Other  materials  are  probably 
superior  to  sodium  chloride  for 
such  an  internal  standard, 
since  the  sodium  chloride  pat¬ 
tern  has  comparatively  few 
lines  and  the  innermost  usable 
line  is  rather  far  removed  from 
the  center  of  the  pattern,  re¬ 
quiring  extrapolation  of  the 
I  a/I,  curve  for  many  materials. 
It  is  recommended  that  the 
constant  values  to  be  used  be 
determined  previous  to  analy¬ 
sis,  using  the  same  lot  of  stand¬ 
ard  material  (sodium  chloride 
or  other  standard)  which  is  to 
be  employed  in  the  analysis, 
in  order  to  obviate  errors  which 
might  arise  through  use  of 
various  lots  of  chemicals.  Such 
an  error  would  usually  be  small. 

The  To //,  curves  were  plotted 
directly  on  the  microphotom¬ 
eter  record,  using  the  density 
value  scale  multiplied  by 
ten.  The  logarithmic  density 
scale  tends  to  flatten  out 
the  correction  curve 
and  makes  it  simple  to  'draw  a  continuous  curve  through  the 
points  obtained  from  the  diffraction  lines  of  the  internal  standard. 
The  density  values  for  the  five  interferences  obtained  from  the 
sodium  chloride  are  divided  into  those  values  given  in  the  refer¬ 
ence  pattern  in  Table  I  to  obtain  correction  factors  for  the  posi¬ 
tions  corresponding  to  the  particular  interplanar  spacings  listed. 
These  points  are  located  on  the  microphotometer  paper  (see 
Figure  1)  and  a  smooth  curve,  Io/h  is  drawn  through  them.  This 

I  a/ 1,  curve  then  gives  the  proper  correction  value  for  every  posi¬ 
tion  on  the  pattern,  and  each  interference  to  be  used  for  calcula¬ 
tion  is  corrected  by  multiplying  its  observed  density  value  by  the 
correction  factor  indicated.  The  microphotometer  records  and 
correction  curves  for  a  known  mixture  are  shown  in  Figure  1. 

A  series  of  known  mixtures  containing  quartz  is  shown  in  Table 

II  with  a  comparison  of  observed  and  known  percentages.  The 
sodium  chloride  was  added  in  known  amount,  and  the  percentage 
of  sodium  chloride  in  the  final  sample  used  is  indicated. 


The  method  could  be  made  even  more  suitable  and  accurate  by 
ling  the  focusing  back-reflection  method  with  its  great  resolu- 
l>n  and  almost  linear  correction  curve.  The  authors  have  not 
:ne  this  here,  since  it  was  considered  advisable  to  use  that  type 
pattern  which  is  directly  suitable  for  qualitative  identification 
cording  to  the  Hanawalt  (3)  method. 

With  slight  changes  the  method  permits  evaluation,  within  the 
isitivity  of  the  photographic  method,  of  the  absolute  intensity 
powder  diffraction  lines  (except  for  the  corrections  brought 
out  by  the  Debye-Waller  temperature  factor,  etc.)  and  can  be 
ed  to  obtain  Fourier  or  other  data  used  in  crystal  structure 
terminations. 

(  All  patterns  were  made  using  the  wedge  method  with  copper  K- 
oha  radiation  filtered  through  0.025  mm.  (0.001-inch)  nickel 
Jil.  Exposures  were  from  2  to  4  hours,  using  a  Phillips  Metallix 
(Traction  x-ray  tube  operated  at  28  kilovolts  and  20  milliamperes 
‘d  a  camera  with  radius  of  6.4  cm.  The  pattern  of  pure  sodium 
loride,  which  was  used  as  a  reference  internal  standard  for  these 
periments,  is  listed  in  Table  I  with  density  values  recorded  by  a 
*seds  &  Northrup  microphotometer. 


Table  II.  Quartz  in  Mixtures  Containing  the  Internal  Standard 
(See  Equation  6)“ 


Known  Mixture 

Je(Zo/J«) 

Quartz 

Pattern 

NaCl 

CaF2 

MgO 

Si02 

Quartz 

Determined 

% 

% 

% 

% 

% 

1 

45 

50 

5 

0.045  X  1.27 

4.95 

2 

45 

50 

5 

0.095  X  0.65 

5.34 

3 

50 

35 

15 

0.178  X  0.90 

15.4 

4 

50 

35 

15 

0.224  X  0.69 

14.8 

5 

40 

30 

30 

0.277  X  1.35 

28.7 

a  Percentage  determined  in  mixture  as  given. 


Table  III.  Characteristic  Constants  for  Analysis  of  Minerals  against 
a  Sodium  Chloride  Internal  Standard*1 


Mineral 

d,  A. 

Kc(d) 

Formula 

Cristobalite 

3.13 

.32.0 

SiOz 

Fluorite 

3.16 

3.93 

CaF2 

1.65 

8.71 

CaF2 

Quartz 

3.35 

1.92 

Si02 

Tridymite 

4.08 

8.40 

Si02 

°  Determination  of  tridymite  is  not  satisfactory,  since  the  sodium  chloride 
standard  has  no  lines  in  the  immediate  vicinity  of  the  three  most  important 
tridymite  lines,  requiring  extrapolation  over  a  rather  considerable  range, 
with  a  larger  consequent  error  than  is  found  in  more  favorable  cases.  A 
standard  material  other  than  sodium  chloride,  chosen  so  that  numerous  lines 
occur  in  the  larger  spacings,  would  obviate  this  difficulty,  although  the  dif¬ 
fraction  camera  should  provide  suitable  resolution. 
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Table  III  lists  the  characteristic  constants  for  the  analysis  of 
several  minerals  against  the  given  sodium  chloride  internal  stand¬ 
ard. 

One  great  advantage  of  the  present  method  of  analysis  over  the 
usual  chemical  and  physical  methods  employed  for  quantitative 
determination  is  inherent  in  the  fact  that  the  diffraction  method  is 
suitable  for  any  crystalline  material,  and  the  patterns  obtained 
are  dependent  upon  the  actual  structure  rather  than  the  chemical 
composition.  It  is  unnecessary  to  destroy  a  compound  of  interest 
by  solution  in  solvents  as  a  preliminary  step  in  analysis — i.e. 
analysis  of  hydrates,  polymorphic  materials,  etc.  The  method 
is  not  indicated  for  noncrystalline  materials  such  as  liquids  .and 
glasses,  and  must  be  used  with  caution  in  the  presence  of  possible 
solid  solutions  and  of  materials  with  particle  size  in  the  colloidal 
range. 

Table  IV  (and  Figures  2  and  3)  illustrate  the  use  of  the  method 
in  analysis  of  a  rhyolite  from  the  extrusion  at  Nathrop,  Chaffee 
Co.,  Colo.  The  material  contains  quartz,  tridymite,  hyalite, 
cristobalite,  spessartite  (garnet),  hematite,  and  topaz.  The 
analysis  was  carried  through  for  quartz  and  tridymite.  The 
agreement  of  tridymite  values  is  probably  fortuitous,  since  an 
extrapolated  correction  value  over  a  rather  considerable  range  was 
used. 

The  present  method  reduces  the  number  of  synthetic  specimens 
which  must  be  employed  to  a  single  sample;  it  is,  of  course,  al- 


Table  IV. 

Partial  Analysis0  of  Rhyolite 

Ic(Io/I.) 

IC(Io/I.) 

NaCl 

Quartz 

Tridymite 

Quartz 

Tridymite 

% 

% 

% 

14.85 

0.43  X  1.87 

0.08  X  2.18 

26.8 

25.5 

19.69 

0.42  X  1.42 

0 . 08  X  1 . 55 

28.1 

25.4 

Av.  27.4 

25.5 

°  Cristobalite  content  was  not  determined,  since  the  intensity  of  the  lie 
was  too  faint  to  permit  satisfactory  measurement  on  the  patterns  obtainc 
Percentages  are  expressed  for  rhyolite  before  admixture  of  internal  standai 


ways  advisable  to  make  up  a  synthetic  sample  duplicating  the  r 
suits  of  the  analysis  after  the  analysis  is  completed,  at  least  un 
the  general  use  of  the  method  has  been  thoroughly  tested  for  ai 
particular  analysis.  This  pattern  could  be  used  to  refine  tl 
accuracy  of  the  determination. 
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Determination  of  Total  and  Combined  Sulfur  in  Butyl  Rubbc 

JOHN  REHNER,  Jr.,  and  JOSEPH  HOLOWCHAK,  Esso  Laboratories,  Standard  Oil  Development  Co.,  Elizabeth,  N.  J. 


A  procedure  is  described  for  determining  total  and  combined  sulfur 
in  Butyl  rubber  vulcanizates.  Methyl  ethyl  ketone  has  been  found 
to  be  a  satisfactory  and  inexpensive  extraction  solvent.  The  total 
sulfur  in  the  vulcanizate  and  the  combined  sulfur  remaining  after 
extraction  are  determined  as  barium  sulfate,  following  combustion 
of  the  samples  in  the  Braun-Shell  sulfur  apparatus  and  conversion  of 
the  resulting  sulfur  oxides  to  sulfate  by  means  of  an  alkaline  sodium 
hypobromite  solution.  Extractable  sulfur  may  be  determined  by 
difference. 

IN  THE  course  of  certain  polymer  studies  in  this  laboratory, 
it  became  necessary  to  determine  the  amounts  of  total  and 
combined  sulfur  in  Butyl  rubber  vulcanizates.  No  previously 
published  method  of  analysis  was  available  for  this  class  of  syn¬ 
thetic  rubbers.  It  seemed  worth  while  to  disclose  the  analytical 
procedure  described  below,  because  it  may  have  a  wider  possible 
field  of  application  than  that  for  which  it  was  originally  developed. 
Some  of  the  problems  that  may  be  studied  with  the  aid  of  this 
method  are  rate  of  vulcanization,  behavior  of  various  accelera¬ 
tors,  sulfur  blooming,  and  factory  control. 

The  numerous  methods  that  have  been  devised  for  determining 
total  and  combined  sulfur  in  natural  rubber  compositions  are 
adequately  described,  or  referred  to,  elsewhere  {2,  8,  6).  A 
commonly  used  procedure  consists  in  analyzing  the  composition 
for  total  sulfur  by  oxidation  of  the  sulfur  to  sulfate  with  such  re¬ 
agents  as  nitric  or  perchloric  acid,  followed  by  determination  of 
the  sulfate  in  the  usual  manner  by  precipitation  as  barium  sulfate. 
Free  sulfur  is  considered  to  be  completely  extractable  from  the 
vulcanizate,  exhaustive  treatment  with  acetone  being  employed 
almost  universally  for  this  purpose.  The  sulfur  in  the  acetone 
extract  is  commonly  determined  as  barium  sulfate,  after  oxida¬ 
tion  with  a  nitric  acid-bromine  mixture.  The  difference  between 
the  total  and  extractable  sulfur  values  is  regarded  as  chemically 
combined  sulfur.  No  discussion  need  be  given  here  of  the  famil¬ 
iar  complications  sometimes  introduced  by  the  presence  of  in¬ 
organic  sulfides  and  sulfates,  some  accelerators,  and  various  com¬ 
pounding  ingredients  that  contain  sulfur. 


Early  in  this  work  it  was  found  that  the  procedure  describ 
for  natural  rubber  could  not  be  applied  successfully  to  Bu 
rubber.  The  principal  reasons  for  the  difference  in  behavior  ; 
peared  to  be  twofold:  the  Butyl  rubber  compositions  are  1 
permeable  to  acetone,  and  their  stability  toward  oxidizing  agej 
exceeds  greatly  that  of  natural  rubber.  Neither  the  vulcaniza 
nor  the  acetone-extractable  materials  (which  contain  small  p 
centages  of  low-molecular  components  of  the  polymer)  could 
readily  oxidized,  even  after  protracted  treatment  with  the  1 
oxidizing  solutions.  Furthermore,  acetone  proved  to  be  a  v< 
poor  agent  for  removing  extractable  sulfur-  under  the  conditk  i 
employed  in  this  work.  It  was  found,  however,  that  the  lat  ■ 
could  be  completely  extracted  within  8  hours  by  means  of  met* 
ethyl  ketone.  This  solvent  appears  to  swell  the  Butyl  vulca 
zates  sufficiently  well  to  hasten  sulfur  diffusion  very  markec 
and  its  use  does  not  result  in  the  excessive  oxidative  depolymi 
zation  reported  by  Cheyney  (I)  for  natural  rubber.  While  i  s 
conceivable  that  the  behavior  of  acetone  might  be  satisfact ) 
in  the  method  of  hot  extraction  recommended  for  natural  rub  i 
by  the  A.S.T.M.  instead  of  standard  Soxhlet  extraction  as  u  c 
in  this  work,  it  is  believed  that  methyl  ethyl  ketone  would  s  L 
prove  to  be  a  superior  extraction  agent,  although  further  exp1  i 
ments  would  be  necessary  to  verify  this  point.  It  was  also  foi  c 
that  the  total  sulfur  in  the  original  vulcanizate,  as  well  as  f 
combined  sulfur  remaining  after  extraction  with  the  ketc? 
could  be  readily  determined  as  barium  sulfate  by  burning  < 
sample  in  a  Braun-Shell  sulfur  apparatus  (Braun  Corporati  i 
Los  Angeles,  Calif.),  the  sulfur  oxides  formed  then  being  c  i 
verted  to  sulfate  by  absorption  in  alkaline  sodium  hypobron  ■< 
solution.  Extractable  sulfur  is,  of  course,  given  by  the  differe  ■< 
between  the  total  and  the  combined  sulfur  values. 

In  view  of  the  ease  with  which  these  determinations  can  >< 
carried  out,  the  excellent  results  obtained,  and  the  low  cosibi 
methyl  ethyl  ketone,  it  was  considered  unnecessary  to  study  k 
applicability  of  other  ketones,  although  the  use  of  higher  keti  ?: 
might  enable  one  to  reduce  still  further  the  time  required  for  on- 
plete  extraction. 
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APPARATUS 

The  air-purifying  train  is  similar  to  that  described  by  Zahn  (8), 
,nd  is  composed  of  an  air  filter,  furnace,  cooler,  gas-washing 
lottles,  spray  trap,  manifold,  and  flowmeter.  The  air  filter  is 
iserted  directly  in  the  compressed  air  line.  The  air  passes  from 
his  device  into  an  electrically  heated  stainless  steel  tube  partly 
illed  with  quartz  chips  and  maintained  at  approximately  800°  C. 
Tiis  leads  to  a  water-jacketed  copper  cod  cooling  tube,  from 
,-hich  the  gas  issues  into  a  washing  bottle  containing  2%  alkaline 
odium  hypobromite  solution,  followed  by  a  similar  bottle  con- 
aining  2%  sodium  hydroxide.  The  purified  gas  then  passes 
hrough  a  spray  trap  into  a  constant-pressure  manifold,  each  out- 
;t  of  which  is  equipped  with  a  calibrated  flowmeter.  Constant 
ressure  is  maintained  on  the  manifold  by  means  of  a  mercury- 
rater  seal  equivalent  to  48  mm.  of  mercury.  The  purified  air 
hen  passes  directly  into  the  combustion  tubes  of  a  Braun-Shell 
ulfur  apparatus  (Figure  1).  The  air-purifying  train  described 
bove  can  doubtless  be  modified  and  perhaps  simplified  without 
ny  serious  sacrifice  in  efficiency,  and  thereby  be  adapted  to  more 
lodest  available  equipment. 

The  Soxhlet  extraction  apparatus  consists  of  the  standard,  all- 
lass  type,  of  a  size  sufficiently  large  to  hold  a  34  X  100  mm. 
dundum  thimble  (RA98,  coarse;  A.  H.  Thomas  Co.). 

REAGENTS  AND  SOLUTIONS 

The  acetone  and  methyl  ethyl  ketone  are  of  commercial  grade, 
ried  with,  and  distilled  from,  anhydrous  potassium  carbonate 
rior  to  use.  The  alkaline  sodium  hypobromite  solution  is  pre- 
ared  by  dissolving  112  grams  of  bromine  and  an  equal  weight  of 
jdium  hydroxide  in  2600  ml.  of  distilled  water,  and  the  resulting 
tock  solution  is  diluted  for  use  with  3  volumes  of  distilled  water. 
Ixcept  for  the  ketones,  all  chemicals  used  in  this  work  are  of  re¬ 
gent  grade,  and  all  solutions  are  prepared  with  distilled  water. 

PROCEDURE 

About  0.5  gram  of  the  rubber  sample  is  carefully  weighed  and 
at  into  2-  to  3-mm.  cubes.  In  this  range  of  subdivision  the  rate 
f  extraction  of  the  material  is  not  critical.  The  comminuted 
imple  is  placed  in  the  thimble  of  the  Soxhlet  apparatus  and  ex¬ 
acted  at  a  siphoning  rate  of  approximately  5  minutes.  When 
nvulcanized  samples  are  used,  the  cubes  cohere  after  a  short  pe- 
od  of  extraction.  This  is  successfully  prevented  by  mixing  the 
laterial  with  a  small  amount  of  20-  to  30-mesh  Ottawa  sand  that 
as  previously  been  extracted  for  24  hours  with  methyl  ethyl 
etone.  No  cohesion  of  particles  is  experienced  with  any  vul- 
inized  samples.  The  extracted  material  is  dried  in  an  air  oven 
1 100°  C.  in  order  to  remove  the  ketone  remaining  in  the  sample, 
‘his  drying  step  can  probably  be  eliminated  from  a  routine  pro¬ 
cure. 

The  sample  is  then  transferred  to  a  porcelain  combustion  boat 
Toors  No.  2)  and  placed  in  the  sulfur  apparatus.  Purified  air  is 
assed  through  the  apparatus  at  a  rate  of  2  to  3  liters  per  minute, 
ad  the  sample  is  burned  with  a  Bunsen  burner.  A  short  subse- 
uent  heating  with  a  Meker  burner  suffices  to  give  a  colorless 
?h,  the  entire  burning  operation  being  completed  within  10  to  15 
linutes.  After  passage  of  the  decomposition  products  through 
le  furnace  zone  of  the  apparatus,  the  resulting  sulfur  oxides  are 
bsorbed  in  50  ml.  of  alkaline  sodium  hypobromite  solution.  The 
bsorber  liquid  is  then  washed  into  a  400-ml.  beaker,  25  ml.  of 
r  hydrochloric  acid  are  added,  and  the  excess  bromine  is  re¬ 
moved  by  boiling.  The  solution  is  diluted  to  about  250  ml. 
ith  distilled  water,  brought  to  boiling,  10  ml.  of  10% 
arium  chloride  solution  are  added,  and  the  precipi- 
ited  barium  sulfate  is  digested  overnight  on  a  steam 
ath.  The  precipitate  is  filtered,  washed,  dried, 
ad  weighed  in  the  customary  manner.  For  de- 
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Table  I.  Properties  of  Crude  Butyl  Rubbers 


Polymer 

Butyl  1 
Butyl  2 


Intrinsic  Viscosity 
in  Diisobutylene 
at  20°  C.  U) 

1.25 

1.28 


Molecular  Weight, 
Viscosity  Average  (4) 

370,000 

385,000 


Unsaturation, 
Mole  %  17) 

0.51 

0.71 


Table  II.  Extraction  of  Sulfur  from  an  Unvulcanized  Mixture 

Methyl  Ethyl  Ketone 


Acetone 


Total 

Total 

S  Re- 

ma- 

S  re- 

ma- 

main- 

terial 

main- 

terial 

Time  of 

Total 

S  ex- 

ing  in 

ex- 

S  ex- 

ing  in 

ex- 

Extraction 

s 

tracted 

sample 

traeted 

tracted 

sample 

tracted 

Hours 

% 

% 

% 

% 

„  % 

% 

% 

5 

1.41 

0.69 

0.72 

1.4 

1.36 

0.05 

2.9 

8 

1.41 

1.00 

0.41 

1.4 

1.39 

0.02 

3.0 

16 

1.41 

1.16 

0.25 

2.1 

1.39 

0.02 

3.2 

30 

1.41 

1.23 

0.18 

2.1 

1.39 

0.02 

3.4 

50 

1.41 

1.29 

0.12 

2.1 

1.39 

0.02 

3.2 

72 

1.41 

1.37 

0.04 

2.5 

1.38 

0.03 

3.8 

TO 
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Figure  1.  Diagram  of  Braun-Shell  Sulfur  Apparatus 


termination  of  total  sulfur,  the  safiae  procedure  is  employed, 
the  extraction  step  being  omitted. 

With  samples  containing  very  small  percentages  of  sulfur,  or 
with  unvulcanized  compositions  from  which  almost  all  of  the  sul¬ 
fur  has  been  removed  by  extraction,  the  barium  sulfate  is  deter¬ 
mined  turbidimetrically  by  the  method  described  by  Zahn  (8). 

EXPERIMENTAL  RESULTS 

A  blank  ran  was  made  for  the  purpose  of  determining  the  sulfur 
contributed  by  the  reagents  and  apparatus.  The  amount  of  puri¬ 
fied  air  passed  through  the  apparatus  was  approximately  equal 
to  that  used  in  the  subsequent  rubber  analyses.  A  sulfur  blank 
of  0.005%  was  obtained. 

Two  samples  of  Butyl  rubber  were  used  in -preparing  the  com¬ 
positions  discussed  in  this  paper.  In  Table  I  are  recorded  some 
characteristic  properties  of  these  two  materials.  Blank  deter¬ 
minations  carried  out  with  samples  of  these  two  polymers  gave 
sulfur  values  of  0.010%  for  Butyl  1  and  0.008%  for  Butyl  2, 
corrected  for  the  reagent  blank. 

In  order  to  determine  the  relative  efficiencies  of  extraction  by 
acetone  and  methyl  ethyl  ketone,  a  set  of  experiments  was  car¬ 
ried  out  with  a  milled,  unvulcanized  mixture  composed  of  Butyl  1 
100  parts,  carbon  black  7.0  parts,  and  sulfur  1.5  parts.  Assuming 
no  losses  of  moisture  or  of  any  of  the  components  during  mill 
mixing,  the  calculated  sulfur  content  of  the  mixture  was  1.39%. 
Analysis  by  the  method  under  discussion  gave  values  of  1.40,  1.42, 
and  1.41.  The  comparative  behavior  of  the  two  solvents  may  be 
judged  by  the  data  given  in  Table  II;  acetone  is  not  capable  of 
removing  the  sulfur  completely  within  72  hours,  whereas  methyl 
ethyl  ketone  gives  constant  values  within  8  hours.  The  small 
percentage  of  sulfur  remaining  in  the  sample  after  exhaustive 
extraction  with  the  latter  solvent  is  believed  to  be  chemically 
combined  as  the  result  of  milling,  although  the  possibility  of  some 
combination  occurring  during  the  extraction  proc¬ 
ess  must  be  recognized.  Evidence  for  this  view  is 
presented  below,  and  independent  data  supporting 
this  conclusion  have  been  obtained  (5)  in  studies 
of  the  viscosities  of  similar  milled  mixtures.  The 
superior  swelling  characteristics  of  the  higher  ke¬ 
tone  are  reflected  in  the  data  in  Table  II  showing 
the  total  amount  of  material  extracted,  these 
values  with  methyl  ethyl  ketone  being  somewhat 
larger  than  the  corresponding  values  with  acetone. 
No  significant  amount  of  degradation  occurred 
during  extraction,  the  total  amount  of  extracted 
material  showing  only  a  slight  upward  trend  with 
extraction  time. 

Analytical  data  of  a  corresponding  nature  are 
presented  in  Table  III  for  a  routine  mixture 
based  on  the  recipe  Butyl  1  100  parts,  zinc  oxide 
2.0  parts,  carbon  black  7.0  parts,  sulfur  1.5  parts, 
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Table  III.  Extraction  of  Sulfur  from  a  Vulcanized  Mixture 

Acetone  Methyl  Ethyl  Ketone 


Time  of 

S  re- 

Material 

S  re- 

Material 

Extrac- 

Total 

S  ex- 

maining 

S  in 

ex- 

S  ex- 

maining 

S  in 

ex- 

tion 

S 

traded 

in  sample 

ash 

traded 

tracted 

in  sample 

ash 

tracted 

Hours 

% 

% 

% 

% 

% 

% 

% 

% 

% 

5 

1.70 

0.76 

0.94 

0.012 

1.1 

1.10 

0.60 

0.014 

2.2 

8 

1.70 

0.81 

0.89 

0.008 

1.7 

1.16 

0.54 

0.010 

3.0 

16 

1.70 

0.96 

0.74 

0.014 

1.8 

1.15 

0.55 

0.014 

3.2 

72 

1.70 

1.11 

0.59 

0.016 

2.4 

1.16 

0.54 

0.014 

3.4 

cure,  it  tends  to  be  greater  for  the  polymer  contain¬ 
ing  the  greater  proportion  of  chemical  unsaturation. 

In  order  to  learn  how  much  sulfur  remained  in 
the  ash  of  the  extracted  vulcanizates  of  Table  V,  the 
extracted  portions  of  composition  I  (prepared  with 
Butyl  1)  and  of  composition  II  (prepared  with 
Butyl  2)  were  washed  in  the  sulfur  apparatus  in  the 
regular  manner,  and  the  sulfur  contents  of  the  re¬ 
sidual  ash  determined.  The  results  (Table  VI) 


Table  IV.  Extractability  of  Sulfur  and  Accelerators  from 
Unvulcanized  Mixtures  with  Methyl  Ethyl  Ketone 


« 

Sulfur 

Remaining 

Time  of 

in 

Sample 

Composition 

Extraction 

Butyl  1  Butyl  2 

Hours 

% 

% 

Butyl  1001 

8 

0.05 

0.06 

Sulfur  3  J 

16 

0.05 

0.06 

Butyl 

100 

8 

0.03 

0.02 

Tetramethylthiuram  disulfide 

1 

16 

0.03 

0.02 

Butyl  1001 

8 

0.03 

0.03 

Mercaptobenzothiazole  1 ) 

16 

0.03 

0.02 

Butyl  100  ) 

Carbon  black  50  ) 

8 

0.05 

0.05 

Sulfur  1.5) 

• 

16 

0.05 

0.05 

Butyl 

100 

Carbon  black 

50 

8 

0.06 

0.07 

Tetramethylthiuram  disulfide 

1 

16 

0.07 

0.07 

Butyl  100 ) 

Carbon  black  _  50  > 

8 

0.06 

0.07 

Mercaptobenzothiazole  1 ) 

16 

0.06 

0.07 

show  that  the  amount  of  sulfur  retained  by  the 
ash  constituents  is  about  0.01%,  which  is  prac¬ 
tically  negligible  except  in  analyses  requiring  the  greatest  pos¬ 
sible  accuracy. 

SUMMARY 

Methyl  ethyl  ketone  has  been  shown  to  be  a  much  more  effec¬ 
tive  solvent  than  acetone  for  the  removal  of  extractable  sulfur 
and  certain  accelerators  from  Butyl  rubber  vulcanizates  in  a  stand¬ 
ard  Soxhlet  extraction.  The  use  of  this  extraction  agent,  to¬ 
gether  with  combustion  of  the  original  and  extracted  samples 
in  the  Braun-Shell  sulfur  apparatus,  provides  a  satisfactory  pro¬ 
cedure  for  determining  the  amounts  of  total  and  combined  sulfur 
in  Butyl  compositions. 


and  tetramethylthiuram  disulfide  1.0  part:  vulcanized  for  60 
minutes  at  152°  C.  The  total  sulfur  values  for  this  composition 
were  found  to  be  1.71,  1.69,  1.70%.  (The  calculated  sulfur  con¬ 
tent,  1.82,  is  probably  incorrect  because  of  errors  in  compounding 
or  losses  during  milling.)  Table  III  shows  that  the  extractable 
sulfur  in  the  vulcanizate  was  not  entirely  removed  after  72  hours 
of  acetone  extraction;  on  the  other  hand,  constant  values  were 
again  obtained  within  8  hours  with  methyl  ethyl  ketone.  The 
ash  analyses  show  that  roughly  0.01%  of  sulfur  remained  in  the 
ash.  It  will  be  seen  from  Table  VI  that  approximately  the  same 
percentage  of  sulfur  was  found  in  the  ash  of  a  composition  con¬ 
taining  5.0  parts  of  zinc  oxide. 

In  order  to  determine  whether  certain  common  accelerators  are 
completely  extracted  under  the  above  conditions,  experiments 
were  carried  out  with  various  unvulcanized  mixtures,  the  com¬ 
positions  of  which  are  given  in  Table  IV.  Parallel  results  are 
recorded  for  mixtures  that  had  been  prepared  with  the  two  poly¬ 
mers  described  in  Table  I.  Table  IV  shows  that  extraction  for 
8  hours  with  methyl  ethyl  ketone  is  sufficient  to  remove  virtually 
all  of  the  sulfur,  tetramethylthiuram  disulfide,  and  mercaptoben- 
zothiazole  present  in  the  compositions;  furthermore,  the  presence 
of  50  parts  of  carbon  black  does  not  cause  interference.  The 
small  percentages  of  residual  sulfur  shown  in  Table  IV  may  be 
attributed  to  chemical  combination  during  the  milling  procedure. 
The  values  for  the  mixtures  containing  the  accelerators  are  ob¬ 
served  to  be  somewhat  higher  when  carbon  black  is  present.  This 
is  readily  explained  by  the  fact  that,  on  milling,  the  batch  tempera¬ 
ture  is  increased  by  the  presence  of  the  carbon  black,  the  chemical 
combination  of  sulfur  from  the  accelerator  thereby  being  enhanced. 

The  variation  of  combined  sulfur  with  time  of  vulcanization  is 
demonstrated  by  the  data  of  Table  V  for  several  samples  contain¬ 
ing  the  two  Butyl  polymers  of  Table  I.  These  compositions  were 
prepared  mainly  for  the  purpose  of  securing  analytical  data  for  a 
few  more  or  less  representative  mixtures,  and  are  therefore  not 
to  be  construed  as  indicative  of  the  best  known  compounding 
formulas.  The  values  of  combined  sulfur  given  in  Table  V  are 
probably  somewhat  higher  than  would  be  found  normally,  since 
the  samples  were  unfortunately  allowed  to  remain  in  the  labora¬ 
tory  for  about  3  months  before  being  extracted  and  analyzed. 
The  data  of  Table  V  nevertheless  prove  that  8  hours  of  extraction 
with  methyl  ethyl  ketone  is  ample  for  the  removal  of  extractable 
sulfur  from  the  compositions  listed.  The  results  furthermore 
serve  to  show  that,  as  might  be  expected,  the  percentage  of  com¬ 
bined  sulfur  increases  with  time  of  cure;  and  for  a  given  time  of 


Table  V.  Dependence  of  Combined  Sulfur  on  Time  of  Cure  foi 
Butyl  Vulcanizates 


(Methyl  ethyl  ketone  extractions) 

Time  of 

Time 

Sulfur  Remaining 

Cure  at 

of  Ex¬ 

in  Sample 

Composition 

152°  C. 

traction 

Butyl  1 

Butyl  2 

Min. 

Hours 

% 

% 

I 

0 

8 

Sample  lost 

0.07 

Butyl  100 

0 

16 

0.05 

0.03 

Zinc  oxide 

2 

30 

8 

0.27 

0.52 

Sulfur 

1. 

5 

30 

16 

0.22 

0.50 

Tetramethylthiuram  disulfide 

1 

60 

8 

0.38 

0.71 

60 

16 

0.34 

0.67 

II 

Butyl  100 

0 

8 

0.14 

0.17 

Zinc  oxide 

5 

0 

16 

0.14 

0.14 

Sulfur 

1. 

,5 

40 

8 

0.33 

0.35 

Stearic  acid 

3 

40 

16 

0.32 

0.35 

Tetramethylthiuram  disulfide 

1 

60 

8 

0.49 

0.63 

Carbon  black 

50 

60 

16 

0.50 

0.61 

III 

Butyl  100 

0 

8 

0.14 

0.16 

Zinc  oxide 

5 

0 

16 

0.14 

0.16 

Sulfur 

3 

40 

8 

0.32 

0.30 

Stearic  acid 

3 

40 

16 

0.35 

0.30 

Tetramethylthiuram  disulfide 

1 

60 

8 

0.52 

0.63 

Carbon  black 

50 

60 

16 

0.54 

0.63 

Table  VI.  Ash  Analysis  Data  for  Several  Extracted  Vulcanizates 


Composition 

Time  of  Cure 
at  152°  C. 

Time  of 
Extraction 

S  in  Ash 

Min. 

Hours 

% 

I  (Butyl  1) 

60 

8 

0.012 

60 

16 

0.014 

II  (Butyl  2) 

60 

8 

0.012 

60 

16 

0.013 
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Determination  of  Vitamin  A  and  Carotene  in  Milk 

A  Rapid  Extraction  Procedure 

PAUL  D.  BOYER,  ROBERT  SPITZER,  CURTIS  JENSEN,  and  PAUL  H.  PHILLIPS 
College  of  Agriculture,  University  of  Wisconsin,  Madison,  Wis. 


\  rapid  procedure  for  the  extraction  and  determination  of  vitamin 
A  and  carotene  in  milk  is  described.  Two  volumes  of  milk  mixed 
vith  3  volumes  of  alcoholic  potassium  hydroxide  are  allowed  to 
land  for  3  hours  at  room  temperature.  The  mixture  is  then  ex- 
racted  twice  with  ether  and  the  vitamin  A  and  carotene  are  de- 
ermined  by  means  of  the  Carr-Price  reaction  and  with  the  aid  of  an 
:velyn  photoelectric  colorimeter. 

THE  importance  of  milk  as  a  source  of  vitamin  A  makes  a 
rapid  and  accurate  method  for  the  determination  of  vitamin 
V  and  carotene  in  milk  desirable.  Earlier  procedures  which  in¬ 
volved  butterfat  as  a  starting  material  (2,  5)  were  improved  by 
>\ilkie  (13)  and  Olson  et  al.  (11)  by  the  use  of  direct  extraction 
>rocedures  based  on  a  modification  of  the  Roese-Gottlieb  method 
1)  for  the  determination  of  fat  in  milk.  Willstaedt  and  With 
lit)  and  Chevallier  and  Manuel  (3)  used  an  ether  extraction  of 
nilk  after  incubation  for  2  days  with  aqueous  potassium  hy- 
Iroxide. 

The  method  of  Olson  et  al.  (11)  gives  satisfactory  results,  but 
equires  considerable  time.  Consequently,  an  attempt  was 
nade  to  develop  a  more  rapid  extraction  procedure.  It  was 
ound  possible  to  extract  the  vitamin  A  and  carotene  successfully 
rom  whole  milk  which  had  been  treated  with  alcoholic  potassium 
lydroxide.  The  details  of  this  extraction  procedure  and  the 
ubsequent  estimation  of  the  vitamin  A  and  carotene  with  an 
•ivelyn  photoelectric  colorimeter  are  described  herewith.  An 
bstract  of  a  method  of  Koehn  (10)  is  somewhat  similar  to  that 
[escribed  here,  but  does  not  give  details  of  the  procedure. 

REAGENTS  AND  SPECIAL  EQUIPMENT 

Potassium  Hydroxide  Solution.  Add  10  ml.  of  distilled 
vater  to  20  grams  of  potassium  hydroxide  (U.S.P.  pellets),  mix 
intil  dissolved,  and  shake  with  90  ml.  of  absolute  ethyl  alcohol. 

Antimony  Trichloride  Solution.  Rapidly  weigh  and 
ransfer  20  grams  of  antimony  trichloride,  reagent  grade,  to  a 
Town  glass-stoppered  bottle  and  add  100  ml.  of  chloroform 
U.S.P.  grade  or  better).  Solution  may  be  hastened  by  breaking 
■P  the  lumps  with  a  stirring  rod.  Filter  on  a  rapid  qualitative 
>aper  before  use. 

Acidified  Alcoholic  Wash  Solution.  Add  1  ml.  of  hydro- 
hloric  acid,  c.p.,  to  100  ml.  of  ethyl  alcohol  and  make  to  1  liter. 
Other  Reagents.  Petroleum  ether  (SkellysolveB).  Diethyl 
ther  (U.S.P.  grade  or  better);  for  exact  work  peroxide-free 
ther  should  be  used.  Chloroform,  U.S.P.  Absolute  ethyl  alco- 
ol,  aldehyde-free.  Anhydrous  sodium  sulfate,  reagent  grade, 
icetic  anhydride,  reagent  grade. 

Rapid-Delivery  Pipet  (9-ml.).  A  convenient,  rapid  delivery 
ipet  may  be  constructed  by  cutting  off  a  10-ml.  pipet,  con- 
tricting  the  tip  to  2.5-mm.  inside  diameter,  and  recalibrating 
3r  the  rapid  delivery  of  9.0  ml.  The  pipet  is  joined  to  a  three- 
vay  stopcock  for  regulation  of  filling  and  delivery  and  is  attached 
o  a  rubber  suction  bulb. 

Other  Equipment.  Evelyn  colorimeter  and  tubes,  150-  to 
00-ml.  glass-stoppered  pear-shaped  separatory  funnels,  75-ml. 
|yrex  test  tubes.  Y-tube  filled  with  rubber  stoppers  for  evapora- 
ion  of  solvents. 

PROCEDURE 

Extraction.  Thirty  milliliters  of  the  alcoholic  potassium 
ydroxide  solution  are  added  to  a  20.0-ml.  sample  of  fresh,  whole 
iilk  in  a  separatory  funnel.  The  contents  are  mixed  by  brief, 
igorous  shaking,  and  allowed  to  stand  for  3  hours.  A  yellow 
oloration  which  develops  does  not  interfere.  Then  25  ml.  of  di- 
thyl  ether  are  added  and  the  separatory  funnel  is  stoppered 
ightlv  and  shaken  vigorously  for  1  minute.  After  separation 


the  lower  layer  is  drawn  off  into  a  second  separatory  funnel. 
Any  small  amount  of  emulsified  material  is  retained.  The  resi¬ 
due  in  the  second  funnel  is  extracted  by  shaking  vigorously  for 
one  minute  with  18  to  20  ml.  of  ether.  Vapofs  formed  are  allowed 
to  escape  by  carefully  opening  the  stopcock  of  the  inverted  funnel. 
After  separation  the  lower  layer  is  discarded. 

To  the  first  separatory  funnel  75  ml.  of  distilled  water  are  added 
and  mixed  with  the  ether  extract  by  inverting  the  funnel  once. 
The  water  layer  is  drawn  off  into  the  second  separatory  funnel, 
extracted  by  shaking  vigorously  for  one  minute  with  the  ether 
already  present,  then  discarded.  The  ether  extract  in  the  first 
funnel  is  washed  by  shaking  briefly  vfith  about  10  ml.  of  the  acidi¬ 
fied  alcoholic  wash  solution.  The  wash  mixture  is  drawn  off  and 
shaken  with  the  ether  in  the  second  funnel,  then  discarded. 
Three  milliliters  of  petroleum  ether  are  added  to  each  funnel  to 
reduce  the  water  content.  The  extract  in  the  first  funnel  is 
washed  twice  more  with  10-ml.  portions  of  the  wash  mixture  and 
the  washings  are  extracted  singly  in  the  second  funnel,  then  com¬ 
bined  and  allowed  to  stand  for  15  to  20  minutes.  Any  water 
settling  out  is  carefully  removed. 

The  extract  is  then  transferred  to  a  75-ml.  Pyrex  test  tube. 
The  solvents  are  removed  by  attaching  two  such  tubes  to  a  vac¬ 
uum  pump  (equipped  with  a  water  trap)  by  means  of  a  Y-tube. 
The  vacuum  is  slowly  increased  with  continual  gentle  rotatory 
shaking  of  the  inclined  tubes  in  a  water  bath  at  30°  to  40°  C. 
until  it  is  possible  to  apply  full  vacuum  without  excessive  frothing 
of  the  sample.  Then  the  tubes  are  heated  with  continual  shaking 
in  a  bath  at  60°  to  70°  C.  until  all  solvents  are  removed  but  no 
longer.  The  tubes  are  cooled  in  a  beaker  of  cold  water,  the  vac¬ 
uum  is  released,  and  5.0  ml.  of  ether  (accurately  measured)  are 
added.  The  residue  is  dissolved  and  shaken  with  5  ml.  of  satu¬ 
rated  sodium  chloride  solution,  then  10.0  ml.  of  petroleum  ether 
(accurately  measured)  are  added,  and  the  contents  are  shaken 
vigorously.  After  standing  for  several  minutes  tho  extracts 
should  be  crystal  clear.  If  not,  the  tubes  need  to  be  shaken  again. 

Analysis.  A  10.0-ml.  aliquot  is  transferred  to  an  Evelyn 
colorimeter  tube,  and  the  total  carotenoids  are  measured  using 
the  440  filter.  Then  the  colorimeter  tube  is  attached  to  a  vacuum 
pump,  and  the  solvent  is  evaporated  as  before.  The  residue  is 
dissolved  in  1.0  ml.  of  chloroform.  A  drop  of  acetic  anhydride  is 
added  to  remove  any  traces  of  water.  The  tube  is  placed  in  the 
colorimeter,  a  shield  or  paper  towel  is  placed  over  the  colorimeter 
to  protect  it  from  the  reagent  used,  and  9.0  ml.  of  20  volumes  % 
antimony  trichloride  in  chloroform  are  added  from  a  rapid  de¬ 
livery  pipet.  The  maximum  deflection  which  occurs  using  the 
620  filter  is  measured.  For  further  details  on  the  use  of  an 
Evelyn  photoelectric  colorimeter  for  carotene  and  vitamin  A  de¬ 
terminations  the  papers  of  Kimble  (9)  and  of  Dann  and  Evelyn 
(4)  should  be  consulted. 

Calculations.  The  calculations  and  expression  of  results 
may  be  made  according  to  Kimble  (9)  or  Dann  and  Evelyn  (4). 
However,  the  authors  prefer  to  express  the  results  in  terms  of 
micrograms  on  the  basis  of  the  following  calibration  of  the 
colorimeter: 

The  carotene  readings  are  compared  to  a  standard  curve  pre¬ 
pared  by  readings  with  solutions  of  crystalline  carotene.  How¬ 
ever,  for  routine  work  a  constant  may  be  used  for  the  calculation 
of  carotene  if  the  galvanometer  readings  are  35  or  above.  The 
constant  used  in  the  authors’  work  is  Luo  X  28  =  micrograms  of 
carotene  per  10  ml.  of  Skellysolve  B. 

The  blue  color  produced  by  the  Carr-Price  reaction  follows 
Beer’s  law  (4)  and  a  constant  is  evaluated  by  standardizing  the 
colorimeter  with  pure  vitamin  A,  or  less  preferably  with  a  stand¬ 
ardized  fish  oil.  The  constant  used  in  the  present  work  is  Lem  X 
13.2  =  micrograms  of  vitamin  A  per  10.0  cc.  of  chloroform. 
Purified  vitamin  A  and  carotene  for  calibration  work  may  be 
obtained  from  Eastman  Kodak  Co.,  Rochester,  N.  Y.  For  the 
calculation  the  vitamin  A  reading  is  corrected  for  the  Carr-Price 
reaction  of  the  carotenoids,  using  the  correction  factor  of  0.14  (4). 
The  calculation  is  (Lew  —  0.14  Luo)  X  13.2  =  micrograms  of 
vitamin  A  per  10.0  ml.  of  chloroform.  For  the  dilutions  used  in 
the  above  procedure  the  micrograms  of  carotene  or  vitamin  A  per 
10.0  ml.  of  solvent  X  7.5  =  the  micrograms  per  100  ml.  of  whole 
milk. 
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Table  I.  Comparative  Analyses  of  Milk  Samples  by  Different 


Extraction  Procedures 

Method  of  Olson  et  al. 

Present  Method 

Milk  Sample  Analyzed 

Carotene 

Vitamin  A 

Carotene 

Vitamin  A 

y/100  ml. 

y f  100  ml. 

y/100  ml. 

y/100  ml. 

1  extraction  only 

Holstein,  raw 

30 

32 

28 

31 

36 

24 

34 

24 

45 

31 

36 

31 

Guernsey,  raw 

102 

27 

105 

25 

101 

32 

104 

27 

103 

22 

103 

18 

Brown  Swiss,  raw 

31 

36 

31 

30 

Jersey,  raw 

51 

28 

50 

22 

Market,  pasteurized 

41 

35 

42 

33 

36 

38 

35 

38 

19 

16 

18 

15 

Double  extraction 

procedure 

Holstein,  raw 

25 

24 

25 

23 

30 

32 

30 

32 

Guernsey,  raw" 

37 

9 

35 

9 

32 

10 

30 

10 

42 

9 

41 

9 

Brown  Swiss,  raw" 

11 

16 

12 

16 

Jersey,  raw" 

28 

21 

27 

21 

Market,  pasteurized 

22 

22 

22 

22 

41 

35 

45 

36 

36 

38 

35 

38 

“  Milk  samples  from 

cows  under 

winter  feeding  conditions.  Other 

samples  are  summer  milks. 


RESULTS 'AND  DISCUSSION 

The  principal  difficulty  encountered  in  the  development  of  the 
method  was  in  extracting  the  vitamin  A  from  the  whole  milk  to 
which  alcoholic  potassium  hydroxide  had  been  added  directly. 
Several  extractions  with  petroleum  ether  removed  only  part-  of 
the  vitamin  A  and  most  of  the  carotenoids.  Extraction  with 
ether  under  conditions  other  than  those  specified  above  would 
not  remove  all  the  vitamin  A.  The  ratio  of  alcoholic  potassium 
hydroxide  solution  and  ether  used  resulted  in  a  complete  extrac¬ 
tion.  With  this  ratio  the  first  extract  was  considerably  larger 
than  the  volume  of  ether  added  because  part  of  the  alcoholic  solu¬ 
tion  accompanied  the  ether.  The  use  of  two  separatory  funnels 
for  each  sample  allows  a  second  extraction  of  the  residue  from  the 
first  extraction  and  of  the  water  washings  with  a  minimum  of  ef¬ 
fort  and  equipment.  Extraction  of  the  water  washings  prevents 
slight  losses  of  carotene  and  vitamin  A  which  otherwise  occur. 
The  wash  mixture  of  1  to  1000  hydrochloric  acid  in  10%  alcohol 
has  been  found  to  reduce  emulsions  to  a  minimum.  It  may  be 
used  advantageously  in  other  analytical  work  on  vitamin  A  and 
carotene  where  complete  removal  of  all  fatty  acids  is  not  neces¬ 
sary.  Tests  with  saponified  and  nonsaponified  vitamin  A  con¬ 
centrate  have  shown  that  this  wash  mixture  results  in  no  destruc¬ 
tion  or  loss  of  vitamin  A  when  compared  to  water  as  a  washing 
agent. 

In  the  development  of  the  method  the  recovery  of  vitamin  A 
alcohol  added  at  various  steps  in  the  procedure  was  used  as  a  guide 
and  check.  With  the  method  described  good  recovery  (95%  or 
better)  of  vitamin  A  alcohol  added  to  the  original  milk  may  be 
obtained,  as  compared  to  the  same  amount  of  vitamin  A  added 
to  the  final  washed  extract. 

The  extraction  procedure  described  was  also  compared  to  de¬ 
terminations  on  the  same  milk  samples  with  the  extraction  pro¬ 
cedure  of  Olson,  Hegsted,  and  Peterson  {11),  except  that  the 
samples  were  saponified  in  air  instead  of  in  nitrogen  and  the 
vitamin  A  and  carotene  were  determined  on  the  washed  ether 
extract  of  the  saponified  material  with  a  photoelectric  colorimeter, 
as  described  above,  instead  of  with  a  spectrophotometer. 

The  results  of  comparative  analyses  (Table  I)  show  that  with 
a  single  ether  extraction  the  new  method  occasionally  gave  low 
results  for  vitamin  A.  Hence,  the  double  extraction  procedure 
described  above  was  used.  The  two  extraction  procedures  gave 
good  checks  with  both  pasteurized  and  raw  milks  from  cows  of 


various  breeds.  The  variation  in  the  carotene  and  vitamin  A 
content  among  breeds  and  between  summer  and  winter  milk  is 
readily  evident. 

For  the  majority  of  the  milks  analyzed  a  20-ml.  aliquot  will  give 
satisfactory  galvanometer  deflections.  Milk  from  cows  which 
receive  poor  feed  may  be  extremely  low  in  carotene  and  vitamin  A 
and  in  such  cases  it  is  advisable  to  use  a  larger  sample  of  milk  and 
concentrate  the  final  extract  for  the  determination. 

The  carotene  determination  as  given  in  the  procedure  is  a  meas¬ 
ure  of  the  total  carotenoids  in  the  milk.  The  carotenoids  in 
cow’s  milk  have  been  shown  to  be  principally  /3-carotene  {8,  12, 
14),  whereas  human  milk  may  contain  considerable  amounts  of 
other  carotenoids  {14)-  Xanthophylls  have  been  found  to  com¬ 
prise  about  20%  of  the  total  pigments  of  butter  (8).  Other  yel¬ 
low  pigments  which  do  not  have  vitamin  A  activity  may  be  pres¬ 
ent  under  certain  feeding  conditions  ( 8 ).  For  more  accurate 
determinations  of  the  /3-carotene  content  the  petroleum  ether 
may  be  freed  of  interfering  pigments  by  extraction  with  diacetone 
alcohol  (7)  or  freed  of  xanthophylls  by  extraction  with  85%  phos¬ 
phoric  acid  ( 6 )  or  by  phase  separation  with  95%  methyl  alcohol. 
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Correction 

In  the  article  entitled  “Benzoin  as  a  Fluorescent  Reagent  for  Zinc 
[Ind.  Eng.  Chem.,  Anal.  Ed.,  15,  599  (1943)]  on  page  600,  point  1 
line  7,  should  read:  Benzoin  solution,  prepared  by  dissolving  0.3  grai  i 
of  benzoin  in  100  ml.  of  hot  95%  alcohol. 

C.  E.  WhiT 


lodometric  Determination  of  lodates,  Bromates, 
or  Permanganates  in  the  Presence  of  Copper 

Determination  of  Copper  in  the  Presence  of  Oxidizing  Agents 

DAVID  N.  HUME  AND  I.  M.  KOLTHOFF,  School  of  Chemistry,  University  of  Minnesota,  Minneapolis,  Minn. 


KAPUR  and  Verma  (1)  have  described  a  method  for  the  iodo- 
metric  determination  of  iodate  in  the  presence  of  copper, 
based  upon  the  formation  of  an  unreactive  copper  pyrophosphate 
complex.  The  method  has  the  disadvantage  that,  at  the  high 
pH  necessary  for  the  formation  of  the  complex,  the  reaction 
between  iodate  and  iodide  ions  is  rather  slow.  Swift  and  Lee  (3) 
have  recently  shown  that  iodate,  bromate,  or  permanganate 
may  be  determined  in  the  presence  of  copper  by  titration  to  the 
iodine  chloride  end  point  with  standard  potassium  iodide.  The 
copper  present  can  be  determined  indirectly  by  comparing  the 
first  result  with  the  total  oxidizing  power  as  found  by  thiosulfate 
titration  of  all  the  iodine  liberated  from  excess  iodide  in  acid 
solution. 

The  authors  have  developed  methods  by  which  all  the  above 
constituents  can  be  determined,  using  only  a  single  standard 
solution  (sodium  thiosulfate)  and  the  familiar  starch-iodine  end 
point.  A  mixture  of  the  strong  oxidant  and  cupric  salt  is  treated 
vith  excess  iodide  and  acid  until  the  reaction  is  complete.  So- 
iiium  citrate  is  then  added,  forming  a  stable  complex  with  copper 
ons,  and  the  copper-iodide  reaction  reverses  quantitatively, 
rhe  iodine  equivalent  to  the  strong  oxidant  is  titrated  in  the 
usual  manner.  After  the  end  point,  excess  mineral  acid  may  be 
idded,  decomposing  the  copper  citrate  complex  and  quan¬ 
titatively  liberating  iodine  equivalent  to  the  copper.  This  iodine 
s  titrated,  giving  a  direct  determination  of  both  constituents  in 
single  sample  and  with  but  one  standard  solution. 

EXPERIMENTAL 

Preliminary  experiments  showred  that  the  cupric-iodide  reac- 
ion  was  quantitatively  reversed  by  excess  of  neutral  oxalates, 
artrates,  and  citrates.  A  slightly  soluble  complex  cupric  salt 
ieparates  from  oxalate  solutions.  Neither  oxalate  nor  tartrate 
;ave  clean-cut  reversal  of  the  copper-iodide  reaction  on  the  addi- 
ion  of  acid.  Citrate  was  found  to  be  the  most  satisfactory  re- 
igent. 

Approximately  0.  IN  stock  solutions  of  potassium  iodate,  potas¬ 
sium  permanganate,  potassium  bromate,  copper  sulfate,  and 
sodium  thiosulfate  were  used  in  the  investigation.  Titrations 
vere  performed  by  adding  nearly  the  equivalent  volume  of  re- 
ictant  by  pipet  and  the  last  milliliter  or  two  from  a  microburet, 
rhis  technique  permitted  estimation  of  the  titration  volume  to 
vithin  about  0.002  to  0.003  ml.  The  procedures  which  follow 
vere  adopted  after  much  experimentation. 

IODATE  AND  COPPER  IN  ADMIXTURE 

Determination  of  Iodate.  To  20  to  50  ml.  of  a  solution 
■ontaining  0.5  to  3  milliequivalents  of  each  constituent  add  2  ml. 
>f  6  N  acetic  acid  and  6  grams  of  potassium  iodide.  Let  stand  3 
ninutes,  add  20  ml.  of  1.0  M  sodium  citrate,  and  swirl  until  the 
solution  becomes  clear.  This  quantity  of  citrate  is  sufficient  for 
i  millimoles  of  copper.  If  the  solution  does  not  clear  com- 
iletely  of  cuprous  iodide,  more  must  be  added.  If  more  than 
milliequivalent  of  mineral  acid  is  present  in  the  original  solu- 
■ion,  it  should  be  neutralized  to  incipient  precipitation  of  copper 
iydroxide,  and  acetic  acid  added  as  in  the  regular  procedure, 
rhe  citrate  should  be  tested,  as  some  samples  were  found  to  use 
ip  iodine. 

Dilute  to  200  ml.  and  titrate  with  0.1  N  sodium  thiosulfate, 
aiding  starch  at  the  end  point.  The  color  change  is  a  sharp, 
■asily  seen  transition  from  a  deep  murky  blue  to  a  clear  light 
>lue. 

Determination  of  Copper.  To  the  solution  from  the  above 
itration,  add  12  ml.  of  6.0  N  sulfuric  or  hydrochloric  acid,  wait 
!  minutes,  and  titrate  with  thiosulfate.  Insufficient  acid  re¬ 
sults  in  an  incomplete  reaction.  Too  large  an  excess  causes 
•erious  air-oxidation  of  iodide  (catalyzed  by  copper).  Good  re¬ 
mits  are  obtained  on  adding  1  ml.  of  6.0  N  acid  for  every  2  ml. 


of  sodium  citrate  and  then  just  1  ml.  in  excess.  It  is  usually 
advantageous  to  add  a  little  more  starch  at  the  end  point.  Al¬ 
though  the  citric  acid  present  tends  to  sharpen  the  end  point 
somewhat,  the  addition  of  3  grams  of  solid  potassium  thiocyanate 
just  before  the  end  of  the  titration  is  strongly  to  be  recommended. 

Typical  results  taken  from  15  determinations  are  shown  in 
Table  I.  Swift  and  Lee  have  shown  that  the  sum  of  copper  and 
iodate  may  be  determined  very  accurately  by  iodometric  titra¬ 
tion.  This  may  be  used  as  an  alternative  method  for  the  in¬ 
direct  determination  of  copper. 


Table  I.  Titration  of  Iodine  Liberated  Equivalent  to  Iodate 
(or  Bromate)  and  Copper,  in  Mixtures3 

Na2S20a 


0.1  N 
KIO 3 

0.1  N 
KBrOa 

Na2S2Ch 

Required 

Error 

0.1  AT  CuSOi 
Taken 

Required 
for  Cu 

Error 

Ml. 

Ml. 

Ml. 

% 

Ml. 

Ml. 

% 

25.00 

29.32 

+0.03 

5.00 

4.86 

0.00 

25.00 

29.32 

+  0.03 

5.00 

4.87 

+  0.2 

10.00 

11.69 

-0.26 

25.00 

24.31 

+  0.04 

10.00 

11.70 

-0.17 

25.00 

24.31 

+0.04 

25. 00 

25.28 

-0.04 

5.00 

5.08 

-0.2 

25.00 

25.29 

0.00 

5.00 

5.09 

0.0 

25.00 

25.27 

-0.08 

25.00 

25.49 

+0.08 

25.00 

25.31 

+  0.08 

25.00 

25.47 

0.00 

°  Different  thiosulfate  solutions  were  used  in  first  and  last  four  experi¬ 
ments. 


BROMATE  AND  COPPER  IN  ADMIXTURE 

The  procedure  for  bromate  is  the  same  as  for  the  determina¬ 
tion  of  iodate  except  that  6  N  hydrochloric  acid  is  used  instead  of 
acetic  acid.  It  is  necessary  to  add  2  ml.  for  each  30  ml.  of  the 
original  sample  in  order  to  obtain  accurate  results.  Copper  is 
determined  as  before;  however,  the  hydrochloric  acid  added  for 
the  bromate  reaction  must  be  subtracted  from  the  amount  to  be 
added  to  decompose  the  copper  complex.  Typical  results  are 
shown  in  Table  I. 

It  was  found  that  in  a  phthalate  buffer  of  pH  5,  copper  reacts 
quantitatively  with  iodide  without  interference  from  bromate 
present.  This  permits  a  very  simple  determination  of  copper 
in  the  presence  of  bromate. 

To  20  to  50  ml.  of  the  neutral  sample  solution,  add  20  ml.  of  a 
0.1  M  pH  5  phthalate  buffer,  and  3  grams  of  potassium  iodide. 
Titrate  with  sodium  thiosulfate  to  a  starch  end  point,  adding 
3  grams  of  potassium  thiocyanate  just  before  the  color  change. 
If  free  acid  is  present  in  the  original  solution,  remove  it  by  drop- 
wise  addition  of  ammonia  until  precipitation  of  copper  hydroxide 
just  begins. 

The  procedure  is  accurate — for  example,  three  samples  of  20 
ml.  of  approximately  0.1  N  copper  sulfate  in  the  presence  of  10  ml. 
of  0.2  N  potassium  bromate  gave  titration  values  of  19.01,  19.00, 
and  19.00  ml.,  the  value  being  19.00  in  the  absence  of  bromate. 
The  authors  have  verified  the  observation  of  Swift  and  Lee  that 
the  sum  of  bromate  and  copper  may  accurately  be  determined 
by  iodometric  titration  in  acid  medium. 

PERMANGANATE  AND  COPPER  IN  ADMIXTURE 

The  same  procedures  may  be  used  as  in  the  iodate  and  copper 
determinations,  except  that  the  original  solution  is  acidified 
with  sulfuric  acid  and  the  presence  of  this  acid  must  be  taken 
into  account  in  the  copper  determination.  The  results  are, 
however,  0.3  to  0.5%  low  for  permanganate  and  corre¬ 
spondingly  high  for  copper — for  example,  two  mixtures  of 
20  ml.  of  0.1  N  permanganate  and  5  ml.  of  0.1  N  copper  gave 
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titration  values  of  20.79  and  20.76  ml.  (20.84  theoretical)  for  the 
permanganate  and  4.93  and  4.93  ml.  (4.86  theoretical)  for  the 
copper,  respectively.  The  sum  of  the  two,  determined  as  above 
or  directly,  is  in  good  agreement  with  the  theoretical. 

The  authors  have  investigated  the  source  of  the  error  and 
found  that,  while  neither  manganous  nor  citrate  ions  affect  the 
titer  of  an  iodine  solution,  the  two  together  cause  a  noticeable 
decrease.  A  small  amount  of  the  manganous  citrate  complex 
is  evidently  oxidized  by  iodine  to  the  manganic  complex,  which  is 
unstable  in  the  presence  of  mineral  acids.  Attempts  at  sub¬ 
stantially  increasing  the  accuracy  of  the  method  by  variation 
of  the  conditions  were  unsuccessful.  Therefore,  the  authors 
recommend  that  the  sum  of  the  two  oxidants  be  determined  (3) 
and  the  copper  estimated  in  a  separate  sample.  This  is  easily 
accomplished  if  the  permanganate  is  first  reduced  in  acid  medium 
by  dropwise  addition  of  saturated  ferrous  ammonium  sulfate 
solution  and  any  excess  of  the  latter  is  removed  by  boiling  with  a 
little  bromine  water.  Copper  is  then  determined  by  the  method 
of  Park  ( 2 ),  in  which  interference  from  iron  is  prevented  by  the 


addition  of  fluoride.  The  accuracy  of  this  procedure  is  indicated 
by  the  following  results:  Copper  was  determined  in  mixtures 
of  20  ml.  of  0.1  N  copper  sulfate  and  20  ml.  of  0.1  AT  potassium 
permanganate;  the  titration  values  were  20.17,  20.19,  and  20.16 
ml.  of  thiosulfate,  the  theoretical  being  20.19,  indicating  ar 
average  error  of  less  than  0.1%.  For  a  direct,  accurate  deter¬ 
mination  of  small  amounts  of  permanganate  in  the  presence  oi 
copper,  the  method  of  Swift  and  Lee  is  probably  the  mosl 
convenient. 
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Cupriethylene  Diamine  as  a  Solvent  for  Precise 
Determination  of  Cellulose  Viscosity 

R.  S.  HATCH,  Weyerhaeuser  Timber  Co.,  Pulp  Division,  Longview,  Wash. 


A  modification  of  the  tentative  standard  A.C.S.  method  for  the 
precise  determination  of  cellulose  viscosity  has  been  developed,  us¬ 
ing  a  new  solvent — cupriethylene  diamine. 

A  TENTATIVE  standard  method  for  determining  the 
viscosity  of  cellulose  in  cuprammonium  hydroxide  was 
presented  by  the  Committee  on  the  Viscosity  of  Cellulose, 
Division  of  Cellulose  Chemistry,  at  the  74th  Meeting  of  the 
American  Chemical  Society,  September,  1927.  This  was  to  a 
large  extent  a  composite  of  methods  which  were  in  daily  use  by 
large  manufacturers  of  cellulose  derivatives  and  was  based  upon 
the  wealth  of  experience  gained  in  the  research  and  control 
laboratories  of  these  organizations. 

The  present  paper  has  to  do  with  a  method  involving  a  new 
solvent  and  a  different  method  of  manipulation,  which  is  offered 
as  a  rapid  and  precise  method  of  measuring  cellulose  viscosity. 

That  cuprammonium  hydroxide  is  by  no  means  the  ideal  dis¬ 
persing  agent  for  the  determination  of  cellulose  viscosity  is  evi¬ 
denced  by  the  many  proposals  in  the  literature  for  the  use  of  other 
means.  A  solution  of  cupriethylene  diamine  has  been  suggested. 
This  solvent  is  easily  prepared  and  adjusted  to  constant  compo¬ 
sition,  it  may  be  stored  under  proper  conditions  at  room  tempera¬ 
ture,  and  it  shows  little  evidence  of  spontaneous  decomposition 
over  long  periods  of  time.  When  cellulose  is  dispersed  in  cupri¬ 
ethylene  diamine  solvent,  any  considerable  amount  of  atmospheric 
oxygen  during  the  preparation  of  the  dispersion  must  be  avoided, 
but  these  dispersions  are  much  less  sensitive  to  the  effects  of 
atmospheric  oxygen  than  are  dispersions  of  cellulose  in  cupram¬ 
monium  solvent.  When  cuprammonium  is  used  as  a  solvent, 
it  is  necessary  to  use  extreme  caution  to  prevent  the  degrading 
effects  of  even  minute  amounts  of  oxygen  while  bringing  about 
cellulose  dispersion.  The  tentative  A.C.S.  method  states  that 
hydrogen  or  nitrogen  must  be  especially  purified  to  free  it  from 
traces  of  oxygen. 

In  dispersions  of  cellulose  in  cupriethylene  diamine  solvent, 
ordinary  commercial  nitrogen  containing  about  0.5%  oxygen 
may  be  used  with  no  appreciable  effect,  provided  dispersion  is 
brought  about  with  reasonable  rapidity.  Furthermore,  a  cupri¬ 


ethylene  diamine  solvent  0.5  molar  in  copper  concentration  is  a 
much  more  efficient  dispersing  agent  than  any  of  the  standard 
cuprammonium  hydroxide  solvents  now  in  use. 

Strauss  and  Levy  ( 2 )  were  the  first  to  describe  the  successful 
use  of  cupriethylene  diamine  solutions  as  a  solvent  in  the  deter¬ 
mination  of  cellulose  viscosity.  They  pointed  out  the  desir¬ 
ability  of  using  0.5  molar  copper  concentrations  and  gave  cleat 
directions  for  preparing  the  solvent.  As  a  result  of  experienct 
extending  over  nearly  two  years,  several  modifications  anc 
refinements  of  their  method  have  been  worked  out  and  stand 
ardized. 

The  evolution  of  the  method  for  rapid  viscosity  determinatioi 
has  been  covered  by  the  author  ( 1 ).  This  paper  describes  mori 
fully  the  method  used  for  precise  viscosity  determination: 
where  a  high  degree  of  precision  is  required  and  gives  details  o 
the  present  rapid  method  used  as  mill  control. 

Most  of  the  work  done  in  the  author’s  research  laboratory 
has  to  do  with  wood  cellulose,  the  viscosity  of  which,  &t  l  ^ 
concentration,  is  such  that  the  time  of  fall  of  the  1/i«-inch  alu 
minum  sphere  in  the  standard  viscometer  is  between  5  and  3' 
seconds.  Under  these  conditions  there  will  be  no  appreciabl 
change  in  temperature  during  the  time  required  for  the  bai 
to  pass  between  the  two  etched  marks  and  it  is  only  necessary 
to  determine  the  temperature  immediately  after  taking  the  tim 
of  fall  of  the  sphere  and  apply  the  temperature  correction  factoi 
In  dealing  with  high-viscosity  pulps  where  the  time  of  fall  of  th 
standard  sphere  would  exceed  30  seconds,  it  is  desirable  t 
bring  the  contents  of  the  viscometer  to  25°  C.  by  means  of 
constant-temperature  water  jacket  or  to  run  viscosities  s 
lower  cellulose  concentration.  The  author  hesitates  to  appl 
the  Farrow  and  Neale  equations  for  converting  viscosities  ( 
solutions  at  lower  concentration  to  the  standard  1%  concentn  j 
tion  because  these  equations  apply  only  over  very  narrow  limit  1 
of  concentration. 

PRECISE  METHOD 

An  unpressed  sheet  of  pulp  is  air-dried  to  the  point  where  it 
in  moisture  equilibrium  with  the  air  of  the  balance  room  i| 
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which  it  is  weighed.  It  is  then  cut  into  narrow  strips  approxi¬ 
mately  0.3  X  3.0  cm.  and  the  moisture  on  the  cut-up  sample  is 
determined  in  the  usual  way,  the  balance  of  the  sample  being 
placed  in  an  air-tight  container  while  the  moisture  content  is 
being  determined.  Two  hundred  and  fifty  milligrams  of  the  pulp 
on  an  oven-dry  basis  are  weighed  and  introduced  into  the  solu¬ 
tion  bottle,  15  ml.  of  a  cupriethylene  diamine  solution  adjusted 
to  0.167  copper  molarity  are  added,  and  the  pulp  sample  is 
thoroughly  wetted  with  this  solution.  Ten  milliliters  of  the 
cupriethylene  diamine  solution,  adjusted  to  1.000  copper  molar¬ 
ity,  are  then  added,  the  air  in  the  bottle  is  swept  out  by  a  stream 
of  nitrogen,  and  the  bottle  is  capped  and  placed  in  the  shaker  for 
3  minutes.  The  rest  of  the  determination  is  carried  out  by  the 
rapid  method  which  is  used  as  mill  control. 

In  viscosity  determinations  on  cellulose  other  than  wood, 
the  cellulose  may  be  prepared  and  dried  in  any  convenient  form, 
if  it  is  not  too  dense  to  hinder  rapid  dispersion.  Linters  and 
cotton  samples  may  readily  be  dispersed,  but  with  high-viscosity 
material  several  glass  beads  should  be  introduced  into  the 
solution  bottle  to  aid  in  the  mechanical  breaking  up  of  the 
cellulose. 

The  viscometer  tube  described  in  the  previous  publication 
(. 1 )  was  designed  for  viscosity  determination  by  the  T.A.P.P.I. 
capillary  flow  method,  but  is  no  longer  used  for  mill  control 
work.  At  present,  the  author  uses  a  straight  Pyrex  tube  1  =*= 
3.005  cm.  in  internal  diameter,  open  at  both  ends  and  with  etched 
•mgs  15  or  18  cm.  apart,  depending  upon  the  conditions  of  the 
test.  One  end  of  this  tube  is  closed  with  a  rubber  stopper. 
These  tubes  are  much  more  readily  cleaned  than  those  having  a 
capillary  at  one  end. 

METHOD  FOR  RAPID  VISCOSITY  DETERMINATION 

The  following  standard  method  for  rapid  viscosity  determina¬ 
tion  is  in  daily  use  in  the  control  laboratory.  If  all  the  con¬ 
ditions  are  faithfully  followed,  a  high  degree  of  accuracy  in 
mill  control  may  be  expected.  However,  for  precise  work, 
i  sample  should  be  prepared  and  accurately  weighed  as  described 
ibove.  The  precise  modification,  if  properly  carried  out,  should 
?ive  results  which  check  within  1  %. 

Preparation  of  Cupriethylene  Diamine  Solution.  Ma- 
erials  and  equipment.  Chemically  pure  copper  sulfate  crystals, 
28%  ammonia,  20%  sodium  hydroxide  solution,  and  technical 
jrade  ethylene  diamine,  approximately  70%.  Stock  solution 
aottles,  heavy  enough  to  withstand  vacuum  obtained  with 
water  pump  and  a  pressure  of  2  pounds  per  square  inch.  These 
oottles  are  equipped  with  two-hole  rubber  stoppers  carrying 
.nlet  and  outlet  glass  tubes  equipped  with  short  lengths  of  rubber 
tubing  and  pinchclamps.  The  rubber  stoppers  are  wired  into  the 
stock  solution  bottles.  A  cylinder  of  nitrogen  with  suitable 
pressure-reducing  valve  which  will  allow  delivery  of  nitrogen  at  2 
pounds  pressure. 

Strauss  and  Levy  (£)  have  determined  the  composition  of 
mpriethylene  diamine  solution  and  caution  that  there  must  be 
no  excess  of  ethylene  diamine  exceeding  2  moles  of  ethylene 
diamine  to  1  mole  of  copper. 

Two  hundred  and  fifty  grams  of  copper  sulfate  are  dissolved 
in  approximately  2  liters  of  hot  distilled  water.  The  solution  is 
heated  to  boiling  and  sufficient  strong  ammonia  is  added  with 
violent  agitation  to  render  the  solution  faintly  alkaline  to  red 
litmus  paper  (about  117  ml.  of  strong  ammonia  are  required). 
The  bluish-green  precipitate  of  basic  copper  sulfate  is  allowed  to 
settle  and  is  washed  with  hot  distilled  water  by  decantation  until 
free  from  sulfate  ions.  This  will  require  five  or  six  washings. 
Cold  distilled  water  is  then  added  to  the  precipitate  to  bring  the 
volume  up  to  about  1.5  liters  and  to  this  slurry  are  added  850 
ml.  of  cold  20%  sodium  hydroxide  solution  while  agitating 
violently.  The  light  bluish-green  precipitate  changes  to  the 
definitely  blue  color  of  cupric  hydroxide,  and  is  then  washed  with 
cold  distilled  water  by  decantation  until  free  of  both  hydroxyl 
and  sulfate  ions. 

When  precipitating  the  original  copper  sulfate  solution  with 
ammonia,  it  is  necessary  to  have  the  solution  at  the  boiling  point 
in  order  to  get  a  precipitate  of  maximum  density  which  can  be 
rapidly  and  thoroughly  washed  by  decantation.  The  cupric 
hydroxide  prepared  from  the  original  precipitate  will  also  be 
dense  and  readily  washed  free  of  soluble  salts.  The  washed 
cupric  hydroxide  is  then  made  into  a  thick  slurry  having  a 


volume  of  approximately  500  ml.  and  transferred  to  a  1-liter 
bottle  equipped  with  a  rubber  stopper  carrying  two  glass  tubes, 
one  of  which  is  straight  and  extends  to  within  approximately 
5  cm.  of  the  bottom  of  the  bottle;  the  other  is  a  right-angle 
bend  which  extends  just  through  the  rubber  stopper.  The  stop¬ 
per  is  wired  down  and  all  the  air  over  the  slurry  in  the  bottle  is 
removed  by  exhausting  with  the  vacuum  pump  and  filling  with 
nitrogen  at  2  pounds’  pressure  three  separate  times.  After 
removal  of  all  air  a  vacuum  is  drawn  on  the  bottle  and  160  ml. 
of  70%  ethylene  diamine  are  introduced,  care  being  taken  to 
allow  no  air  to  enter.  The  reaction  between  the  cupric  hy¬ 
droxide  and  the  ethylene  diamine  evolves  considerable  heat  at 
this  point.  The  contents  of  the  bottle  are  thoroughly  shaken 
several  times  over  the  course  of  an  hour  and  the  solution  is  then 
allowed  to  stand  for  12  to  16  hours. 

From  the  stock  solution  prepared  as  above,  two  solutions  are 
prepared  for  dissolving  the  pulp  samples.  One  is  adjusted  to 
1.000  =*=  0.005  molarity  with  distilled  water  and  stored  under 
an  atmosphere  of  nitrogen.  The  second  solution  is  made  up 
from  the  stock  solution  and  distilled  water,  adjusted  to  0.167 
molarity,  and  stored  under  an  atmosphere  of  nitrogen. 

Testing  Cupriethylene  Diamine  Solution.  Materials 
required.  A  250-ml.  volumetric  flask,  25-ml.  pipet,  1.000  A 
hydrochloric  acid,  and  0.100  A  thiosulfate. 

Procedure.  After  allowing  the  cupric  hydroxide  sludge  to 
settle,  a  25-ml.  sample  of  the  supernatant  liquid  is  made  up  to 
250  ml.  A  25-ml.  aliquot  is  acidified  with  50  ml.  of  4  A  sulfuric 
acid,  approximately  3  grams  of  potassium  iodide  are  added,  and 
the  solution  is  titrated  with  0.1  If  thiosulfate  to  a  starch  end 
point.  The  milliliters  of  thiosulfate  required  multiplied  by 
0.04  equals  the  molarity  of  the  solution  in  copper. 


Figure  1 


A  second  25-ml.  aliquot  is  diluted  to  approximately  100  ml. 
with  distilled  water  and  titrated  with  1  A  hydrochloric  acid 
to  a  faint  pink  coloration,  using  2  drops  of  methyl  orange  in¬ 
dicator.  The  solution  changes  during  this  titration  from  dark 
blue  to  light  blue  and  finally  develops  a  pink  tinge.  The  pH 
of  this  end  point,  checked  from  a  large  number  of  samples,  is 
between  pH  3.2  and  3.3  as  determined  with  a  glass  electrode. 
The  milliliters  of  1  A  hydrochloric  acid  required  multiplied  by 
0.4  equals  the  alkalinity  of  the  solution  in  hydrogen-ion  equiv¬ 
alents. 

The  reactions  taking  place  in  neutralization  of  cupriethylene 
diamine  with  hydrochloric  acid  are: 

Cu(En)2(OH)2  +  2HC1  — Cu(En)2Cl2  +  2H20 
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Cu(En),Cl2  +  4HC1  — CuCl2  +  2En(HCl)2 
En  =  ethylene  diamine,  C2H4(NH2)2 

These  reactions  indicate  a  theoretical  combination  of  two 
ethylene  diamine  molecules  with  one  of  copper. 

When  an  excess  of  cupric  hydroxide  is  in  complete  equilibrium 
with  dilute  ethylene  diamine  the  actual  molar  ratio  is  1.9  moles 
of  ethylene  diamine  to  one  mole  of  copper,  according  to  the 
method  of  testing  outlined  above. 

Viscosity  tests  of  various  pulps,  using  cupriethylene  diamine 
liquors  having  higher  than  2  to  1  ratios  of  ethylene  diamine  to 
copper,  have  indicated  the  ratio  must  be  kept  below  2.00  to  1 
by  this  test  to  obtain  reproducible  viscosities.  Viscosities 
have  been  shown  to  be  too  high  by  approximately  3  to  5%  at  a 
2.1  to  1  ratio  and  25  to  30%  at  a  3  to  1  ratio. 

Calibration  of  Viscositt  Tubes.  Equipment  required. 
Viscosity  tube,  1.00  ±  0.005  cm.  inside  diameter,  30  cm.  long 
with  etched  rings  18  cm.  apart;  Vi6-inch  aluminum  balls,  plastic- 
tipped  forceps,  accurate  thermometer  reading  to  0.10°  C.  Con¬ 
stant-temperature  bath  25.00°  C.,  tube  holder  in  bath.  Fluores¬ 
cent  light.  Standard  viscosity  oil.  Stop  watch  reading  to 
0.1  second. 

The  thermometer,  preferably,  should  have  a  certified  test 
point  at  25.0°  C.  and  the  temperature  of  the  bath  during  calibra¬ 
tion  should  be  held  as  close  to  this  point  as  possible. 

Procedure.  The  tubes  are  filled  with  standard  viscosity  oil 
obtained  from  the  National  Bureau  of  Standards.  This  oil 
should  be  between  200  and  300  centipoises  at  25°  C.;  the  exact 
value  will  be  indicated  by  the  Bureau  of  Standards.  The  tubes 
are  closed  and  placed  in  the  constant-temperature  bath,  held  at 
25.00°  C.  for  at  least  an  hour  before  making  the  determinations. 
When  the  tubes  have  reached  constant  temperature,  a  tube  is 
unstoppered  and  placed  in  the  tube  holder  in  the  bath. 

The  tube  holder  must  hold  the  tubes  in  a  vertical  position, 
so  the  falling  ball  will  drop  down  the  center  of  the  tube  and  not 
approach  the  tube  wall;  otherwise  incorrect  times  of  fall  will  be 
observed. 

Using  plastic-tipped  forceps,  a  Vi6-inch  aluminum  ball  is 
carefully  dropped  in  the  center  of  the  tube  and  the  time  of  fall 
between  the  etched  lines  on  the  tube  is  determined  to  the  nearest 
0.1  second. 

The  tube  factor  is  calculated  as  follows: 

t]  =  Kt  ( D—d) 

where 

ri  =  viscosity  of  standard  oil  at  25°  C. 

K  —  tube  and  ball  constant 

t  =  time  of  fall  through  18  cm.  of  standard  oil  at  25°  C. 

D  =  density  of  aluminum  balls  =  2.805 

d  =  density  of  standard  oil  at  25°  C. 

Then : 


K  = 


v 

t{D  -d) 


t) '  =  t'K(D  -  d') 

where 


t,  (D-d  Q  1-753  7i 

t(D  -d)  t  (2.805  -  d) 


d'  =  density  of  1%  cupriethylene  diamine  cellulose  solution 
at  25°  C.  =  1.052 

t)’  =  viscosity  of  unknown  cupriethylene  diamine  cellulose 
solution 

t'  =  time  of  fall  of  aluminum  ball  in  unknown  solution 


Preparation  of  Pulp  Samples.  Equipment  required.  Cen¬ 
trifuge,  7-cm.  Buchner  funnel,  filter  paper,  2  suction  flasks, 
moisture  teller,  weighing  bottles,  desiccator,  60-ml.  flat  medicine 
bottles  with  plastic  screw  caps  and  rubber  gaskets. 

Procedure.  A  sample  of  the  pulp,  from  a  centrifuge  pad  or  a 
dried  sheet,  is  weighed  so  as  to  get  from  0.25  to  0.35  gram  of 
oven-dry  pulp.  The  sample  is  dispersed  in  approximately  1 
liter  of  water,  filtered  on  a  7-cm.  Buchner  funnel  with  filter  paper, 
and  washed  with  two  25-ml.  portions  of  acetone,  the  acetone 
being  saved  for  recovery  by  distillation. 

The  acetone-washed  pulp  is  stripped  from  the  filter  paper  and 
placed  in  a  “moisture  teller”  with  the  heat  switch  on  for  exactly 
2  minutes,  then  quickly  transferred  to  a  tared  weighing  bottle, 
and  placed  in  a  desiccator  until  it  can  be  weighed.  After  the 
pulp  weight  is  determined,  the  pulp  is  transferred  to  the  60-ml. 
flat  medicine  bottle. 


The  oven-dry  content  of  pulp  after  2  minutes’  drying  in  the 
moisture  teller  enables  one  to  calculate  the  amount  of  the  two 
reagents  necessary  for  dissolving  the  pulp  to  give  a  1.0%  solution. 


Tests  have  shown  that  when  the  above  equipment  and  method 
are  used,  the  pulp  will  be  99.5%  oven-dry. 

With  different  equipment  and  different  pulp,  the  moisture 
content  of  the  pulp,  after  it  comes  from  the  moisture  teller,  may 
vary  from  the  99.5%  oven-dry  which  the  author  has  determined. 
This  figure  must  be  determined  for  each  individual  mill  under 
actual  working  conditions. 

Solution  of  Cellulose  Sample.  Equipment  required. 
Shaker,  200  cycles  per  minute  with  a  7.5-  to  10-cm.  amplitude. 
1.00  =•=  0.005  M  cupriethylene  diamine,  solution  B.  0.167  M 
cupriethylene  diamine,  solution  A.  Two  25-ml.  pinchcock 
burets  with  side  tube.  Nitrogen  cylinder  with  reducing  valve 
to  give  2  pounds  pressure. 

A  table  of  quantities  of  solution  for  weights  of  samples  may 
be  made  up  according  to  the  oven-dry  percentage  given  by  any 
individual  moisture  teller  by  the  following  formula: 

0.6  WB  =  ml.  of  0.167  cupriethylene  diamine 
0.4  WB  —  ml.  of  1.00  cupriethylene  diamine 

where  W  =  weight  of  sample  and  B  =  %  oven-dry. 

Procedure.  Solution  A  is  added  to  the  bottle  from  a  buret, 
and  the  pulp  sample  is  thoroughly  wetted.  Then  solution  B 
is  added  from  a  second  buret,  the  bottle  is  swept  out  with  a  stream 
of  nitrogen  for  at  least  15  seconds,  and  the  cap  is  quickly  screwed 
in  place.  (The  nitrogen  is  applied  to  the  bottle  by  means 
of  a  5-mm.  glass  tube  clamped  in  a  vertical  position  with  a  rubber 
tubing  connection  from  the  upper  end  to  a  nitrogen  cylinder 
with  reducing  valve  which  gives  approximately  2  pounds  per 
square  inch  pressure.  The  60-ml.  bottle  is  swept  free  of  air  by 
raising  it  to  the  glass  tube  in  such  a  manner  that  the  lower  end 
of  the  tube  extends  just  below  the  neck,  and  the  bottle  is  slowly 
tipped  so  as  to  sweep  the  nitrogen  stream  over  the  surface  of  the 
liquid  at  all  corners  of  the  bottle.) 

The  sample  bottle  is  then  shaken  by  hand  or  machine  for 
exactly  3  minutes  to  accomplish  solution  of  the  cellulose. 

Measurement  of  Viscosity  in  Centipoises.  Equipment 
required.  Calibrated  viscosity  tubes,  Vis-inch  aluminum  balls, 
viscosity  tube  viewer  with  fluorescent  light  background.  Ther¬ 
mometer,  reading  to  0.1°  C.  Plastic-tipped  forceps  for  handling 
aluminum  balls. 

Procedure.  The  solution  is  allowed  to  stand  for  exactly  5 
minutes  to  allow  escape  of  any  large  bubbles  entrapped  during 
shaking.  Tube  is  placed  in  a  vertical  position  so  that  the  stand¬ 
ard  balls  will  not  approach  the  sides  of  the  tube  as  they  fall. 
The  time  required  for  a  Vie-inch  aluminum  ball  to  fall  between 
the  18-cm.  marks  on  the  tube  is  measured  with  a  stop  watch. 


Figure  2 
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’he  balls  may  readily  be  observed  by  placing  a  shielded  fluores- 
ent  light  behind  the  vertical  tube  holder.  More  than  one  ball 
hould  be  timed  to  assure  an  accurate  test. 

The  temperature  of  the  viscosity  solution  is  measured  to 
he  nearest  0.1°  C.  immediately  after  determining  the  falling 
>all  time.  It  is  very  important  that  the  temperature  of  the 
oom  be  relatively  stable  so  that  the  temperature  of  the  solu- 
ion  does  not  change  during  the  time  of  dropping  the  balls  and 
leasuring  the  temperature.  The  viscosity  of  the  solution  is 
etermined  by  the  following  equation: 

,og  tube  constant  +  log  seconds  fall  + 

(T  —  25°  C.)  (0.01866)  =  log  viscosity  at  25°  C. 

The  temperature  correction  is  added  above  25°  C.  and  sub- 
racted  below  25°  C. 

CONCLUSIONS 

The  author  and  his  assistants  developed  this  method  for  use 
l  controlling  the  preparation  of  pulp  to  meet  viscosity  specifica- 
10ns  of  the  Picatinny  Arsenal.  These  specifications  follow 
tie  tentative  standard  A.C.S.  method,  except  that  viscosity  is 
icpressed  in  seconds  of  fall  of  the  standard  glass  sphere  through 
0  instead  of  15  cm.,  and  for  pulp  to  be  used  in  the  manufacture 
f  smokeless  powder,  the  time  of  fall  of  the  standard  glass  sphere 
irough  20  cm.,  instead  of  centipoises,  is  used  to  express  vis- 
isity. 


Figure  1  shows  the  relationship  between  parallel  determinations 
made  by  the  tentative  standard  A.C.S.  method  using  a  2.5% 
cellulose  concentration  and  the  cupriethylene  diamine  modifica¬ 
tion  using  a  1  %  cellulose  concentration. 

Figure  2  shows  the  relationship  between  parallel  tests  made 
according  to  Picatinny  Arsenal  specifications  and  the  cupriethyl¬ 
ene  diamine  method  using  a  1  %  cellulose  concentration. 

For  very  high  viscosity  it  is  advisable  to  use  concentrations 
under  1%,  and  for  very  low  viscosity  to  use  concentrations  above 
1  %.  In  order  to  express  the  viscosities  in  terms  of  1  %  concentra¬ 
tion,  when  concentrations  above  or  below  1%  are  used,  it  is 
necessary  to  determine  the  mathematical  relationship  between 
concentration  and  viscosity.  So  far  no  universal  mathematical 
relationship  has  been  found  which  may  be  used  to  convert 
viscosities  at  concentrations  above  and  below  1  %  to  the  viscosity 
at  1  %  concentration. 
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Furfural  Solution  Temperatures  of  Hydrocarbons 

Evaluation  of  Mixed  Aniline  Point  Determination  and  Application  of  Furfural 
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Standard  Oil  Company  of  New  Jersey,  Bayonne,  N.  J. 


fie  application  of  furfural  for  the  determination  of  miscibility 
ilution  temperatures  of  petroleum  fractions  and  the  influence  of 
le  composition  of  the  60°  diluent  on  the  results  of  the  mixed 
liline  point  test  have  been  studied.  Furfural  offers  considerable 
romise,-  it  is  nontoxic  and  is  directly  applicable  to  petroleum 
actions  of  high  aromatic  content,  making  possible  elimination  of 
ixed  aniline  point  determination. 

rHE  solvency  characteristics  of  various  petroleum  fractions 
of  the  type  of  solvent  oil,  solvent  naphtha,  Diesel  fuels, 
arious  gas  oils,  etc.,  constitute  an  important  index  as  to  the 
roperties  such  products  will  display  in  use.  The  determination 
F  these  characteristics  has  been  an  important  task  of  the  petro- 
um  technologist,  and  various  methods  have  been  devised  for 
leir  evaluation.  Of  these  methods,  those  based  upon  the  mis- 
bility  solution  temperature  of  the  oil  and  a  solvent  liquid  are 
mong  the  most  important. 

The  “miscibility  solution  temperature”  is  defined  as  the 
linimum  equilibrium  solution  temperature  for  equal  volumes  of 
etroleum  product  and  solvent  liquid.  Since  the  different 
asses  of  hydrocarbons  display  different  solubilities  in  various 
>lvents,  it  is  possible  to  obtain  an  indication  of  the  nature  of  an 
il  from  its  miscibility  solution  temperature.  Of  the  various 
rpes  of  solvents  proposed  for  this  determination  aniline  (2) 
as  been  the  most  widely  used  ( 6 ).  Nitrobenzene  (7),  benzyl 
icohol  (3),  ethyl  alcohol  (4),  mixtures  of  acetone  and  amyl  ace- 
ite  (14),  and  nitromethane  ( 8 )  have  also  been  suggested  as 
)lvents  for  this  test. 

Aniline  appears  to  have  been  accepted  as  the  standard  solvent 
i  determining  miscibility  solution  temperatures  of  petroleum 
■actions;  however,  it  has  a  number  of  defects  which  make  it 
esirable  to  find  a  more  widely  acceptable  substitute.  Aniline  is 
blood  poison  and  its  fumes  are  readily  absorbed.  While  indi¬ 


vidual  response  differs,  its  high  toxicity  is  generally  admitted. 
Further,  aniline  cannot  be  used  for  the  determination  of  the  mis¬ 
cibility  temperature  of  high  aromatic  content  petroleum  fractions 
because  of  its  relatively  high  freezing  point. 

In  an  effort  to  circumvent  this  shortcoming,  the  so-called 
“mixed  aniline  point”  test  has  been  introduced  in  relatively  re¬ 
cent  years  in  this  country  as  a  mode  for  evaluating  these  ma¬ 
terials.  The  test  represents  the  minimum,  equilibrium  solution 
temperature  of  a  mixture  of  anhydrous  aniline  and  equal  volumes 
of  the  material  under  test  and  “any  naphtha  having  a  straight 
aniline  point  of  60°  C.”  (11).  It  has  become  increasingly  appar¬ 
ent  that  the  results  of  this  test  are  greatly  influenced  by  the 
chemical  composition  of  the  60°  diluent — i.e.,  by  the  aromatic- 
naphthene-paraffin  ratio.  As  a  matter  of  fact  the  test,  as  it  is 
now  carried  out,  is  completely  meaningless;  and  it  will  remain 
so  until  the  composition  of  the  60°  diluent  is  standardized  or  the 
aniline  is  replaced  by  a  reagent  of  lower  freezing  point.  This 
latter  alternative  would  eliminate  the  use  of  a  diluent  and,  hence, 
the  need  for  standardizing  it. 

The  present  paper  presents  a  study  of  the  application  of  fur¬ 
fural  for  the  determination  of  miscibility  solution  temperatures 
of  petroleum  fractions.  A  critical  study  has  been  made  of  the 
influence  of  the  composition  of  the  60°  diluent  on  the  results  of  the 
mixed  aniline  point  test. 

Manley,  McCarty,  and  Gross  (9)  in  1933  studied  the  use  of 
furfural  for  the  solvent  extraction  of  motor  oils.  They  found  it 
to  have  a  high  degree  of  selective  solvent  action  on  a  wide  variety 
of  petroleum  fractions,  to  be  stable  in  closed  systems,  possessed 
of  a  high  application  temperature  (149°  C.),  and  nonpoisonous. 
Syono  (12)  determined  the  furfural  miscibility  temperatures  of  a 
gasoline  of  53.8%  aromatic  hydrocarbon  content  at  various  ratios 
of  furfural  to  test  oil.  Trimble  (13)  recently  has  studied  the 
solvent  properties  of  furfural,  chiefly  with  inorganic  materials, 
although  he  tested  a  number  of  organic  compounds  including 
a  solvent  naphtha.  He  suggested  that  furfural  could  be  used  to 


108 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  16,  No.  ; 


Table  1.  Variation  of  Furfural  Point  with  Aromatic  Content 

Petroleum 

Furfural 

Xylene 

Xylene 

Solvent  1 

Furfural 

Point 

Vol.  % 

Ml. 

Ml. 

Ml. 

°  C. 

0 

0 

7.0 

7.0 

110.8 

10 

0.7 

6.3 

7.0 

102.3 

20 

1.4 

5.6 

7.0 

93.0 

30 

2.1 

4.9 

7.0 

83.6 

40 

2.8 

4.1 

7.0 

73.4 

50 

3.5 

3.5 

7.0 

62.0 

60 

4.2 

2.8 

7.0 

48.9 

70 

4.9 

2.1 

7.0 

32.5 

80 

5.6 

1.4 

7.0 

13.3 

90 

6.3 

0.7 

7.0 

-14.8 

Table  11.  Effect  on 

Furfural  Point  of  Varying  Vol 

ume  Ratio  of 

Furfural  to  Petroleum  Solvent  1 

Volume  Ratio 

Furfural/ 

Petroleum 

Petroleum 

Furfural 

Solvent  1 

Furfural 

Solvent  I 

Point 

Ml. 

Ml. 

°  C. 

1:4 

2.8 

11.2 

99.8 

1:3 

3.5 

10.5 

105.4 

1:2 

4.5 

9.0 

109.4 

1:1 

7.0 

7.0 

110.8 

2:1 

9.0 

4.5 

108.5 

3:1 

10.5 

3.5 

101.6 

4:1 

11.2 

2.8 

95.2 

distinguish  between  aliphatic  and  aromatic  hydrocarbons.  Dun¬ 
lop  and  Peters  ( 5 )  studied  the  thermal  stability  of  furfural  and  in 
confirmation  of  Manley  et  al.  (9)  found  that  this  material  pos¬ 
sessed  high  temperature  stability.  An  extensive  bibliographic 
survey  of  furfural  and  its  derivatives  has  been  published  (10) . 

MATERIALS 

Furfural.  This  reagent  was  secured  from  the  Eastman 
Kodak  Company  and  comprised  the  best  grade.  It  was  puri¬ 
fied  before  use  by  the  method  of  Adams  and  Vorhees  ( 1 ). 

Petroleum  Fractions.  A  set  of  petroleum  fractions  upon 
which  “aniline  points”  are  normally  determined  was  obtained 
through  the  courtesy  of  the  Standard  Inspection  Laboratory, 
Standard  Oil  Development  Company,  Bayonne,  N.  J. 

Before  use>  all  the  hydrocarbons  were  dried  by  contact  with 
anhydrous  calcium  chloride  followed  by  filtration. 


Table  III.  Effect  on  Furfural  Point  of  Varying  Volume  Ratio  of 
Furfural  to  Petroleum  Solvent  1  Plus  40%  Xylene 

Volume  Ratio  Oil  Composition 


Furfural/Test 

Oil 

Furfural 

Xylene 

Petroleum 
solvent  1 

Furfural 

Point 

Ml. 

Ml. 

Ml. 

0  C. 

1:4 

3.0 

4.8 

7.2 

45.0 

1:3 

3.75 

4.5 

6.75 

52.5 

1:2 

5.0 

4.0 

6.0 

60.6 

1:1 

7.0 

2.8 

4.2 

72.8 

2:1 

9.4 

1.9 

2.8 

76.4 

3:1 

11.25 

1.5 

2.25 

72.8 

4:1 

12.0 

1.2 

1.8 

67.5 

APPARATUS  AND  PROCEDURE 

The  apparatus  and  procedure  are  essentially  those  described 
by  Williams  and  Dean  (16)  for  the  determination  of  aniline  points. 
All  test  mixtures  were  prepared  volumetrically  by  means  of  a 
buret. 

Furfural  miscibility  temperatures  below  about  30°  C.  are  ob¬ 
tained  with  the  same  apparatus  and  procedure,  except  that  cool¬ 
ing  instead  of  heating  is  employed.  The  cooling  medium  com¬ 
prises  isopropyl  alcohol  and  dry  ice,  the  dry  ice  being  added  slowly 
to  a  point  slightly  below  immiscibility.  The  bath  is  then  allowed 
to  warm  spontaneously  to  the  point  of  miscibility  and  the  tem¬ 
perature  recorded. 

All  recorded  furfural  miscibility  temperatures  are  the  check 
results  of  three  or  more  independent  determinations  which  agreed 
to  0.2°  C. 

METHOD 

Standardization  of  Furfural.  Within  the  first  hour  after 
the  distillation  of  the  furfural  by  the  method  of  Adams  and  Vor¬ 
hees  (1),  its  temperature  of  miscibility  with  petroleum  solvent 
1  was  determined.  This  value  was  designated  as  the  “original 


furfural  point”  and  was  so  marked  on  the  furfural  supply  bottle 
Whenever  tests  were  made  on  successive  or  separate  days  th 
“furfural  point”  of  the  petroleum  solvent  1,  retained  as  standard 
was  checked  against  the  supply  of  furfural  on  each  day  tha 
determinations  were  to  be  made,  and  corrections  were  made  oi 
all  determinations  for  the  day  on  the  basis  of  the  check  test 
When  the  furfural  point  of  the  reference  petroleum  solvent 
varied  by  more  than  0.5°  C.  from  its  original  furfural  point 
the  supply  of  furfural  was  considered  unsatisfactory  and  was  no 
used  again  until  it  had  been  redistilled  and  restandardized 
Present  experience  indicates  that  the  furfural  can  be  used  ove 
several  weeks  within  the  limits  imposed. 

EXPERIMENTAL  RESULTS 

Aromatic  Content.  The  variation  of  furfural  point  wit! 
aromatic  content  was  determined  on  a  series  of  synthetic  mix 
tures  comprising  varying  volumes  of  petroleum  solvent  1  am 
xylene.  The  data  obtained  are  summarized  in  Table  I  am 
Figure  2. 


Table  IV.  Furfural  Points  of  Various  Petroleum  Fractions 


Sample 

Aniline  Point* 

°  C. 

Furfural  Point 
°  C. 

Solvent  Oil 

73.5 

110.8 

Solvent  Naphtha 

59.5 

81.0 

Transformer  Oil 

93.0 

122.8 

Heavy  Marine  Diesel 

53.0 

88.4 

Lubricating  Oil 

83.5 

120.0 

Gas  Oil 

68.0 

99.4 

Hydraulio  Oil 

89.0 

122.0 

•  Aniline  points  were  determined  by  Standard  Inspection  Laboratory 
Standard  Oil  Development  Co.,  Bayonne,  N.  J. 


Relative  Volume  Ratio  of  Furfural  to  Oil.  The  effec 
on  the  furfural  miscibility  temperatures  of  different  relatit 
volumes  of  furfural  to  test  oil  was  determined  from  the  standar 
petroleum  solvent  1  and  petroleum  solvent  1  containing  40  ^ 
by  volume  of  xylene.  The  data  obtained  are  summarized  i 
Tables  II  and  III  and  Figure  1. 

Furfural  Points  of  Various  Petroleum  Fraction 
Table  IV  summarizes  the  results  obtained  upon  a  series  of  petn 
leum  fractions.  These  fractions  represent  typical  products  upc 
which  aniline  points  are  ordinarily  determined. 

Substitution  of  Furfural  for  Mixed  Aniline  Pom 
Determination.  Table  V  summarizes  the  fist  of  petroleu 
and  aromatic  materials  used  in  the  evaluation  of  the  mix< 
aniline  point  determination.  Distillation  boiling  ranges,  a 
proximate  aromatic  contents,  and  aniline  and  furfural  poin 
are  presented  for  these  materials  where  possible. 

Table  VI  summarizes  the  data  obtained  in  determining  tl 
variation  in  mixed  aniline  point  with  composition  of  the  “61 
diluents”  which  were  prepared  by  various  combinations  of  tl 
petroleum  solvents  whose  properties  are  presented  in  Table  ' 
Table  VII  presents  a  comparison  of  the  mixed  aniline  and  furfur 
points  of  the  aromatic  petroleum  naphthas  studied  in  Table  VI 


Table  V.  List  of  Petroleum  and  Aromatic  Materials  Used  in 
Mixed  Aniline  Point  Evaluation 


Material 

Distillation 

Range 

Aromatics 

Aniline 

Point 

Furfur: 

Point 

°  C. 

Vol.  % 

°  C. 

0  C. 

Petroleum  Solvent  1 

203.0-265.0 

0 

81.8 

111.5 

Petroleum  Solvent  2 

155.0-210.0 

•  mm 

58.3 

87.2 

Petroleum  Solvent  3 

97.5-139.0 

69.0 

-30.4 

-4.1 

Petroleum  Solvent  4 

136.0-155.0 

91.5 

-61.5 

Petroleum  Solvent  5 

220.0-355.0 

0 

80.3 

113.5 

Petroleum  Solvent  6 

175.0-300.0 

5 

69.3 

98. ( 

Petroleum  Solvent  7 

175.0-275.0 

12 

63.5 

94.  f 

Petroleum  Solvent  8 

138.5-181.5 

84.  S 

-42. ( 

Petroleum  Solvent  9 

186.0-216.0 

88.0 

-18.2 

Petroleum  Solvent  10 

98.0-134.0 

45.0 

13.4 

40. 1 

Benzene,  c.P. 

80.1 

100 

Toluene,  c.P. 

109.0-111.0 

100 

-60.7 

°  Crystallization  temperature. 
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Table  VI.  Variation  in  Mixed  Aniline  Point  with  Composition  of  60°  Diluent 


- - 50/50  Blend  of  Diluent  with: - - 

Petroleum  Petroleum  Petroleum  Petroleum  Petroleum 

solvent  10  solvent  3  solvent  9  solvent  8  solvent  4  Benzene  Toluene 


- - Composition  of  60°  Diluent- 

Mixed 

Mixed 

Mixed 

Mixed 

Mixed 

Mixed 

Mixed 

liluent 

Aro- 

Aniline 

Aro- 

aniline 

Aro- 

aniline 

Aro- 

aniline 

Aro- 

aniline 

Aro- 

aniline 

Aro- 

aniline 

Aro- 

aniline 

No. 

Blend 

matic 
Vol.  % 

point 
°  C. 

matic 
Vol.  % 

point 
°  C. 

matic 
Vol.  % 

point 
°  C. 

matic 

Vol.  % 

point 
°  C. 

matic 
Vol.  % 

point 
°  C. 

matic 

Vol.  % 

point 
°  C. 

matic 
Vol.  % 

point 

°  C. 

matic 

Vol.  % 

point 
°  C. 

I 

6.7%  Petroleum  solvent  1 
93.3%  Petroleum  solvent  2 

60.1 

40.1 

25.4 

21.8 

17.6 

14.7 

10.1 

9.1 

II 

72.0%  Petroleum  solvent  1 
28.0%  Petroleum  solvent  3 

19 

60.3 

32.0 

43.4 

44.0 

28.8 

53.5 

25.7 

51.7 

23.8 

55.2 

20.1 

59.5 

15.1 

59.5 

15.9 

III 

76.0%  Petroleum  solvent  1 
24.0%  Petroleum  solvent  4 

22 

60.2 

33.5 

40.7 

45.5 

28.0 

55.0 

24.6 

53.2 

21.4 

56.7 

19.0 

61.0 

15.8 

61.0 

14.9 

IV 

6.7%  Petroleum  solvent  5 
93.3%  Petroleum  solvent  2 
73.3%  Petroleum  solvent  5 
26.7%  Petroleum  solvent  3 

60.3 

39.8 

25.7 

21.9 

17.8 

14.2 

10.0 

8.5 

V 

18 

60.0 

31.5 

42.2 

43.5 

27.2 

53.0 

25.0 

51.2 

21.2 

54.7 

18.9 

59.0 

16.1 

59.0 

14.9 

VI 

77.3%  Petroleum  solvent  5 
22.7%  Petroleum  solvent  4 

21 

59.9 

33.0 

40.0 

45.0 

28.0 

54.5 

25.2 

52.7 

22.4 

56.2 

18.2 

60.5 

17.4 

60.5 

14.3 

VII 

13.3%  Petroleum  solvent  6 
86.7%  Petroleum  solvent  2 

60.0 

39.6 

25.2 

22.0 

17.9 

14.4 

10.3 

8.6 

VIII 

26.7%  Petroleum  solvent  7 
73.3%  Petroleum  solvent  2 

60.2 

39.9 

25.1 

22.5 

18.4 

15.2 

11.2 

9.6 

IX 

94.6%  Petroleum  solvent  7 
5.4%  Petroleum  solvent  3 
96.0%  Petroleum  solvent  7 
4.0%  Petroleum  solvent  4 

15 

60.2 

30.0 

40.9 

42.1 

27.4 

51.5 

22.9 

49.8 

19.2 

53.3 

16.2 

57.5 

12.9 

57.5 

11.1 

X 

15 

60.4 

30.0 

39.6 

42.1 

26.2 

51.5 

23.2 

49.8 

19.6 

53.3 

16.6 

57.5 

13.6 

57.6 

11.4 

Maximum  variation  in  mixed  aniline  point,  ° 

C. 

3. 

8 

3. 

.7 

3. 

9 

6 

.2 

5 

.9 

7. 

4 

7 

.4 

DISCUSSION 

The  application  of  furfural  for  the  determination  of  miscibility 
ilution  temperatures  of  petroleum  fractions  appears  to  offer 
)nsiderable  promise  over  the  solvents  now  generally  employed, 
urfural  is  nontoxic,  stable  under  proper  conditions  of  storage, 
ad  applicable  to  a  wide  range  of  petroleum  fractions.  The 
oint  of  complete  miscibility  is  easily  and  readily  determinable 
/en  in  darkly  colored  petroleum  fractions. 

Aniline  is  completely  miscible  in  petroleum  fractions  con- 
lining  approximately  50%  or  more  of  aromatic  hydrocarbons. 


VOLUME  °/o  XYLENE  IN  SYNTHETIC  MIXTURE 


Table  VII.  Comparison  of  Mixed  Aniline  and  Furfural  Points  of 

Aromatic 

Petroleum 

Naphthas 

Mixed  Aniline  Point 

Furfural 

Material 

Maximum 

Minimum 

Point 

°  c. 

°  c. 

•  C. 

Petroleum  Solvent  3 

28.8 

25.1 

-4.1 

Petroleum  Solvent  4 

20.1 

14.2 

-61.3 

Petroleum  Solvent  8 

23.8 

17.6 

-42.0 

Petroleum  Solvent  9 

25.7 

21.8 

-18.2 

Petroleum  Solvent  10 

43.4 

40.0 

40.8 

Benzene 

17.4 

10.0 

Toluene 

15.9 

8.5 

-60.7* 

°  Crystallization  point. 

Table  VIII.  Effect  of  Aromaticity 


Xylene  in 
Petroleum 
Solvent  1 

Furfural  Point 

Aniline  Point 

Difference 

% 

°  c. 

°  c. 

°  c. 

0 

110.8 

79.6 

31.2 

10 

102.3 

70.6 

31.7 

20 

93.0 

61.2 

31.8 

30 

83.6 

30.6 

33.0 

40 

73.4 

40.5 

32.9 

50 

62.0 

28.9 

33.1 

For  these  materials  it  is  necessary  to  employ  the  so-called  “mixed 
aniline  point”  determination.  This  determination  becomes  a 
relatively  complex  proceeding  in  comparison  with  the  furfural 
miscibility  determination,  which  can  be  carried  out  directly. 

The  critical  study  which  has  been  made  of  the  influence  of  the 
composition  of  the  60°  diluent  on  the  results  of  the  mixed  aniline 
point  has  shown  the  extent  of  the  variation  which  can  occur  when 
using  an  unstandardized  diluent.  It  is  obvious  that  an  unlimited 
number  of  60°  diluents  can  be  prepared;  all  that  is  necessary  is 
two  hydrocarbon  fractions,  one  having  an  aniline  point  above  60° 
and  the  other  below.  On  the  other  hand,  a  direct  miscibility 
solution  temperature  can  be  determined  on  these  materials  by 
the  use  of  a  lower  freezing  point  solvent,  such  as  furfural. 

The  furfural  miscibility  temperature,  as  indicated  by  Figure  1, 
is  dependent  upon  the  relative  volumes  of  furfural  to  test  oil.  In 
this  respect  its  behavior  is  similar  to  that  of  aniline  and  other 
solvents  (15).  For  practical  determinations  of  miscibility  the 
standard  procedure  of  employing  equal  volumes  of  furfural  to 
test  oil  is  suitable. 

Variation  in  aromaticity  for  a  given  paraffinic  and  aromatic 
fraction  will  yield  differences  between  furfural  and  aniline  misci¬ 
bility  temperatures  of  fairly  constant  value  as  indicated  in  Table 
VIII. 
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The  average  difference  is  32.3.  While  it  appears  that  for 
certain  petroleum  fractions  this  difference  may  vary  over  a  much 
wider  range;  nevertheless,  it  is  interesting  to  note  that  for  the 
varied  petroleum  fractions  studied  in  Table  IV,  the  average 
difference  between  the  furfural  and  aniline  miscibility  tempera¬ 
tures  is  32.1.  The  large  variations  from  the  mean  which  are 
encountered  are  involved  with  the  composition  of  the  paraffinic 
fraction  although  work  with  pure  hydrocarbons  will  have  to  be 
carried  out  in  order  to  establish  this  point.  Work  is  in  progress 
in  that  direction  and  will  be  reported  in  a  future  paper. 

CONCLUSIONS 

The  aniline  point  method,  though  widely  used,  has  the  dis¬ 
advantage  of  using  a  toxic  reagent  and  limited  applicability  to 
low  aromatic  content  petroleum  fractions.  A  search  of  the  litera¬ 
ture  and  an  experimental  study  have  indicated  that  furfural 
offers  considerable  promise  as  a  reagent  for  the  determination  of 
miscibility  solution  temperatures.  It  is  nontoxic  and  is  directly 
applicable  to  petroleum  fractions  of  high  aromatic  content,  mak¬ 
ing  possible  the  elimination  of  the  mixed  aniline  point  deter¬ 
mination. 
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A  Color  Test  for  the  Carbonyl  Group 

FREDERICK  R.  DUKE 

Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


THE  carbonyl  group  is  usually  identified  by  reaction  with  a 
hydrazine  derivative,  the  appearance  of  the  hydrazone 
precipitate  constituting  a  positive  test  ( 2 ).  This  reaction  is 
both  sensitive  and  specific,  but  it  lacks  the  simplicity  and  rapidity 
which  are  characteristic  of  a  color  test. 

Hydroxylamine  hydrochloride  reacts  with  carbonyl  groups, 
forming  the  oxime  and  liberating  hydrochloric  acid.  If  a  suit¬ 
able  acid-base  indicator  is  added  to  the  reaction  mixture,  the 
liberation  of  hydrochloric  acid  is  accompanied  by  a  color  change; 
thus,  the  reaction  serves  as  a  color  test  for  the  carbonyl  group. 
When  combined  with  a  specific  test  for  the  aldehyde  group  ( 1 ) 
the  presence  of  ketones  can  be  established  in  the  absence  of 
aldehydes. 


REAGENTS 

Reagent  A.  Prepare  a  solution  containing  5  grams  of 
hydroxylamine  hydrochloride  per  liter  of  95%  alcohol.  To  1 
liter  of  this  solution  add  3  ml.  of  Bogen  (Coleman  and  Bell, 
Norwood,  Ohio)  or  Grammercy  (Fischer  Scientific  Co.,  .711 
Forbes  St.,  Pittsburgh,  Pa.)  universal  indicator.  If  neces¬ 
sary,  add  dropwise  sufficient  alcoholic  sodium  hydroxide  to 
change  the  color  to  a  bright  orange  (pH  3.7  to  3.9),  taking  care 
not  to  add  too  much  base.  The  reagent,  now  ready  for  use,  is 
stable  for  long  periods  of  time. 

Reagent  B.  Prepare  a  solution  of  the  indicator  by  adding 
3  ml.  of  the  latter  to  1  liter  of  95%  alcohol. 

PROCEDURE 

Place  0.5  to  1  ml.  of  Reagent  A  in  a  small  test  tube,  and  add 
a  drop,  or  a  few  crystals,  of  the  compound  to  be  tested.  A 
change  in  color  from  orange  to  red  is  a  positive  test.  If  no  pro¬ 
nounced  color  change  occurs,  heat  the  contents  of  the  test  tube 
to  boiling  and  allow  a  few  minutes  for  the  reaction  to  take  place. 

If  the  compound  is  suspected  of  being  slightly  acidic  or  basic, 
add  4  or  5  drops  to  0.5  ml.  of  Reagent  B  and  bring  to  the  color 
of  Reagent  A  by  adding  dropwise  dilute  sodium  hydroxide  or 
hydrochloric  acid.  Then  carry  out  the  test  by  adding  this 
solution  to  Reagent  A. 


EXPERIMENTAL 

The  test  was  applied  to  the  following  aldehydes  and  ketones: 


Aldehydes 

Formaldehyde 

Acetaldehyde 

Propionaldehyde 

Butyraldehyde 

Chloral 

Benzaldehyde 

Salicylaldehyde 

Vanillin 

Citral 

Citronellal 

Furfural 

Acetal 

Cinnamaldehyde 


Ketones 

Acetone 

Methyl  ethyl  ketone 

Acetophenone 

Cyclohexanone 

Biacetyl 

Pyruvic  acid 

Ethyl  acetoacetate 

Diacetone  alcohol 

Pinacolone 

Mesityl  oxide 

Benzophenone 

Benzil 

Benzoin 

Camphor 


An  immediate  change  in  color  was  shown  by  all  except  the  la: 
four  ketones;  in  these  cases,  heating  was  required.  Sugar 
quinones,  and  compoimds  such  as  the  benzoyl  benzoic  acids  fa 
to  give  a  test. 

Interferences.  No  noncarbonyl  compound  was  four 
which  gave  a  positive  test.  Because  of  buffer  action,  excessh 
amounts  of  amines  or  acids  obscure  the  test  and  must  be  sep 
rated  from  the  carbonyl  compounds. 

Sensitivity.  A  positive  test  is  obtained  with  aldehydes  wh( 
their  concentration  in  the  test  solution  is  0.01  M  to  0.02  M,  tl 
aldehydes  of  lower  molecular  weight  being  most  sensitive.  Tl 
sensitivity  to  ketones  varies  greatly  with  the  type  and  molecul 
weight,  varying  from  0.02  M  for  acetone  to  about  0.25  M  f 
benzophenone. 
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Colorimetric  Determination  of  Iron  with  Disodium 
l^-dihydroxybenzene-S^-disulfonate 
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A  new  sensitive,  stable,  and  widely  applicable  reagent  for  the 
colorimetric  determination  of  ferric  iron  is  presented.  The  nature 
of  the  reaction  and  chemical  behavior  of  the  ferric  complex  has  been 
studied  both  visually  and  spectrophotometrically.  The  reagent 
may  be  used  in  either  acid  or  alkaline  medium.  In  alkaline  solu¬ 
tion  (pH  9  to  10),  it  is  sensitive  to  one  part  of  iron  in  200,000,000 
parts  of  solution  when  observations  are  made  in  Nessler  cylinders 
(50-ml.,  tail-form);  in  acid  solution  (pH  3.5  to  4.5),  the  sensitivity 

MANY  o-dihydroxybenzene  derivatives  react  with  ferric 
iron,  resulting  in  the  formation  of  intensely  colored  com¬ 
pounds  which  may  be  used  in  the  colorimetric  determination  of 
iron  {2-5,  7,  9,  10).  This  paper  introduces  disodium-1, 2-dihy- 
droxybenzene-3, 5-disulfonate,  from  this  class  of  compounds,  as  a 
new  colorimetric  reagent  for  ferric  iron.  The  new  reagent  is 
exceedingly  sensitive  and  subject  to  remarkably  little  interference 
by  other  ions.  Ferric  iron  may  be  determined  colorimetrically 
tvith  this  reagent  in  the  presence  of  fluorides,  phosphates,  tar¬ 
trates,  citrates,  oxalates,  and  other  ions  that  normally  interfere 
seriously  with  colorimetric  iron  determinations.  The  procedure 
for  its  application  in  analysis  is  simple  and  the  results  obtained 
by  its  use  are  highly  satisfactory. 

It  was  observed  during  a  systematic  investigation  of  a  series  of 
medicinals,  for  their  color  or  precipitate  formation  with  about 
eighty  inorganic  ions,  that  “fuadin”  (fouadin),  an  antimony  com¬ 
plex  of  sodium  catechol  disulfonate,  gave  an  intense  blue  color  in 
acid  solutions  of  ferric  iron.  The  blue  color  was  found  to  change 
to  an  intense  red  when  the  solution  was  made  alkaline.  Further 
investigation  revealed  that  the  active  constituent  of  fuadin  is 
disodium-1, 2-dihydroxybenzene-3, 5-disulfonate,  one  of  the  com¬ 
pounds  from  which  fuadin  is  formed.  An  extensive  study  of  the 
reaction  of  this  compound  with  ferric  iron  showed  that  it  is  well 
suited  for  the  colorimetric  determination  of  iron.  The  iron  com¬ 
plex  is  highly  soluble  in  water  and  is  stable  to  light;  the  color  in¬ 
tensity  is  deep,  permitting  detection  of  a  very  small  amount  of 
iron;  and  the  color  reaction  is  practically  specific.  Moreover, 
the  reagent  is  colorless  in  aqueous  solution,  a  very  desirable 
property  of  colorimetric  reagents.  A  search  of  the  literature 
did  not  reveal  that  either  fuadin  or  disodium-1, 2-dihydroxy- 
benzene-3, 5-disulfonate  had  been  reported  as  a  colorimetric 
reagent  for  iron. 

APPARATUS  AND  SOLUTIONS 

Instruments.  Spectrophotometric  measurements  were  made 
with  a  Beckman  quartz  spectrophotometer,  Model  D,  using 
1-cm.  Corex  glass  transmission  cells,  at  a  spectral  band  width  of 

5m/i.  • 

All  pH  measurements  were  made  with  a  Beckman  glass  elec¬ 
trode  pH  meter,  Model  G. 

Visual  observations  were  made  in  matched  50-ml.  Nessler 
cylinders  (tail-form)  and  the  Yoe  roulette  comparator  using 
100-ml.  tubes  (160  mm.,  12). 

Acids.  Unless  otherwise  specified,  all  acids  were  concentrated 
c.p.  reagents. 

Reagent  Solution.  Sodium  catechol  disulfonate,  disodium- 
1, 2-dihydroxybenzene-3, 5-disulfonate,  was  obtained  through  the 
courtesy  of  the  Winthrop  Chemical  Company,  Inc.,  New  York, 
N.  Y.  This  salt  is  highly  soluble  in  water.  Its  aqueous  solu¬ 
tions  are  colorless  and  no  evidence  of  their  instability  on  standing 


1  Present  address,  Department  of  Chemistry,  Cornell  University,  Ithaca, 

N.Y. 


is  one  part  in  30,000,000.  The  colored  complexes  (red  in  alkaline 
medium,  blue  in  acid)  obey  Beer’s  law  over  the  useful  range  of  iron 
concentrations. 

A  variety  of  materials  has  been  analyzed  with  a  high  degree 
of  accuracy.  The  number  of  interfering  ions  is  small.  Analyses 
may  be  carried  out  in  the  presence  of  fluorides,  phosphates,  tar¬ 
trates,  citrates,  oxalates,  etc.  Procedures  are  given  for  the  use  of 
the  reagent. 

has  been  observed.  All  solutions  of  the  reagent  were  prepared  by 
dissolving  it  in  distilled  water.  Some  of  the  solutions  were  allowed 
to  stand  in  volumetric  flasks  for  more  than  3  months  and  no  dif¬ 
ference  could  be  detected  between  these  solutions  and  freshly  pre¬ 
pared  ones  in  either  appearance  or  reactivity  with  ferric  iron. 

Standard  Iron  Solution.  A  standard  solution  of  ferric  iron 
was  prepared  from  ferrous  ammonium  sulfate,  FeS04(NH4)2S04.- 
6H20,  of  reagent  quality.  A  sample  of  7.022  grams  of  the  salt 
was  dissolved  in  about  100  ml.  of  distilled  water;  5  ml.  of  sulfuric 
acid  and  1  ml.  of  bromine  were  added,  and  the  solution  was  boiled 
until  all  iron  was  oxidized  and  excess  bromine  expelled.  This 
solution  containing  1  gram  of  ferric  iron  was  made  up  to  1  liter 
for  use  as  a  stock  solution. 

Solutions  of  Diverse  Ions.  The  solutions  of  salts  used  in 
studying  the  effect  of  various  ions  on  the  color  reaction  were  pre¬ 
pared  so  that  each  milliliter  contained  0.5  mg.  of  the  desired  ion. 
All  salts  were  tested  for  the  presence  of  iron  and  if  found,  either 
a  pure  salt  was  substituted  or  the  contaminated  one  was  recrystal¬ 
lized  until  iron-free. 

Buffer  Solutions.  The  most  satisfactory  buffer  solutions  for 
color  matchings  are:  sodium  acetate-hydrochloric  acid  mixtures 
for  the  blue  complex  and  disodium  phosphate  for  the  red 
complex.  The  acetate  buffer  is  prepared  by  dissolving  136  grams 
of  sodium  acetate,  NaC2H302.3H20,  and  66.6  ml.  of  12  N  hydro¬ 
chloric  acid  in  water  and  diluting  to  2  liters.  This  solution  has  a 
pH  of  4.0.  The  phosphate  buffer  is  prepared  by  dissolving  71.6 
grams  of  disodium  phosphate,  Na2HP04.12H20,  adding  4  ml. 
of  N  sodium  hydroxide,  and  diluting  to  a  liter.  The  pH 
is  about  9.5.  A  carbonate  buffer  was  also  investigated  for 
use  with  the  red  form  of  the  iron  complex.  It  is  prepared  by 
dissolving  10  grams  of  sodium  hydrogen  carbonate  and  5  grams 
of  sodium  carbonate  in  water  and  diluting  to  1  liter.  The  pH 
is  9.8.  The  red  color  produced  by  the  iron  complex  in  the  car¬ 
bonate  buffer  matches  that  formed  in  the  phosphate  buffer  but 
no  particular  advantage  of  one  buffer  over  the  other  is  evident. 
On  long  standing,  however,  the  phosphate  buffer  maintains  a 
more  stable  color.  All  buffers  must  be  titanium-free  as  indicated 
by  a  colorless  blank  with  the  iron  reagent. 

SPECTROPHOTOMETRIC  STUDY  OF  COLOR  REACTION 

In  acid  solutions  with  a  pH  value  below  5,  the  complex  formed 
by  the  reaction  of  disodium-1, 2-dihydroxybenzene-3, 5-disulfonate 
and  ferric  iron  is  deep  blue  in  color.  If  the  blue  solution  is  made 
alkaline,  the  color  changes  sharply  to  a  violet  at  pH  5.7  to  6.5 
and  becomes  red  at  a  pH  of  7.  The  exact  mechanism  of  this  color 
change  is  not  understood  with  certainty.  It  is  believed,  however, 
in  the  light  of  evidence  obtained  in  this  investigation,  that  it  in¬ 
volves  a  change  in  the  ratio  of  the  pyrocatechol  groups  to  iron  as 
the  hydrogen-ion  concentration  is  changed. 

Considerable  investigation  has  been  carried  out  concerning  the 
composition  of  the  iron  complex  of  pyrocatechol,  an  analog  of  this 
reagent.  The  only  difference  structurally  between  pyrocatechol 
and  the  new  reagent  is  the  presence  of  two  sulfonic  acid  groups  in 
the  3,5  positions  of  the  latter.  It  is  unlikely  that  these  groups 
would  influence  the  molecular  ratio  of  combination  of  the  reagent 
with  iron.  It  has  been  reported  by  Reihlen  (5),  confirmed  by 
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Weinland  and  Walter  (11),  and  substantiated  by  Karrer  (3)  that 
the  red  iron  complex  of  pyrocatechol  is  a  tripyrocatechate  ferric 
anion  of  the  following  configuration:' 


Reihlen  also  isolated  and  analyzed  a  blue  salt  of  ferric  pyro¬ 
catechol  and  found  it  to  be  as  follows : 


This  configuration  corresponds  to  that  found  for  the  antimony 
analog,  fuadin,  as  determined  by  Schmidt  (8). 

From  these  considerations  it  would  seem  that  the  red  and  blue 
forms  of  the  complexes  of  the  new  iron  reagent  are  tri-  and  diso- 
diumsulfonate  catechates,  respectively. 

Experiments  were  conducted  to  determine  spectrophotomet- 
rically  whether  or  not  these  configurations  exist  within  the 
colored  solutions. 


Figure  1.  Effect  of  Ratio  of  Reagent  to  Iron 

I.  Red  complex,  480  m/i,  pH  9.5 

II.  Blue  complex,  620  mu,  pH  4.0 


mp 


Figure  2.  Effect  of  pH  on  Iron  Complex 


pyrocatechol  to  iron  in  the  complex  is  3  to  1  and  that  it  may  be 
represented  as  follows: 


Na03S(/Xi—Ov  / 

-oW3 


SOjNa 


Curve  II  shows  no  break  but  increases  in  a  smooth  manner 
with  increasing  amounts  of  reagent.  This,  however,  should  not 
be  taken  to  imply  that  the  blue  complex  is  of  indefinite  composi¬ 
tion  in  solution  but  rather  that  its  composition  is  not  indicated 
by  this  indirect  method  of  determining  it.  Since  there  is  no  sharp 
point  beyond  which  increasing  amounts  of  reagent  produce  nc 
further  change  in  color  intensity,  the  blue  complex  is  less  desirabk 
from  a  colorimetric  point  of  view. 

Weinland  and  Walter  (11)  isolated  the  salt  of  the  blue  comples 
of  the  pyrocatechol  analog  and  found  it  to  have  the  compositior 
[FelOCelRO^lNa.  The  blue  complex  of  the  new  reagent  if 
probably  of  similar  composition,  with  two  moles  of  sulfonatec 
pyrocatechol  combining  with  one  mole  of  iron  to  form  the  comple> 
which  behaves  as  a  singly  charged  anion. 


Two  series  of  solutions  were  prepared  in  which  the  molecular 
ratio  of  reagent  to  iron  varied  from  1:1  to  7:1.  One  series  was 
buffered  with  disodium  phosphate  at  pH  9.5;  the  other  with 
sodium  acetate-hydrochloric  acid  at  4.0.  The  absorbency  of 
these  solutions  was  measured  spectrophotometrically  at  the 
wave  lengths  of  maximum  absorbency  (—log  transmittancy) 
for  the  two  forms,  480  and  620  m^,  respectively,  for  the  red  and 
blue.  The  results  are  presented  graphically  in  Figure  1. 

Curve  I  shows  that  the  color  of  the  red  complex  does  not  in¬ 
crease  after  a  3  to  1  ratio  of  reagent  to  iron  has  been  reached. 
The  break  in  the  curve  is  sudden  at  this  point,  indicating  that  in 
solution  as  well  as  in  the  solid  form  the  ratio  of  the  sulfonated 


SPECTROPHOTOMETRIC  STUDY  OF  EFFECT  OF  pH  ON  COLORED 
COMPLEXES 

Variations  in  hydrogen-ion  concentration  affect  both  the  in 
tensity  and  hue  of  the  color  produced  by  the  new  reagent  at  pT 
values  below  8.5.  Three  distinct  colors  exist  within  this  pi 
region.  Below  pH  5.7  the  solution  is  blue,  between  5.7  and  7  it  i; 
deep  violet,  and  above  7  an  intense  red.  This  polychromatic 
property  may  be  applied  in  analysis  to  match  aliquot  parts  of  i 
given  sample  to  a  red  (pH  9.0  to  10.0),  violet  (pH  5.7  to  6.5),  o 
blue  (pH  3.5  to  4.5)  standard  by  the  use  of  suitable  buffers  ti 
maintain  the  pH  within  the  range  desired.  By  utilizing  thi 
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iroperty,  errors  due  to  color  blindness  or  color  fatigue  may  be 
educed.  For  instance,  if  the  eyes  of  the  observer  are  not  so 
ensitive  to  color  differences  in  the  red  as  they  are  in  the  blue  or 
dolet,  or  vice  versa,  standards  may  be  buffered  to  the  color  in 
rhich  differences  are  most  easily  detected. 

Spectrophotometric  measurements  were  made  on  a  series  of 
olutions  containing  10  p.p.m.  of  iron  and  varying  in  pH  from 
LOO  to  9.36.  Absorbency  measurements  were  made  at  10  m^ 
ntervals  from  350  to  675  m/u.  The  absorbency  ( —log  of  trans- 
nittancy)  vs.  wave-length  curves  are  shown  in  Figure  2.  The 
:urves  for  the  solutions  of  pH  4.00  to  4.93  represent  a  blue  color; 
rom  5.65  to  6.88,  violet;  and  from  7.20  to  9.36,  red.  The  sudden 
ihift  in  the  wave  length  of  the  absorbency  maxima  occurring 
ust  above  a  pH  of  5.65  represents  the  sudden  change  in  color  from 
due  to  violet.  ■  At  an  approximate  pH  of  7  the  solution  becomes 
•ed.  The  change  in  the  wave  length  of  the  maxima  of  absorbency 
s  represented  graphically  in  Figure  3.  Four  of  the  values  shown 
pH  5.80,  6.08,  6.34,  6.65)  were  omitted  from  Figure  2  to  avoid 
iongestion. 

The  abruptness  with  which  these  shifts  in  the  position  of  maxi- 
nnm  absorbency  occur  strongly  indicates  a  definite  change  in  the 
nolecular  structure  of  the  colored  complexes  at  the  points  where 
;he  shifts  occur.  If  there  were  only  two  complexes  and  the 
dolet  color  resulted  from  a  mixture  of  the  red  and  the  blue,  one 
vould  expect  a  gradual  color  transition.  But  with  increasing  pH, 
he  blue  changes  abruptly  to  violet;  the  color  remains  violet  over 
ibout  2  pH  units,  and  then  changes  to  red.  Since  the  blue  com- 
Dound  is  believed  to  be  an  inner  complex  singly  charged  anion 
md  the  red  compound  a  triply  charged  anion,  it  is  possible  that 
Detween  the  two,  a  doubly  charged  inner  complex  anion  exists 
n’ith  a  violet  color. 

As  a  result  of  these  spectrophotometric  studies  it  is  believed 
that  the  three  colors,  observed  with  varying  pH  values,  are  the 
result  of  the  formation  of  three  iron-pyrocatechol  disulfonate 
lomplexes  with  the  following  configurations: 


These  studies  further  show  that  the  new  reagent  has  its  great¬ 
est  sensitivity — i.e.,  highest  value  of  maximum  absorbency — in 
the  red  complex.  Increases  in  pH  value  above  9.5  do  not  further 
increase  the  absorbency  or  change  the  position  of  its  maximum 
with  respect  to  wave  length. 

The  possibility  of  using  the  iron  complex  as  a  pH  or  redox 
indicator  has  been  investigated.  It  has  no  value  as  a  redox  indi¬ 
cator;  however,  the  change  in  color  with  change  in  hydrogen-ion 
concentration  suggests  its  use  as  a  pH  indicator.  With  increasing 
pH,  there  is  a  sharp  change  from  blue  to  violet  at  pH  5.7;  but 
the  change  from  violet  to  red  is  not  sufficiently  sharp  for  end¬ 
point  determination  in  acid-base  titrations.  Mixtures  of  car¬ 
bonates  and  bicarbonates  may  be  analyzed  by  using  the  complex 
in  place  of  a  double  indicator,  but  the  results  are  only  roughly 
quantitative. 

BEER'S  LAW  APPLIED  TO  NEW  IRON  COMPLEXES 

Beer’s  law  is  valid  for  both  the  red  and  blue  complexes  at  the 
wave  lengths  of  maximum  absorbency.  The  violet  complex  was 
not  tried,  owing  to  failure  to  find  a  satisfactory  buffer  for  it. 
[Spectrophotometric  measurements  were  made  using  1-cm. 
transmission  cells  over  a  concentration  range  of  0.2  to  10 
p.p.m.  of  iron.  Neither  the  red  nor  the  blue  complex  shows  any 
deviation  from  Beer’s  law  within  this  range.] 

SENSITIVITY  OF  REACTION 

The  limit  of  sensitivity  of  the  red  complex  is  the  detection  of 
1  part  of  iron  in  200,000,000  parts  of  solution,  when  observation  is 
made  in  either  50-ml.  tail-form  Nessler  cylinders  or  the  Yoe 
roulette  comparator.  Most  colorimetric  reagents  for  ferric  iron 
have  sensitivity  limits  in  the  range  of  1  part  in  10,000,000  to 
30,000,000  under  the  most  favorable  conditions.  The  limit  of 
sensitivity  was  established  in  the  following  way: 

Solutions  containing  1  part  of  iron  in  50,000,000,  100,000,000, 
and  200,000,000  parts  of  solution,  respectively,  were  prepared  by 
adding  0.5  ml.  of  reagent  solution  (0.113  gram  per  100  ml.)  to 
2.00,  1.00,  and  0.50  ml.  of  a  solution  containing  0.001  mg.  of  iron 
per  ml.  and  diluting  to  a  total  volume  of  100  ml.  with  a  sodium 
carbonate-bicarbonate  buffer  of  pH  9.5.  In  Nessler  cylinders 
it  was  possible  to  determine  correctly  the  respective  order  of 
concentration  and  definitely  distinguish  the  solution  containing 
1  part  of  iron  in  200,000,000  from  a  blank. 

The  limiting  sensitivity  of  the  blue  complex  was  determined 
in  the  same  manner  and  found  to  be  1  part  of  iron  in  30,000,000 
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parts  of  solution.  When  potassium  hydrogen  phthalate  is  used 
as  a  buffer  (pH  4.0),  the  sensitivity  is  decreased  to  1  part 
in  20,000,000. 

Optimum  concentrations  for  visual  study  of  the  red  complex 
are  within  the  range  of  0.05  to  2  p.p.m.  of  iron.  The  region  of 
greatest  sensitivity  between  fixed  small  increments  is  in  the  range 
of  0.08  to  0.12  p.p.m.  of  iron.  Within  this  range,  solutions  dif¬ 
fering  from  each  other  by  1  part  of  iron  in  100,000,000  may  be 
identified  with  certainty.  At  concentrations  in  the  neighborhood 
of  1  p.p.m.,  the  color  intensity  of  the  red  complex  prevents  de¬ 
tection  of  differences  greater  than  1  part  in  50,000,000. 

Increments  differing  by  1  p.p.m.  of  iron  may  be  detected  by 
the  blue  complex.  Since  the  intensity  of  the  blue  is  less  than  that 
of  the  red,  the  optimum  range  for  the  detection  of  small  incre¬ 
ments  lies  between  0.6  and  1  p.p.m.  The  sensitivity  is  greater 
with  sodium  acetate-hydrochloric  acid  buffers  than  with  potas¬ 
sium  hydrogen  phthalate. 

SPOT-PLATE  SENSITIVITY 

Spot-plate  sensitivity  tests  were  made  by  transferring  0.05  ml. 
of  standard  iron  solution  to  a  depression  in  a  white  porcelain  spot 
plate,  adding  0.05  ml.  of  reagent  solution  (0.0036  M)  and  finally 
0.05  ml.  of  buffer  solution.  Tests  were  made  with  both  the  red 
and  blue  complexes  by  using  disodium  phosphate  and  sodium 
acetate-hydrochloric  acid  buffers,  respectively.  Blanks  were 
prepared  by  adding  buffer  solutions  to  the  reagent  alone. 

One  drop  of  solutions  containing  1  p.p.m.  of  iron  gave  tests 
which  could  be  distinguished  from  blanks  with  certainty,  for 
both  the  red  and  blue  complexes.  This  represents  the  detection 
of  0.05  microgram  of  iron.  The  limit  of  sensitivity  on  the  spot 
plate  is  the  same  for  either  complex,  red  or  blue. 

PERMANENCY  OF  STANDARDS 

The  color  intensity  of  both  the  red  and  blue  complexes  in¬ 
creases  slightly  for  the  first  18  hours  (about  5%  transmittancy  at 
the  wave  lengths  of  maximum  absorbency),  after  which  time 
it  remains  constant  for  many  months.  Solutions  of  the  colored 
complexes  have  been  kept  in  stoppered  tubes  in  the  diffuse  light 
of  the  laboratory  for  2  years.  These  solutions  showed  no  change 
in  intensity  when  compared  visually  with  freshly  prepared  solu¬ 
tions  that  stood  for  18  hours.  Since  there  is  a  slight  change  in 
the  intensity  during  the  first  18  hours,  it  is  best  to  prepare  fresh 
standards  daily  for  precise  work.  The  preparation  of  standards 
is  so  simple  that  artificial  color  standards  offer  little  or  no  ad¬ 
vantage. 


EFFECT  OF  DIVERSE  IONS 

Reactions  with  Vabiotts  Ions.  Tests  were  made  on  spot 
plates  by  adding  a  drop  of  reagent  to  a  drop  of  the  solution  con¬ 
taining  the  respective  ions  (approximately  0.05  mg.).  Acid, 
alkaline,  and  neutral  media  were  used  where  feasible.  No  color 
or  precipitate  formation  was  observed  with  any  of  the  following 
69  ions: 


A1+++,  As  +  +  +,  As04  ,  B407— ,  Ba++,  Be++,  Bi+++,  Br” 
C03  ,  Ca  +  +,  Cb04  ,  Cd  +  +,  Ce  +++,  CD,  Co++,  Cr  +  +  +, 

Cs+,  Dy +++,  Er+++,  Eu  +  +  +,  F~,  Fe++,  Ga+++,  Gd  +++, 
Ge  +  +  +  +,  HfO  ++,  Hg+,  Hg  +  +,  I",  In  +++,  Ir++++,  K+,  La  +  ++, 
Li+,  Mg  +  +,  Mn  ++,  N02-,  N03~,  Na+,  Nd  +  +  +,  HP04— ,  Pb  +  +, 
Pd++,  Pr+~+,  PtCl6  ,  Rb+,  Re04-,  Rh+++,  Ru  +++,  S“, 
S04 — ,  Sb  +++’,  Sc+++,  Se03  ,  Si03— ,  Sm  +  +  +,  Sn  +  +,  Sn  +  +  +  +, 
Sr++,  Ta04  ,  Te04— ,  Th  +  -  ++,  T1  +++,  Tm  +  +  +,  WO,”, 
Y+++,  Yb  +  +  +,  Zn  +  +,  ZrO++. 


The  following  ions  produce  colored  solutions  with  the  reagent: 
Fe+  +  +  (blue  or  red  depending  on  the  pH),  Mo04  (yellow), 
Os03--  (yellow),  Cu++  (greenish  yellow  in  alkaline  solution), 
U02++  (yellow),  VO+  (purple  color  which  fades  to  colorless 
within  15  minutes),  and  Ti+  +++  (an  intense  yellow  solution). 
Ag+  and  AuCLr  are  reduced  by  the  reagent  to  the  metal.  A 
total  of  78  ions  was  tested  but  only  7  produce  colored  solutions; 


of  these,  the  reaction  with  titanium  is  the  most  intense.  Ferri< 
iron  is  the  only  element  which  produces  either  a  blue  or  red  solu¬ 
tion  under  any  conditions. 

Determination  of  Iron  in  the  Presence  of  Other  Ions 
In  measuring  the  effect  of  diverse  ions,  a  standard  solution  of  th< 
ion  in  question  was  added  to  0.05  mg.  of  iron,  1  ml.  of  reageni 
solution  (0.0075  M)  introduced,  the  solution  diluted  to  50  ml 
(Nessler  cylinder,  tail-form)  with  a  buffer,  and  visual  observation: 
were  made  to  match  the  solution  with  a  standard  of  the  same 
concentration  of  iron.  The  results  are  recorded  in  Table  I. 


Table  1.  Effect  of  Diverse  Ions 

Amount 

Ion 

Added  as 

Present 

P.p.m. 

Remarks 

AI  +  +  + 

Al(N03)a 

>  5 

RX,  BX 

<  5 

R,  B 

Be  *  + 

BeCh 

>100 

R,  B 

b4o7-- 

Na2B4C>7 

>  0.5 

R,  BX 

Ca  +  + 

Ca(N03)2 

>  10 

R  (if  pptd.  Ca  ii 

filtered),  B 

<  10 

R,  B 

Co** 

Co(N03)2 

>  25 

RX,  B 

<  25 

R,  B 

Ct** 

Cr(NOa)3 

>  10 

RX,  BX 

<  10 

R,  B  (if  done 

quickly) 

Cr2Ch  -  - 

K2Cr207 

>  1 

RX,  BX 

<  1 

RX,  B 

Cu  +  + 

Cu(N03)2 

>  1 

RX,  BX 

<  1 

R,  B 

F- 

KF 

>100 

R,  BX 

<100 

R,  BX 

Fe'1'’' 

FeS04(NH4)2S0i 

>  50 

R,  B 

Mg  +  + 

MgSO, 

>  50 

R  (if  pptd.  Mg  i 

filtered), B 

<  50 

R,  B 

Mn  +  + 

MnCh 

>100 

R  (if  pptd.  Mn  i 

filtered), B 

<100 

R,  B  (if  done 

quickly) 

NH, + 

NH4C1 

>1000 

RX,  BX 

<1000 

R,  B 

Ni  +  + 

Ni(N03)2 

>  25 

RX,  BX 

<  25 

RX,  B 

<  10 

R,  B 

po4  — 

Na3PO, 

>100 

R,  B 

SiOs - 

Nta2Si03 

>100 

R,  B 

Sn  +  + 

SnCl2 

>  1 

RX,  BX 

<  1 

R,  B 

sn ++ ++ 

SnCl4 

>  1 

RX,  BX 

<  1 

R,  B 

Ti  + +  +  + 

TiCb 

>  0.01 

RX,  B 

ZrO  +  + 

Zr(N03)4 

>  5 

R,  B 

Phthalate 

Potassium  hydrogen 

>  5 

R,  B 

phthalate 

Citrate 

Citric  acid 

>  5 

R,  BX 

Maleic 

Maleic  acid 

>  5 

R,  B 

Oxalate 

Oxalic  acid 

>  5 

R,  BX 

Tartrate 

Tartaric  acid 

>  5 

R,  BX 

Key  to  symbols:  R  =  red  matches,  B 

=  blue  matches,  RX  =  red  doei 

not  match,  BX  =  blue  does  not  match. 


These  studies  show  that  there  are  relatively  few  ions  whicl 
cause  interference  in  the  color  reaction  and  none  which  canno 
be  removed  by  ordinary  procedures  of  analysis.  Of  the  sever 
ions  which  form  colored  solutions  with  the  reagent,  only  two  o: 
three — titanium,  copper,  and  possibly  molybdenum — are  likel] 
to  be  present  in  materials  in  which  iron  is  determined  colori 
metrically.  All  are  easily  separated  from  iron  by  means  of  hy 
drogen  sulfide.  In  substances  such  as  glasses,  glass  sands,  rocks 
and  clays,  titanium  is  apt  to  be  present  with  iron.  If  the  amoun 
of  titanium  is  known,  iron  may  be  determined  in  its  presence  sim 
ply  by  adding  the  corresponding  quantity  of  titanium  to  th< 
standards.  If  the  titanium  content  is  not  known,  it  may  b< 
separated  from  iron  by  precipitating  the  latter  with  ammoniun 
sulfide  in  the  presence  of  tartrate  ( 1 ). 

The  color  intensity  of  the  titanium  complex  is  very  grea 
(bright  lemon  yellow)  and  should  be  useful  for  the  colorimetri* 
determination  of  titanium.  Preliminary  experiments  indicatf 
that  the  sensitivity  of  the  titanium  reaction  is  about  1  part  o 
titanium  in  200,000,000  parts  of  solution.  Apparently  the  colo; 
is  not  affected  by  changes  in  pH.  A  complete  study  of  this  reac 
tion  is  in  progress. 
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OPTIMUM  EXPERIMENTAL  CONDITIONS 

The  use  of  disodlum-l,2-dihydroxybenzehe-3, 5-disulfonate  in 
e  colorimetric  determination  of  iron  requires  no  unusual  de- 
rture  from  standard  colorimetric  procedures.  The  reagent 
Is  the  important  advantage  of  being  colorless  and  highly  soluble 
water.  Excess  of  the  reagent  produces  no  change  in  the  color 
[  the  complex.  By  utilizing  the  red  complex,  which  is  com- 
ptely  stable  in  alkaline  solution,  iron  may  be  determined  in  the 
psence  of  large  amounts  of  fluoride,  tartrate,  oxalate,  citrate, 
c  phosphate.  This  is  impossible  with  most  colorimetric  reagents 
[•  iron.  The  interference  encountered  with  some  ions,  such  as 
(anium  and  copper,  is  typical  for  the  general  class  of  o-dihy- 
pxybenzene  and  o-hydroxycarboxybenzene  colorimetric  iron 


ngents. 


Table  II.  Determination  of  Iron 


FesOs, 

N.B.S. 

FezOs 

iaiple 

Material 

Value 

Found 

Difference 

% 

% 

% 

1 

N.B.S.  feldspar.  No.  70 

0.03 

0.04 

+  0.01 

2 

0.04 

+  0.01 

3 

N.B.S.  fluorspar,  No.  79 

0.15 

0.16 

+  0.01 

4 

0.15 

0.00 

5 

N.B.S.  glass  sand,  No.  81 

0.073 

0.073° 

0.000 

6 

0.076° 

+  0.003 

7 

N.B.S.  dolomite.  No.  88 

0.084 

0.087 

+  0.003 

g 

0.085 

+  0.001 

9 

N.B.S.  silica  brick,  No.  102 

0.66 

0.70 

+  0.04 

10 

0.70 

+  0.04 

11 

N.B.S.  soda-lime  glass,  No.  128 

0  039 

0.036 

-0.003 

12 

0.035 

-0.004 

13 

0.036 

-0.003 

14 

• 

Fe, 

0.038 

-0.001 

N.B.S. 

Fe 

Value 

Found 

% 

% 

15 

N.B.S.  sheet  brass,  No.  37b 

0.21 

0 . 16*> 

-0.05 

16 

0 . 15& 

-0.06 

17 

0.15° 

-0.06 

18 

0.16° 

-0.05 

19 

0.17° 

-0.04 

“  Added  to  standards  an  amount  of  TiOj  corresponding  to  0.10%. 
b  Tin  separated  as  metastannic  acid;  iron  doubly  precipitated  as  hydrox- 
i;  and  redissolved  in  hydrochloric  acid. 

°  1-gram  samples  dissolved  in  aqua  regia;  other  constituents  separated 
:>m  iron  as  sulfides. 


Recommended  Procedure  of  Analysis.  After  a  representa- 
ve  portion  of  the  material  to  be  analyzed  has  been  procured  and 
ven  the  necessary  preparative  treatment,  weigh  out  a  sample 
mtaming  1  mg.  of  iron  or  less.  The  sample  should  not  be 
rger  than  this  because  1  mg.  of  iron  is  sufficient  to  prepare  1 
;er  of  solution  containing  1  p.p.m.  When  using  50-ml.  tall- 
■rm  Nessler  cylinders  or  the  Yoe  roulette  comparator,  the  range 
c  maximum  sensitivity  is  between  0.1  and  1  p.p.m.  Hence, 
henever  possible  the  sample  size  should  be  selected  so  that 
mvenient  aliquot  parts  of  its  solution  will  permit  an  iron  con- 
mtration  within  this  range. 

I  Dissolve  the  sample  by  an  appropriate  method  using  either 
isions,  treatments  with  mineral  acids,  or  both.  Remove  inter¬ 
ring  ions  (if  present  in  amounts  greater  than  tolerances  found 
i  Table  I)  by  the  usual  methods  of  separation.  Transfer  the 
>lution  containing  iron  to  a  100-ml.  volumetric  flask  and  dilute 
ith  water.  Mix  thoroughly  and  transfer  a  5-ml.  aliquot  to  a 
"essler  cylinder.  Add  1  ml.  of  reagent  solution  (0.0075  M, 
lolecular  weight  358.2)  and  dilute  to  the  mark  with  disodium 
hosphate  buffer  (pH  9.5)  or  sodium  acetate-hydrochloric  acid 
dH  4.0),  depending  on  whether  the  red  or  the  blue  complex  is  to 
e  matched.  After  thorough  mixing,  compare  the  colored  corn- 
lex  of  the  sample  with  standards  buffered  to  the  same  pH  and 
ivering  the  range  of  concentration  under  consideration. 

To  prepare  standards,  introduce  standard  iron  solutions  to 
(essler  cylinders,  then  add  the  reagent,  mix  thoroughly,  dilute 
o  the  mark  with  the  buffer  solution  and  again  mix. 

DETERMINATION  OF  IRON  IN  VARIOUS  MATERIALS 

The  applicability  of  the  new  reagent  to  the  colorimetric  deter- 
lination  of  iron  in  various  materials  was  tested  by  analyzing  a 


representative  group  of  National  Bureau  of  Standards  samples 
(Table  II). 

DISCUSSION  OF  RESULTS 

The  results  in  Table  II  show  that  the  reagent  may  be  applied 
successfully  to  the  colorimetric  determination  of  small  amounts 
of  iron  in  various  materials.  With  the  exception  of  N.B.S. 
sheet  brass  No.  37b,  all  the  values  determined  by  the  new  reagent 
are  well  within  the  range  of  values  reported  by  the  bureau.  The 
accuracy  of  the  method  is  equal  to  that  of  any  of  the  methods 
used  in  determining  the  values  reported  by  the  bureau.  The  pre¬ 
cision  between  individual  analyses  is  excellent.  The  value 
found  for  sheet  brass  No.  37b  is  lower  than  that  reported  by  the 
bureau  by  an  average  of  0.05%.  This  sample  was  analyzed 
colorimetrically  by  Yoe  and  Hall  (IS)  using  7-iodo-8-hydroxy- 
quinoline-5-sulfonic  acid  (ferron).  Their  values  were  0.18  and 
0.18%  iron  on  two  analyses  as  compared  with  an  average  value 
of  0.16%  iron  found  by  means  of  the  new  reagent.  It  is  believed 
that  these  low  results  are  due  to  the  inadequacy  of  the  methods 
employed  in  separating  the  iron  rather  than  to  any  inability  of 
the  reagent  to  react  quantitatively  with  the  iron  actually  present. 

In  the  presence  of  strong  oxidizing  agents,  the  reagent  may  be 
darkened  as  a  result  of  its  oxidation.  For  example,  perchloric 
acid  solutions  bring  about  a  slight  darkening  of  the  reagent  which 
causes  difficulty  in  matching.  In  an  analysis  of  N.B.S.  soda- 
lime  glass  No.  128  perchloric  acid  was  used  to  dehydrate  the 
silica.  All  the  perchloric  acid  was  not  removed  before  the  addi¬ 
tion  of  the  reagent  and  as  a  result  the  samples  were  slightly 
darkened.  Matchings  made  with  these  solutions  gave  valuer 
which  were  on  an  average  0.015%  higher  than  the  average  value  of 
the  bureau.  In  the  absence  of  perchloric  acid,  the  values  ob¬ 
tained  with  the  new  reagent  agreed  with  the  bureau’s  average 
value  within  a  few  thousandths  per  cent. 

Precise  matchings  are  more  easily  made  in  alkaline  medium 
with  the  red  complex  using  disodium  phosphate  as  a  buffer.  Once 
formed,  the  iron  complex  will  prevent  the  precipitation  of  hy¬ 
drated  ferric  oxide  regardless  of  the  pH  value.  If  elements  such 
as  calcium,  magnesium,  and  aluminum  are  present,  they  may 
precipitate  when  the  solution  is  made  alkaline.  This  presents 
no  serious  difficulty;  any  precipitate  is  filtered  off  before  com¬ 
parison  with  the  standards.  With  the  materials  reported  in 
Table  II,  filtration  was  necessary  in  only  two  instances  (Nos.  70 
and  88). 

In  general,  the  procedure  to  be  used  in  analyzing  most  mate¬ 
rials  is  very  simple.  Sodium  carbonate  fusions  dissolved  in  dilute 
hydrochloric  acid  and  filtered  directly  into  a  volumetric  flask  will 
provide  a  solution  from  which  aliquot  parts  may  be  taken  for  im¬ 
mediate  matching  upon  addition  of  the  reagent  and  buffer  solu¬ 
tion.  Dehydration  of  silicic  acid  in  the  fusion  solution  is  not 
necessary. 
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Thiamine  in  Beef  Muscles 

A  Comparison  of  Values  by  the  Thiochrome  Reaction 
Applied  with  and  without  Adsorption 

WINIFRED  F.  HINMAN,  EVELYN  G.  HALLIDAY,  AND  MARGARET  H.  BROOKES,  University  of  Chicago,  Chicago,  III. 


The  Harris  and  Wang  nonadsorption  thiochrome  technique  and  the 
Hennessy  and  Cerecedo  base-exchange  technique  have  been  com¬ 
pared,  as  applied  to  beef  muscle.  Although  40  to  100%  discrep¬ 
ancies  were  frequently  found,  only  up  to  20%  differences  between 
the  two  values  could  be  explained  by  incomplete  adsorption,  result¬ 
ing  in  low  Hennessy  values  when  2  to  5  micrograms  of  beef  thiamine 
were  placed  on  a  column.  Comments  are  made  on  enzyme  diges¬ 
tions  and  on  the  Harris  thiochrome  reaction.  A  few  comparisons 
with  yeast  fermentation  values  are  also  included. 

IN  THE  first  comparisons  of  the  applications  of  the  Harris  and 
Wang  (14,  34)  and  the  Hennessy  and  Cerecedo  (15,  SO)  thio¬ 
chrome  techniques  to  identical  digests  of  beef  muscle,  the  authors 
found  the  values  obtained  from  the  former  exceeding  those  from 
the  latter  by  40  to  100%.  These  discrepancies  raised  the  ques¬ 
tions  as  to  whether  the  direct  oxidation  technique  applied  to 
beef  results  in  the  inclusion  of  nonthiochrome  fluorescent  com¬ 
pounds  which  would  be  eliminated  in  the  Hennessy  base-exchange 
technique  and  whether  the  latter  procedure  can  be  depended 
upon  to  adsorb  all  the  thiamine  from  beef  digests. 

The  data  here  presented  indicate  that  in  some  samples  of  beef, 
nonthiochrome  substances  do  interfere  in  direct  oxidation,  but 
that,  on  the  other  hand,  the  adsorption  procedure  is  likely  to  give 
results  which  are  around  10  to  20%  too  low  if  an  amount  of  beef 
digest  containing  from  2  to  5  micrograms  of  thiamine  is  placed  on 
a  7-  to  8-cm.  Decalso  column.  Although  no  data  were  obtained 
on  other  foods,  this  experience  with  beef  would  indicate  a  need 
for  caution  in  the  indiscriminate  application  of  the  Harris  and 
Wang  technique  to  low  thiamine  foods  as  well  as  in  the  applica¬ 
tion  of  the  Hennessy  and  Cerecedo  technique  to  such  foods  when 
this  is  done  in  the  same  quantitative  relation  of  thiamine  to  De¬ 
calso  that  has  been  described  as  optimal  for  cereals  (SO). 

Nonadsorption  methods  of  thiochrome  determination  in  both 
animal  and  vegetable  tissues,  which  vary  in  details  of  digestion, 
of  the  final  oxidation  reaction,  and  of  the  reading  of  the  fluores¬ 
cence,  have  been  described  in  a  few  American  reports  (2,  16,  22) 
and  in  an  earlier  German  one  (36),  as  well  as  in  many  British  re¬ 
ports  (7,  14,  19,  26-29,  34).  On  the  other  hand,  applications  of 
the  Hennessy  and  Cerecedo  base-exhange  technique  have  been 
widely  reported  in  this  country  (1,  2,  9, 10,  18,21,  25)  and  a  simi¬ 
lar  adsorption  procedure  was  described  in  one  earlier  Dutch 
study  (35). 

Figures  on  beef  muscle  are  included  in  only  one  paper  from 
each  of  the  two  groups  listed  above  (18,  29),  and  all  their  figures 
are  in  the  range  covered  by  the  authors’  Hennessy  values. 
Lane,  Johnson,  and  Williams  (18)  reported  verification  of  their 
thiochrome  results  on  beef  by  the  curative  bioassay.  Further 
comparison  of  the  authors’  results  with  other  recent  bioassay  re¬ 
ports  on  beef  showed  that  the  Hennessy  value  on  their  first 
sample  of  round— namely,  1.0  to  1.1  micrograms  per  gram — was 
in  good  agreement  with  one  figure  on  lean  top  round  obtained 
by  Booher  (6)  by  a  rat-growth  method,  1.14  micrograms  per 
gram  whereas  their  Harris  value  on  this  round,  though  40  to 
50%  higher  than  the  Hennessy,  was  just  at  the  lower  end  of 
the  range  of  values  obtained  on  raw  round  by  Waisman  and 
Elvehjem  (S3)  with  the  rat-growth  method  of  Arnold  and  Elveh- 
jem  (3).  The  authors’  first  Hennessy  values  on  rib  ranged  be¬ 
tween  0.6  and  0.8  microgram  per  gram  and  Harris  values  be¬ 
tween  1.2  and  1.3  micrograms  per  gram.  Yet  they  learned  that 
McLaren  and  Cover  (23),  using  papain-takadiastase  digests, 
were  getting  Harris  values  on  beef  rib  which  varied  between  1.9 
and  2.8  micrograms  per  gram,  most  of  them  in  the  upper  end  of 
this  range  and  thus  close  to  the  highest  value  reported  for  raw 
round  by  Waisman  and  Elvehjem,  2.8  micrograms  per  gram. 


Older  reports  based  on  bioassay  methods  include  more  figure 
on  beef  in  the  lower  range — bradycardia  method  (5),  Sherma 
Chase  growth  method  (8),  Cowgill  calculation  from  pigeoi 
protective  and  rat-growth  data  (12),  rat-growth  method  ca 
culated  as  Sherman  units  by  Daniel  and  Munsell  (13,  31) — tha 
in  the  higher  range — rat-curative  method,  one  value,  calculate 
as  Sherman  units  by  Daniel  and  Munsell  (13,  17);  bradycardi 
method,  one  figure,  highest,  stated  to  have  probable  error  of  50c 
(4,  5). 

Thus,  with  bioassay  values  in  the  literature  falling  in  rangi 
which  are  100%  apart,  it  was  not  possible  to  find  support  f< 
either  of  the  thiochrome  techniques  exclusively. 

DISCUSSION  OF  TECHNIQUES 

No  important  modifications  were  made  in  most  of  the  detai 
of  the  assay  methods  and  for  this  reason  the  exact  procedure 
not  given  here.  In  the  Hennessy  method  the  authors  combinf 
details  from  three  sources  (10,  24,  30)  and  in  the  Harris  methc 
they  used  essentially  the  revised  Wang  and  Harris  procedu 
(34).  However,  it  seems  pertinent  to  discuss  a  few  points 
the  techniques.  • 

Sampling  and  Digestion.  There  has  been  some  gener 
opinion  among  authorities  that  the  complete  extraction  of  tl 
amine  from  tissues  is  difficult  (25).  For  this  reason,  tl 
authors  felt  it  desirable  with  ground  beef  to  keep  the  samp] 
solvent  ratio  down  to  the  middle  range  recommended  for  cereals- 
that  is,  about  1  to  25  or  1  to  20  during  acid  extraction.  They  nc 
feel,  from  some  later  experience  with  more  concentrated  digei 
of  beef  samples  blended  in  the  Waring  Blendor,  that  a  concenti 
tion  of  1  to  10  or  even  1  to  8,  sample  to  solvent,  can  be  safe 
employed  with  motor  stirring  during  extraction  at  70°  to  75° 
Digestion  with  clarase  was  carried  out  overnight  at  45°  to  48° 

In  view  of  the  fact  that  digestion  was  carried  out  and  volui 
made  up  in  calibrated  250-ml.  centrifuge  bottles  it  was  fou; 
convenient  to  clear  digests  by  centrifuging  after  vigorous  shaki 
with  5  ml.  of  reagent  grade  chloroform  which  took  the  fat  to  t 
bottom.  That  the  chloroform  had  no  effect  on  the  adsorption 
thiamine  (or  riboflavin,  11)  or  its  subsequent  determination 
fluorescence  was  shown  by  comparison  of  values  with  filter 
portions  of  identical  digests  not  exposed  to  chloroform. 

Hennessy  Base-Exchange.  Before  being  used  in  this  stu 
all  samples  of  Decalso  had  been  tested  by  placing  5  micrograms 
buffered  synthetic  thiamine  hydrochloride  on  7-  to  8-cm.  c 
umns.  Recoveries  were  always  95%  or  better  with  the  adsoi 
tion  and  elution  techniques  employed.  All  adsorptions  and  mi 
elutions  were  carried  out  at  room  temperature.  However,  in  t 
spring  of  1943  samples  of  Decalso  were  obtained  from  whi 
complete  elution  could  be  accomplished  with  25  ml.  of  21 
potassium  chloride-0.1  N  hydrochloric  acid  only  if  the  latter  v 
used  at  practically  boiling  temperature.  The  experiment 
ported  in  Table  V  was  done  with  such  a  sample  of  Decalso. 

Harris  Thiochrome  Reaction.  Harris  (14)  states  that 
excess  of  ferricyanide  is  to  be  avoided  to  prevent  a  partial  destr 
tion  of  the  thiochrome  formed  and  variable  effects  on  nonspec 
fluorescent  substances.  In  attempting  to  determine  the  corr 
amount  of  ferricyanide  to  add,  by  applying  the  Wang  and  Hai 
(34)  criterion  of  “yellow  color  lasting  more  than  30  seconc 
some  difficulty  was  encountered  because  of  the  faint  brown 
yellow  color  of  the  digests  which  was  accentuated  by  the  p 
liminary  addition  of  alkali  and  because  additional  drops  of  fei 
cyanide  progressively  increased  the  readings.  (Throughout  t 
study  the  amounts  of  2%  potassium  ferricyanide  used  per 
action  were  0.03  to  0.08  ml.,  varying  from  1  to  3  drops  depend 
on  the  size  of  drop  and  on  the  digest.)  Frequently,  one  ad 
tional  drop  used  when  the  excess  was  questionable  increased 
“thiochrome”  value  as  much  as  10%.  Since  the  authors  hi 
never  observed  a  decrease  in  readings  with  larger  excesses  of  i 
ricyanide,  even  though  thiochrome  itself  is  known  to  be  unsta 
under  these  conditions,  it  would  seem  as  though  beef  digests  c 
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in  some  material,  other  than  thiamine,  which  can  add  to  the 
iding  with  this  direct  oxidative  treatment.  Such  a  possibility 
ds  some  support  in  the  observation  that  very  large  excesses 
ferricyanide,  such  as  2  ml.  of  2%  potassium  ferricyanide,  cause 
ireases  in  fluorescence  up  to  40%  of  the  thiochrome  value  as 
termined  by  the  usual  Wang  and  Harris  criterion. 
Standardization.  For  all  the  Harris  determinations  and  for 
e  first  group  of  Hennessy  experiments  (1  through  5,  Table  I) 
indardization  was  done  with  “external  standards” — that  is, 
ystalline  thiamine  in  proper  diluent,  reacted  by  itself.  Later 
rnnessy  experiments  (6  through  9)  were  based  on  reading  of 
ystalline  thiamine  added  to  the  unknown  eluates,  “internal 
mdards”  {24).  Although  occasional  internal  standards  read 
st  as  high  or  higher  than  “external”  ones  the  average  internal 
indard  readings  were  about  6%  lower  than  the  average  of  ex- 
mal  standards  reacted  in  this  series.  Hence,  the  Hennessy 
lues  of  the  first  group  of  experiments  (samples  1  through  5, 
ible  I)  could  be  corrected  upward  by  about  6%  to  be  on  the 
me  basis  as  the  second  group. 

Fluorescence  readings  of  “external  standards”  over  several 
onths  averaged:  for  Hennessy,  using  15  ml.  of  isobutanol,  10.8  ± 
22  galvanometer  units  per  0.1  microgram;  for  Harris,  using 
ml.  of  methanol,  10  ml.  of  isobutanol,  and  2  ml.  of  ethanol, 
;.35  ±  0.37  units  per  0.1  microgram.  For  both,  a  quinine  work- 
g  standard  containing  0.0135  mg.  of  quinine  sulfate  per  100  ml. 
0.1  N  sulfuric  acid  was  set  at  60  on  the  Coleman  electronic 
lotofluorometer  (Model  12). 

DISCUSSION  OF  RESULTS 

No  doubt,  pronounced  differences  in  thiamine  content  of  vari- 
is  beef  samples  are  to  some  extent  responsible  for  the  variations 
und  in  reported  values  and  for  the  variations  in  values  obtained 
r  the  Harris  thiochrome  technique  in  the  authors’  laboratory  and 
e  Texas  laboratory.  Moreover,  if  the  Harris  technique  measures 
me  additional  fluorescent  material  produced  in  the  oxidation 
action,  besides  thiochrome,  variations  in  the  occurrence  of 
ch  another  factor  would  also  contribute  to  differences  between 
mples  analyzed  in  the  two  laboratories  by  this  method. 

The  authors  sought  to  raise  their  values  on  beef  by  digesting 
ith  papain  because  Harris  stated  that  papain  removes  an  inhi- 
tion  (present  in  animal  tissues)  to  hydrolysis  of  cocarboxylase 
r  takadiastase.  If  this  is  true,  papain  digests  ought  to  show 
gher  thiochrome  values  than  acid-clarase  digests  by  both  the 


Harris  and  Hennessy  methods,  but  as  results  recorded  in  Table  I 
indicate,  the  authors  have  not  once  obtained  higher  values  by 
either  Harris  or  Hennessy  thiochrome  technique  on  papain-clar- 
ase  or  papain-takadiastase  digests.  However,  they  cannot  dis¬ 
miss  the  possibility  of  an  influence  on  Harris  values  related  to  the 
method  of  digestion  because  McLaren,  working  in  the  authors’ 
laboratory,  made  four  papain-clarase  digests  of  rib  sample  5  (Table 
I)  on  which  they  obtained  an  average  Harris  thiochrome  value  of 
1.54  micrograms  per  gram  as  contrasted  to  the  1. 15  micrograms  per 
gram  (see  table)  for  the  acid  clarase  digests  made  on  the  same 
day,  whereas  the  Hennessy  values  were  in  agreement  for  the  two. 
The  only  possible  fact  to  which  this  variation  in  Harris  values 
can  be  ascribed  is  the  use  of  a  different  papain-,  for  McLaren  used 
a  Difco  preparation,  whereas  the  authors  have  used  Parke,  Davis 
preparations  from  two  different  lots,  both  of  which  have  shown 
strong  proteolytic  activity  in  that  they  dissolved  the  beef  almost 
completely.  It  is  possible  that  the  higher  Harris  thiochrome  re¬ 
sults  are  related  to  the  presence  in  some  papain  samples  of  an¬ 
other  enzymatic  activity  other  than  the  proteolytic.  The  au¬ 
thors  hope  to  investigate  this  further. 

According  to  Mclntire  and  Elvehjem  (20)  the  thiochrome  val¬ 
ues  on  pork  muscle  are  the  same  whether  digestion  is  done  with 
papain-clarase  or  acid-clarase.  Moreover,  in  the  acid-clarase 
digests,  the  adsorption  and  the  direct  oxidation  techniques  give  the 
same  thiochrome  value. 

In  attempting  to  discover  the  reason  for  the  difference  in  val¬ 
ues  with  and  without  adsorption  the  first  line  of  attack  used  was 
one  suggested  by  Dr.  Elvehjem — applying  sulfite  blanks  to  the 
Harris  values  obtained  on  the  beef  digests.  The  sulfite  treatment 
done  at  room  temperature  overnight  at  pH  5  to  5.5  (37)  was  more 
satisfactory  than  the  short  treatment  at  boiling  temperature  (32) 
because  with  the  latter  new  fluorescent  material  was  formed  which 
added  to  the  reading  after  ferricyanide  treatment.  However, 
the  oxidized  fluorescence  values  left  after  sulfiting  at  room  tem¬ 
perature  were  variable,  sometimes  so  low  that  if  applied  on  the 
Harris  values  as  blanks,  they  would  leave  thiamine  values 
higher  than  the  Hennessy  by  10  to  40%,  whereas  in  one  test  the 
residual  values  were  so  large  as  to  reduce  the  Harris  values  far 


Difference  between  Harris 


Table  I.  Thiamine  Values  on  Beef 

(Showing  variation  in  discrepancies  between  Harris  and  Hennessy  thiochrome  results) 


No.  and  Type 
of  Digests 


4,  H2SO4  clarase 
4,  papain  clarase 

2,  H2SO4  clarase 

4,  papain  clarase 
6,  H2SO4  clarase 

5,  H2SO4  clarase 

3,  H2SO4  clarase 
3,  H2SO4  clarase 

3,  H2SO4  clarase 

4,  H2SO4  clarase 


4,  H2SO4  clarase 
2,  H2SO4  clarase 
2,  papain  takadiasta 

2,  H2SO4  clarase 

3,  H2SO4  clarase 

1,  HC1  takadiastase 


1,  H2SO4  clarase 
1,  papain  clarase 
1,  HC1  takadiastase 

«  Beef  concentrations  were  between  0.035  and  0.040  gram  per  ml.  in  all  digests  except  starred  one  of  sample  8,  0.133  gram  per  ml.  and  starred  one  of  sample 

’  &  Crystalline  thiamine  added  to  two  of  the  five  digests  included  in  these  averages  was  equivalent  to  0.71  7  and  0.63  7  per  gram  of  sample  and  the  recoveries 
ased  on  the  sample  averages  here  given  were  by  Harris  97  and  98%,  respectively,  and  by  Hennessy  100  and  87%,  respectively. 


ample 

No. 

Cut  and 

Grade 

Length 

of 

Aging 

Period 

Fresh  or 
Frozen  Storage 
Period 

Days 

1 

Rib,  packer’s  grade  4 

21 

Raw  frozen  96  days 

Rib,  packer’s  grade  4 
(heifer) 

8 

Raw  frozen  72  days 

3 

Whole  round,  packer’s 
grade  3  (heifer) 

11 

Raw  fresh 

Raw  frozen  21  days 
Raw  frozen  34  days 

4 

Chuck,  packer’s  grade 
3  (steer) 

4 

Raw  fresh 

Cooked  fresh 

5 

Rib  eye 

7 

Raw  fresh 

6 

Outside  round,  U.  S. 
grade  commercial 

(steer) 

5 

Raw  frozen  7  days 

7 

Rib,  U.  S.  grade  good 

9 

Raw  fresh 

Raw  frozen  41  days 

• 

Raw  frozen  74  days 

8 

Outside  round,  U.  S. 
grade  commercial 

(heifer) 

6 

Raw  fresh 

Raw  frozen  45  days 

9 

Liver 

7 

Raw  fresh 

Harris  Thiochrome 

Hennessy 

and  Hennessy  Values 

On  filtrates 

Thiochrome 

Percentage 

Volume 

On 

from  ad¬ 

on 

of  Hennessy 

Adsorbed0 

digests 

sorption 

Eluates 

value 

Ml. 

7 /q- 

y/g. 

y/g. 

y/g. 

% 

100 

1.29 

0.67 

0.64 

0.65 

101 

100 

1.30 

0.72 

0.61 

0.69 

113 

50 

1.22 

0.78 

0.44 

56 

80 

1.48 

0.62 

0.97 

0.51 

53 

100 

1.55 

1.03 

0.52 

50 

75 

1.551- 

1.115 

0.44 

40 

75 

0.82 

0.34 

0.49 

0.33 

67 

75 

0.66 

0.26 

0.45 

0.21 

47 

70 

1.15 

0.58 

0.57 

98 

100 

1.03 

0.48 

0.69 

0.34 

49 

100 

1.03 

0.44 

0.77 

0.26 

34 

100 

1.19 

0.36 

0.90 

0.29 

24 

.se  100 

1.04 

0.42 

0.85 

0.19 

22 

50 

1.16 

0.91 

0.25 

21 

100 

1.29 

0.32 

1.15 

0.14 

12 

25* 

1.19 

0.04 

1.22 

-0.03 

0 

25 

1.34 

1.19 

0.15 

13 

50 

75 

35 

2.88 

2 . 55, 

0.33 

14 

35 

2.62 

2.70 

-0.08 

0 

20* 

2.82 

2.93 

-0.07 

0 
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Table  II.  Fluorescence  by  Harris  Thiochrome  Technique  on  Sulfited 

Beef  Digests" 


Sample  4, 


Sample  3, 

8/25/42  Digests 

Sample  7&, 

7/28/42  Digests 

Raw 

Cooked 

1/10/43  Digests 

Sulfited 

Sulfited 

Sulfited 

Sulfited 

Sulfited 

Sulfited 

Digest  No.  7/31 

8/3 

8/28 

8/28 

1/18 

1/27 

7/  g- 

y/g- 

7 /a- 

7/ Q- 

7 /»• 

7 /a- 

i 

0.21 

0.23 

0.20 

0.08 

0.19 

2 

0.19 

0.33 

0.15 

0.16 

0.23 

0.37 

3 

0.00 

0.36 

0.26 

0.24 

0.00 

0.65 

4 

0.18 

0.33 

0.34 

0.60 

•  5 

0.09 

0.25 

6 

0.13 

0.21 

Av.  0.13 

0.28 

0.20 

0.16 

0.25 

0.54 

Harris  minus 

sulfite 

blank 

1.42 

1.27 

0.62 

0.50 

0.87 

0.58 

Hennessy 

1. 

O 

CO 

0.49 

0.45 

0. 

00 

00 

a  Calculated  as  7  of  thiamine  per  gram  of  beef. 
b  Digests  1  and  2  were  acid  clarase,  3  and  4  were  papain-clarase. 


below  the  Hennessy.  The  erratic  results  with  repeated  sulfite 
treatments  of  the  same  digests  on  different  days  and  the  vari¬ 
ability  between  the  reveral  digests  of  one  sample  are  shown  in 
Table  II,  which  repeats  some  Harris  and  Hennessy  values  given  in 
Table  I.  Because  there  is  such  variation  the  authors  felt  insecure 
in  assigning  too  great  significance  to  sulfite  blanks,  for  it  seemed 
that  neither  the  specificity  of  sulfite  for  destruction  of  thiamine 
only,  nor  the  prevention  of  formation  of  a  new  interfering  oxi¬ 
dized  fluorescence  could  be  depended  upon  when  measuring  such 
fluorescence  in  beef  digests. 

Since  Wang  and  Harris  (34),  following  McFarlane  (19),  sug¬ 
gest  the  use  of  hydrogen  peroxide  after  the  ferricyanide  treatment 
to  destroy  interfering  fluorescent  substances  in  urines,  milk,  and 
yeast  extracts,  the  authors  made  a  few  comparative  tests  on  beef 
digests  with  5  drops  of  5%  hydrogen  peroxide  per  test  as  Harris 
uses  it  and  also  with  1  ml.  of  30%  hy  drogen  peroxide  as  McFar¬ 
lane  and  Chapman  direct  for  extracts  of  grass,  wheat  germ,  yeast, 
and  flour.  As  Table  III  indicates,  peroxide  treatment  did  not 
destroy  any  of  the  fluorescence  present  after  oxidation  of  a  beef- 
digest  aliquot. 

Since  the  difference  between  the  two  thiochrome  values  on  the 
same  digest  of  beef  muscle  is  more  than  equaled  by  the  values 
obtained  when  applying  the  Harris  thiochrome  technique  to 
filtrates  from  adsorption  (Table  I),  the  determination  of  whether 
or  not  such  filiations  contain  any  appreciable  thiamine  activity 
seemed  to  be  the  best  approach  to  the  problem.  Using  such  fil¬ 
trates  for  rat  assay  was  suggested  by  R.  R.  Williams. 

The  completion  of  a  conclusive  experiment  of  this  kind 
was  frustrated  by  the  fact  that  three  samples  of  beef  bought 
in  large  quantity  for  this  purpose  (samples  6,  7,  and  8) 
showed  less  actual  difference,  expressed  as  micrograms  per 
gram,  in  the  thiamine  values  obtained  by  the  two  methods 
of  assay  than  most  earlier  samples.  In  fact,  no  real  difference 
beyond  experimental  error  was  found  between  the  two  values  in 
sample  8  and  in  a  beef  liver  sample,  No.  9,  which  was  tested  with 
the  thought  that  this  tissue  might  display  more  discrepancy  be¬ 
tween  the  two  techniques.  Such  low  differences  brought  about 
problems  in  the  preparation  of  concentrated  filtrate  to  be  fed  to 
rats.  The  authors  felt  that  to  be  tested  for  activity  the  filtrate 
fed  each  day  must  represent  at  least  1  microgram  of  thiamine 
difference  between  the  two  thiochrome  values.  For  sample  7, 
with  which  a  limited  rat  experiment  was  carried  out,  this  meant 
that  filtrates  from  adsorption  needed  to  be  concentrated  so  that 
1.2  ml.  of  final  preparation  represented  4  grams  of  the  original  beef. 
The  concentrate  was  tube-fed  to  20  rats  in  four  groups,  as  shown 
by  the  chart  of  average  weight  changes  (Figure  1).  Although  the 
results  cannot  be  considered  as  conclusive  because  of  the  small 
number  of  animals  used,  they  indicated  that  there  was  a  slight 
thiamine  activity  in  the  filtrate  from  the  adsorption.  This  was 
further  substantiated  by  the  fact  that,  whereas  three  out  of  five 
of  the  negative  control  animals,  Group  D,  died  on  the  17th, 
18th,  and  20th  day  of  the  supplementing  period,  among  five  ani¬ 
mals  on  the  experimental  supplement,  Group  C,  none  had  died  on 
the  20th  day.  In  this  latter  group  all  showed  extremely  hunched 


backs  for  many  days  and  one  had  extreme  paralysis  and 
whirling  syndrome  on  the  20th  day  and  died  on  the  21st  d 
The  filtrates  from  which  the  concentrates  were  prepared  1 
been  obtained  by  passing  portions  of  digests  containing  ab 
6  micrograms  of  thiamine  through  7-  to  8-cm.  (1.0  to  1.3  grai 
columns  of  Decalso.  These  conditions  are  near  the  “prefern 
for  cereals  as  given  in  the  directions  by  the  Research  Corpc 
tion  Committee  (30),  but  apparently  they  were  not  the  optim 
for  the  adsorption  of  thiamine  from  the  beef  digests. 

To  obtain  further  evidence  about  the  efficiency  of  adsorpt 
in  relation  to  various  concentrations  and  various  volumes  of  i 


Figure  1.  Average  Weight  Changes  in  Rats 

In  a  20-day  supplementing  period: 

A.  4  rats  received  daily  1.2  ml.  of  concentrate  treated  with  Na2S03  to 
destroy  thiamine,  and  1  y  of  crystalline  thiamine  in  10%  alcohol. 

B.  6  rats  received  daily  1.2  ml.  of  concentrate  with  crystalline  thiamine 
added  before  concentration  in  an  amount  equivalent  to  I7  per  1.2 
ml.  of  concentrate. 

C.  5  rats  received  daily  1.2  ml.  of  concentrate  being  assayed  for 
thiamine  activity. 

D.  Started  with  5  rats,  received  daily  1.2  ml.  of  concentrate  treated  with 
NasSCX 


Table  III. 

Effect  of  Hydrogen  Peroxide 

in  the  Harris  Thiochro 

Reaction  on 

Beef  Digests  (Sample  3) 

Digest 

7/28/42  Di 

gests 

8/10/42  Digests 

No 

5  drops 

No 

1  ml. 

No. 

H202 

5%  H202 

H2O2 

30%  HaO: 

y/g- 

y/g - 

7  /a- 

y/g- 

1 

1.72 

1  .44 

1.45 

1.49 

2 

1.53 

1.51 

1.46 

1.47 

3 

1.52 

1.50 

4 

1.70 

1.65 

Table  IV. 

Hennessy  Thiamine  Values 

(In  relation  to  total  amount  of  thiamine  placed 

on  a  Decalso  column. 

tained  in  several  experiments  on  a  raw  beef  round,  sample  8.) 

Beef 

Thiamine 

Recovery 

Concentra¬ 

Volume 

Placed  on 

Thiamine 

Crystallin 

tion 

Adsorbed 

Column0 

Determined 

Thiamine 

G/ml. 

Ml. 

7 

y/g- 

% 

0.0332 

25 

1.07 

1.27 

0.0373 

25 

1.20 

1.29 

io2 

0.0421 

25 

1.36 

1.28 

0.0412 

40 

2.12 

1.29 

0 . 0332 

50 

2.15 

1.18 

ioo 

0.0682 

25 

2.20 

1.22 

96 

0.0705 

25 

2.28 

1.28 

97 

0.0373 

50 

2.41 

1.26 

88 

Av.  1 

.27  =*=  0.017  (omitting  5 

0.0982 

25 

3.16 

1.19 

0.0373 

75 

3.60 

1.25 

-9i 

0.0421 

75 

4.07 

1.19 

0.1333 

25 

4.29 

1.19' 

0.1333 

25 

4.29  * 

1.25° 

0.0682 

50 

4.39 

1.11 

0.0366 

100 

4.72 

1.16 

0.0373 

100 

4.81 

1.16 

0.0378 

100 

4.88 

1.11 

0.0393 

100 

5.06 

1.19 

0 . 0982 

50 

6.33 

1.02 

0.0982 

50 

6.33 

1.05 

0.1333 

40 

6.87 

0.91c 

0.1333 

40 

6.87 

1.12' 

“  Computed  by  use  of  highest  value,  1.29y  per  gram,  ever  obtained 
this  sample. 

6  One  or  2y  added  to  another  column  with  same  quantity  of  beef  dige 
c  Made  with  0.05  .V  HC1,  all  others  with  0.1  A'  HjSOr. 
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hruary,  1944 

Acentration,  the  experiments  presented 
Tables  IV  and  V  were  carried  out. 
e  two  beef  samples  used  in  these  ex- 
•iments  were  higher  in  thiamine  content 
in  the  rib  used  in  the  rat  experiment 
i  about  35%  in  the  case  of  sample  8 
able  IV),  and  about  6%  in  the  case  of 
i  “heel  of  round”  (Table  V).  Hence, 

I!  proportion  of  interfering  material  to 
amine  might  have  been  appreciably 
irer  in  the  former  at  least.  Neverthe- 
13,  the  results  on  this  show  that  the 
i  nd  of  thiamine  values  is  toward  lower 
dues  as  larger  amounts,  up  to  about  7 
icrograms  of  thiamine,  are  placed  on 
;  7-cm.  (1.0  to  1.3  gram)  Decalso 
umn ;  that  the  gradation  toward  lower 

Slues  is  not  absolutely  consistent  with 
ceasing  amounts  adsorbed;  but  that 
ien  adsorption  was  in  the  range  of  1  to 
i  micrograms  the  average  of  seven 
lues,  1.27  ±  0.017  micrograms  per  gram 
nitting  one  which  was  in  less  good 
reement)  is  appreciably  higher  than 
)st  values  obtained  with  adsorption  of 
ger  amounts.  In  the  range  of  3  to  5 
crograms  per  column  there  is  some 
erlapping  of  values  with  the  first  group, 
t  most  of  the  ten  determinations  in  this 
ige  were  6  to  9%  lower  than  the  above 

erage  and  two  were  almost  13%  lower.  _ 

ith  6  to  7  micrograms  placed  on  a 
lumn  the  values  were  12  to  28%  lower. 

In  the  experiment  with  the  “heel  of  round”  sample  (Table  V) 
ssible  variations  due  to  sampling  and  extraction  were  elimi- 
.ted,  for  all  adsorptions  were  done  from  one  large  digest.  Also, 
indard  recovery  determinations  were  carried  to  higher  levels 
adsorptions  and  Harris  thiochrome  determinations  were 
luded  on  at  least  one  of  every  pair  of  adsorption  filtrates  to 
licover  whether  there  was  any  inverse  correlation  of  these 
’  th  the  decreasing  Hennessy  values  on  eluates. 

The  downward  trend  in  Hennessy  values  was  even  more  rapid 
this  sample,  being  10  to  15%  at  the  level  of  2.7  micrograms  of 
ief  thiamine  per  column,  and  18  to  23%  at  4.05-microgram  level, 
le  decrease  was  not,  however,  correspondingly  greater  above 
micrograms,  averaging  around  20  to  25%  but  reaching  an  ex- 
'sme  of  31%  in  one  determination  with  8.1  micrograms  per  col- 
inn.  However,  the  recovery  of  an  added  2  micrograms  of  syn¬ 
detic  thiamine  per  column  was  decidedly  reduced  when  the 
:ef  thiamine  was  above  5  micrograms  as  compared  to  the  recov- 
,ies  at  intermediate  levels.  The  latter,  in  fact,  appear  to  be 
isleading  in  their  highness  when  based  on  beef  values  obtained 
the  same  level  of  adsorption  where  apparently  there  was  10  to 
)%  loss  of  beef  thiamine. 

There  is  no  doubt  that  the  amounts  of  thiamine  as  measured 
if  the  Harris  thiochrome  reaction  carried  out  in  the  adsorption 
trates  show  an  upward  trend  as  Hennessy  values  become  lower, 
id  though  the  correlation  is  not  perfect,  this  finding  makes  it 
ore  conclusive  that  the  major  loss  at  higher  levels  is  in  the  ad¬ 
aption.  Physical  interference  with  photofluorometry  at 
igher  levels  is  ruled  out  by  the  fact  that  “internal  standards” 
Ided  to  eluates  are  used  for  calculations  of  all  Hennessy  values, 
igh  and  low,  and  such  internal  standard  readings  average  about 
le  same  in  aliquots  of  eluates  from  the  larger  adsorptions  as  in 
lose  from  the  smaller  ones. 

Obviously,  then,  in  beef  digests,  interfering  material  is  present 
l  sufficient  amount  so  that  it  is  necessary  to  adsorb  under  2.5 
hicrograms  per  column  containing  1  to  1.3  grams  of  Decalso,  to 
,e  assured  of  90  to  100%  adsorption.  The  extraction  seems  to 
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Table  V.  Hennessy  Thiamine  Values 

(Obtained  on  one  digest  of  raw  beef°  with  accompanying  Harris  values  on  filtrates  from  adsorption  at 
several  levels.  Beef  concentration  in  digest:  0.0551  gram  per  ml.) 


Decalso 

Volume 

Thiamine  Placed 
on  Column 

Hennessy 

Thiamine 

Recovery 

Computed 
Loss  in 

Harris 
Values  on 

Column 

of  Digest 

From 

Added 

Values  Found 

of  Added 

Hennessy 

Adsorption 

No.b 

Adsorbed 

beefc 

crystalline 

for  Beef 

Thiamine** 

Determination e 

Filtrates 

Ml. 

7 

7 

y/g- 

< rf 

Vo 

y/g- 

y/g- 

1 

25 

1.35 

0.98 

0 

2 

25 

1.35 

0.94 

0.04 

O./U 

3 

25 

1.35 

2.0 

95 

4 

25 

1.35 

2.0 

92 

o!i4 

0U6 

5 

25 

1.35 

0.93 

6 

25 

1.35 

0.87 

o!io 

o!i3 

7 

25 

1.35 

2.0 

92 

0.19 

0.18 

8 

25 

1.35 

2.0 

98 

9 

50 

2.70 

0.81 

0.18 

0.32 

10 

50 

2.70 

0.82 

11 

50 

2.70 

2.0 

99 

0.17 

0^26 

12 

50 

2.70 

2.0 

104 

13 

75 

4.05 

0.72 

0.26 

0.23 

14 

75 

4.05 

0.76 

15 

75 

4.05 

2.0 

98 

0.23 

0 '.  26 

16 

75 

4.05 

2.0 

98 

17 

100 

5.40 

0.70 

0.27 

0.35 

18/ 

100 

5.40 

0.73 

19 

100 

5.40 

2.0 

47 

o'.47 

o!i>6 

20 

100 

5.40 

2.0 

73 

0.34 

0.35 

21 

150 

8.10 

0.66 

0.32 

0.38 

22 

150 

8.10 

0.76 

0.22 

0.40 

23 

150 

8.10 

2.0 

59 

0.42 

0.40 

24 

150 

8.10 

2.0 

39 

0.37 

0.51 

“  "Heel  of  round”  cut. 

b  Lengths  of  Nos.  1—4,  inclusive,  were  13  to  14  cm.  (2.2  to  2.4  grams  of  Decalso) ;  all  others  7  to  8  cm. 
(1.1  to  1.3  grams). 

c  Computed  by  use  of  highest  Hennessy  value,  0.98y  per  gram. 

d  Based  on  average  of  two  values  on  beef  alone  obtained  at  corresponding  level  of  adsorption,  except 
columns  19,  20,  23,  and  24,  where  recovery  was  based  on  single  determination  with  corresponding  elution 
volume.  See  1. 

e  Based  on  highest  Hennessy  value  and  same  plus  added  thiamine. 

/  Volumes  of  elutionB  with  boiling  hot  KC1-HC1  were  25  ml.  in  all  except:  18,  40  ml.;  20,  40  ml.; 
22,  50  ml.;  24,  50  ml. 


Table  VI.  Comparison  of  Thiamine  Values  by  Yeast  Fermentation 
and  Thiochrome  Methods 


Sample 

Date 

Harris 

Thiochrome 

Hennessy 

Thiochrome 

Schultz  and 
Frey  Yeast 
Fermentation 

3,  raw  frozen 

8/10/42 

y/g. 

1.55 

y/g- 

l.li 

y/g- 

8/31/42 

1.22 

4,  raw  fresh 

8/25/42 

0.82 

0.49 

0^60 

4,  raw  frozen 

8/31/42 

4,  cooked  fresh 

8/25/42 

0.66 

0.45 

0  ]  34 

4,  cooked  frozen 

8/31/42 

7,  raw  frozen 

2/l^/43 

1.16 

0.91 

0.91 

8,  raw  frozen 

2/12/43 

1.34 

1.19 

1.22 

be  equally  good  in  more  concentrated  digests — that  is,  in  those 
containing  0.07  to  0.09  gram  of  beef  per  milliliter — as  in  those 
which  are  from  one  half  to  one  third  as  concentrated.  There¬ 
fore  the  more  practical  technique  would  seem  to  be  adsorption  of 
small  volumes,  20  to  25  ml.,  of  digests  which  contain  from  1  to 
2.5  micrograms  in  the  total  volume  adsorbed. 

There  is  no  obvious  reason  for  the  relatively  lower  differences 
between  Harris  and  Hennessy  values  found  in  the  last  samples 
of  rib  and  round  as  compared  to  those  in  the  earlier  ones. 
It  would  seem  that  there  must  be  variation  in  the  occurrence  of 
that  factor  which  is  responsible  for  the  discrepancies  between  the 
fluorescence  readings  obtained  after  direct  ferricyanide  oxidation 
of  digests  and  that  following  adsorption.  Since  there  is  no 
reason  to  believe  that  adsorptions  were  any  more  complete  in 
the  Hennessy  assays  of  samples  7  and  8  than  in  earlier  ones,  such 
an  explanation  cannot  be  taken  as  the  reason  for  the  two  values 
coming  closer  together.  Besides,  in  most  adsorptions  of  the 
first  five  samples  the  amounts  of  thiamine  placed  on  a  column 
were  under  2.7  micrograms,  reaching  as  high  as  4.0  and  4.5  in  the 
case  of  only  a  couple  of  the  adsorptions  of  the  second  experiment 
on  sample  3.  Hence,  throughout  this  series,  at  worst,  adsorptions 
could  be  considered  to  be  10  to  20%  too  low  and  thus  not  so  poor 
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as  to  explain  large  proportions  of  the  discrepancies  between  the 
two  thiochrome  values. 

While  making  the  attempts  just  described  to  obtain  proof  for 
the  validity  of  either  the  direct  oxidation  or  the  adsorption  tech¬ 
nique  for  the  thiochrome  method,  the  authors  thought  that  a 
comparison  of  values  on  the  same  samples  by  the  yeast  fermenta¬ 
tion  method  might  lend  support  to  one  of  the  thiochrome  tech¬ 
niques.  They  were  fortunate  to  find  Dr.  Schultz  in  Dr.  Frey’s 
laboratory  willing  to  make  such  determinations.  His  results  are 
tabulated  in  Table  VI  with  the  corresponding  Hennessy  and 
Harris  values  on  frozen  samples  taken  from  Table  I.  As  may  be 
seen,  his  are,  in  several  instances,  somewhat  higher  than  the 
Hennessy  values  but  they  are  decidedly  closer  to  the  Hennessy 
than  to  the  Harris  values  in  those  cases  where  there  is  a  large  dif¬ 
ference  between  the  latter  two. 
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Constant-Level  Feeder  for  Continuous  Evaporation  in  the  Determination  of 

Total  Solids 

M.  C.  SCHWARTZ  AND  F.  L.  GAYLE,  Louisiana  State  University,  Baton  Rouge,  La. 


THE  apparatus  shown  in  the  figure  was  developed  for  use  in  the 
determination  of  total  dissolved  solids  in  water,  and  built  to 
the  authors’  specifications  by  the  Scientific  Glass  Apparatus 
Company.  An  apparatus  was  desired  which  could  be  assembled 
and  started  quickly;  the  apparatus  herein  described  has  proved 
successful  in  a  number  of  actual  tests. 

The  evaporator  maintains  a  constant  level  of  liquid  in  the  evap¬ 
orating  dish,  D,  for  continuous  evaporation.  The  volumetric 
flask,  A,  is  filled  to  the  mark  with  the  solution  to  be  evaporated,  B 
is  put  in  place,  and  the  unit  is  then  turned  over  as  illustrated. 
The  liquid  rises  in  B  to  height  E  and  then  ceases  to  flow.  C  and 
D,  the  evaporating  dish,  are  added.  The  solution  is  siphoned 
over  through  C  and  stops  flowing  when  the  level  in  D  reaches  a 
height  equal  to  E.  The  siphon  can  be  started  by  blowing  in  the 
vent  of  B.  As  evaporation  proceeds,  more  liquid  flows  over, 
maintaining  the  original  level  in  the  dish.  Any  slight  amount 
of  liquid  finally  left  in  C  or  B  can  be  emptied  manually. 

The  evaporation  can  be  carried  out  on  a  water  bath,  steam 
bath,  or  electrical  hot  plate.  Under  certain  conditions,  glass  in  C, 
in  contact  with  the  liquid  in  the  evaporating  dish,  will  be  un¬ 
desirable  when  extremely  pure  liquids  are  evaporated.  In  such 
instances  resistant  glass,  Vycor,  fused  quartz,  or  metal  tubing 
(suitable  for  the  liquid)  can  replace  conventional  Pyrex  tubing. 
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Rapid  Photometric  Determination  of  Total  Nitrogen, 
Phosphorus,  and  Potassium  in  Plant  Material 

BENJAMIN  WOLF,  The  G.  L.  F.-Seabrook  Farms  Raw  Products  Research  Division,  Bridgeton,  N.  J. 


>id  photometric  methods  for  the  determination  of  total  nitro- 
,  phosphorus,  and  potassium  in  plant  material  are  presented, 
plant  material  is  rapidly  ashed  by  means  of  sulfuric  acid  and 
Irogen  peroxide.  Tests  for  the  three  elements  are  run  on  separate 
luots  of  the  ash  extract  by  means  of  a  photoelectric  colorimeter, 
nparison  with  A.O.A.C.  methods  shows  fairly  good  agreement, 
hough  not  so  accurate  as  the  A.O.A.C.  methods,  these  rapid 
hods  provide  for  a  very  rapid  determination  of  nitrogen,  phos- 
irus,  and  potassium  with  sufficient  accuracy  for  many  routine 
poses. 

HE  ash  analysis  of  plant  tissue  yields  much  information  as 
to  the  nutritional  history  of  plants,  affords  an  estimate  as  to 
rate  and  total  amount  of  nutrients  removed  from  the  soil,  and 
ps  the  agronomist  to  meet  this  nutrient  removal.  In  recent 
irs,  the  accurate  ash  analysis  of  specified  plant  tissue  has  been 
d  to  ascertain  the  nutritional  status  of  the  plant  ( 6 ,  7).  A 
liography  covering  recent  investigations  in  ash  analysis  has  been 
pared  (4). 

Fhe  results  of  many  more  ash  analyses  of  plants  would  be  of 
at  importance  to  agriculture.  However,  the  use  of  this  type  of 
dysis  of  plant  tissue  has  been  somewhat  limited  by  the  length 
;ime  required  for  such  determinations. 

rhe  ashing  of  plant  material  can  be  speeded  up  considerably  by 
s  use  of  sulfuric  acid  and  hydrogen  peroxide.  This  method  has 
;n  used  for  the  determination  of  phosphorus  ( 5 )  and  nitrogen, 

I  has  been  suggested  for  other  nutrients  (2). 

Rapid  tests  for  soluble  plant  nutrients  have  been  used  to  prac- 
al  advantage  (5),  but  are  of  limited  value.  They  give  the 
lounts  of  soluble  nutrients  only;  they  do  not  yield  a  complete 
tory  of  plant  nutrition,  nor  give  the  amounts  or  rates  of  nu- 
ent  removal.  The  need  for  knowing  the  total  constituents  in 
int  material,  and  for  obtaining  this  information  for  a  large 
mber  of  samples  in  a  short  time,  has  led  to  the  development  of 
s  rapid  tests  described  in  this  paper. 

These  methods  are  based  on  a  rapid  system  of  wet-ashing  (2) 
d  rapid  photometric  methods.  They  have  been  used  with  suc- 
3S  on  peas,  beets,  spinach,  crimson  clover,  and  rye.  Their 
ief  advantage  lies  in  the  speed  of  determination  (it  is  possible 
•  an  analyst  to  determine  the  total  amounts  of  nitrogen,  phos- 
orus,  and  potassium  in  24  ground  samples  in  1  day).  Added 
vantages  are  in  the  economy  of  reagents  and  labor.  A  large 
mber  of  reagents  prepared  for  the  analysis  of  soluble  nutri- 
ts  in  soils  and  in  plant  extracts  ( 8 )  may  also  be  used  in  these 
3thods.  A  laboratory  equipped  to  determine  soluble  nutrients 
n  also  determine  ash  constituents  of  plants  without  great  addi- 
mal  expense  for  equipment  or  reagents. 

APPARATUS 

In  addition  to  the  apparatus  suggested  for  the  determination  of 
luble  nutrients  in  soil  and  plant  extracts  (<§),  the  following  are 
eded:  plant  mill,  hot  plate,  and  Erlenmeyer  flasks,  50  ml. 
arked  at  50  ml. 

REAGENTS  AND  SOLUTIONS 

All  reagents  are  of  c.p.  grade.  Wherever  possible,  Baker’s 
rnlyzed  reagents  are  used. 

Ashing.  Sulfuric  acid,  concentrated,  nitrogen-free.  Hydro- 
:n  peroxide,  30%. 

Prepabation  op  Ashed  Material.  Morgan’s  Universal  ex¬ 
acting  solution  (S),  0.5  N  acetic  acid  buffered  at  pH  4.8  with  so- 
um  acetate,  hereafter  referred  to  as  extracting  solution. 


Determination  op  Nitrogen.  Graves’  reagent  ( 9 ),  80  grams 
of  sodium  chloride  dissolved  in  130  ml.  of  water,  to  which  are  added 
100  ml.  of  a  cold  saturated  solution  of  mercuric  chloride  (7%) 
with  shaking.  The  salt  is  almost  dissolved  and  70  ml.  of  a  satu¬ 
rated  solution  of  lithium  carbonate  (1  %)  are  added  in  small  quan¬ 
tities  and  with  continued  shaking.  Five  grams  of  talc  are  added 
to  the  solution  which  is  filtered,  stored  in  a  brown  bottle,  and  kept 
stoppered.  The  solution  will  keep  for  several  weeks.  Shake  be¬ 
fore  using. 

Gum  arabic,  0.25%  solution.  Sodium  hydroxide,  15%. 

Standard  nitrogen.  Ammonium  chloride  in  extracting  solution 
to  supply  10  p.p.m.  of  nitrogen. 

Detailed  directions  for  preparing  the  solutions  listed  below 
have  been  given  (8) . 

Determination  op  Phosphorus.  Ammonium  molybdate, 
2.5%  in  6  A  sulfuric  acid.  Aminonaphthol  sulfonic  acid. 

Standard  phosphorus.  Monosodium  phosphate  monohydrate, 
dissolved  in  extracting  solution  to  give  20  p.p.m. 

Determination  of  Potassium.  Sodium  cobaltinitrite. 
Isopropyl  alcohol  (no  formaldehyde).  Gum  arabic  solution  (as 
for  nitrogen). 

Standard  potassium.  Potassium  chloride  in  extracting  solu¬ 
tion  to  supply  50  p.p.m. 

METHODS 

Ashing.  A  0.200-gram  sample  of  finely  ground,  well-mixed, 
plant  material  is  placed  in  a  50-ml.  Erlenmeyer  flask,  marked  at 
50  ml.,  and  3  ml.  of  concentrated  sulfuric  acid  are  added.  The 
flask  is  rotated  to  mix  the  plant  material  with  the  acid.  A  small, 
short-stem  funnel  is  placed  in  the  neck,  and  the  flask  is  heated  on 
a  hot  plate  for  about  5  minutes  after  fuming  starts.  The  tempera¬ 
ture  of  the  hot  plate  is  adjusted  so  that  fumes  are  given  off,  but 
are  not  driven  from  the  flask.  The  flask  is  removed  from  the 
hot  plate  and  allowed  to  cool  for  a  few  minutes,  and  1  ml.  of  30% 
hydrogen  peroxide  is  slowly  added,  dropwise,  to  the  sides  of  the 
funnel  and  flask.  Slow  addition  in  this  manner  avoids  spattering 
and  washes  down  charred  material  adhering  to  flask  or  funnel. 
The  flask  is  reheated  for  about  2  minutes.  If  the  material  is  still 
dark,  the  flask  is  cooled,  rotated,  and  5  additional  drops  of  hy¬ 
drogen  peroxide  are  added  as  before.  The  flask  is  again  heated. 

This  process  of  adding  5  drops  and  reheating  is  repeated  until 
the  solution  is  colorless,  then  the  solution  is  heated  slowly  for  5 
minutes  to  expel  excess  hydrogen  peroxide.  Removing  the  funnel 
prior  to  the  last  heating  will  aid  in  the  expulsion  of  the  hydrogen 
peroxide,  but  care  in  heating  must  be  exercised  to  avoid  loss  of  the 
liquid.  The  flasks  are  cooled,  extracting  solution  is  added  to  the 
mark,  and  the  contents  are  filtered  on  a  Whatman  No.  2  filter 
paper  to  remove  silica.  Aliquots  of  the  filtrate  (referred  to  as  ash 
extract)  are  used  for  the  determination  of  nitrogen,  phosphorus, 
and  potassium.  (Where  many  samples  are  being  run  it  is  con¬ 
venient  to  allow  the  silica  to  settle  out  in  the  flask.  Aliquots  are 
taken  of  the  supernatant  liquid  without  disturbing  the  precipi¬ 
tate  on  the  bottom.) 


Table  I.  Determination  of  Nitrogen,  Phosphorus,  and  Potassium  for 
Standard  Curves  and  in  Plant  Material 

Null 

Adjust¬ 

ment 


Nutrient 

Deter¬ 

mined 

Material 

Useful 

Range 

P.p.m. 

Volume 

of 

Aliquots 

Ml. 

Diluted 

to 

Ml. 

Filter 

Used 

with 

Blank 

to 

Nitrogen 

Standard 

solution 

Ash 

extract 

0  to  8 

20  to  160 

0  to  16 

1 

20 

# 

425 

(blue) 

100 

Phos¬ 

phorus 

Standard 

solution 

Ash 

extract 

0  to  12.5 

1  to  50 

0  to  12.5 

5 

20 

425 

(blue) 

0  (log 
scale) 

Potassium 

Standard 

solution 

0  to  20 

0  to  8 

10 

650 

(red) 

100 

Ash 

extract  50  to  200  1 


121 


122 
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Calibration  of  Standard  Curves.  Standard  curves  for  ni¬ 
trogen,  phosphorus,  and  potassium  are  prepared  by  adding  a 
series  of  aliquots  of  standard  solutions  and  proper  amount  of  the 
blank  to  photometer  tubes,  diluting  to  appropriate  levels  (Table 
I),  and  treating  as  for  the  determination  of  the  elements  in  the 
ash  extract.  Photometer  readings  are  taken  with  a  Fisher  elec¬ 
trophotometer  using  the  appropriate  filters  (Table  I).  Concen¬ 
tration  deflection  curves  are  drawn  from  the  resultant  readings. 

A  suitable  blank  is  prepared  by  ashing  0.200  gram  of  pure  su¬ 
crose  in  the  same  manner  as  the  plant  material,  and  the  ash  is  diluted 
to  50  ml.  with  extracting  solution.  Aliquots  of  this  blank  are 
added  to  each  of  the  standards  as  follows:  1.0  ml.  for  the  nitrogen, 
5  ml.  for  the  phosphorus,  and  1.0  ml.  for  the  potassium  de¬ 
termination. 

Determination  of  Nutrients.  Nitrogen.  To  a  series  of 
photometer  tubes  1.0-ml.  aliquots  of  the  ash  extracts  are  added, 
the  contents  are  diluted  to  20  ml.  with  extracting  solution,  and 
0.2  ml.  of  gum  arabic  solution  is  added  to  each.  The  contents  are 
mixed  by  means  of  a  flat-bottomed  rod  and  0.5  ml.  of  Graves’ 
reagent  is  added.  The  contents  are  again  mixed  by  means  of  the 
flat-bottomed  rod  and  5  ml.  of  15%  sodium  hydroxide  are  added, 
mixing  again  after  the  addition  of  the  hydroxide.  Photometer 
readings  are  taken  in  exactly  15  minutes.  A  425  blue  filter  is  used 
and  the  null  is  adjusted  to  100%  transmission  with  the  blank. 

Phosphorus.  Aliquots  of  the  ash  extracts  (5  ml.)  are  pipetted 
into  a  series  of  photometer  tubes,  the  contents  are  diluted  to  20 

ml.  with  extracting  solution,  and  4  ml.  of  ammonium  molybdate 
solution  and  2  ml.  of  aminonaphthol  sulfonic  acid  solution  are 
added.  The  contents  are  stirred  and  allowed  to  stand  for  15  min¬ 
utes.  Photometer  readings  are  taken,  using  a  425  blue  filter  and 
adjusting  the  blank  to  0  (log  scale). 

Potassium.  Aliquots  of  the  ash  extract  (1  ml.)  are  pipetted  into 
a  series  of  photometer  tubes,  the  contents  are  diluted  to  10  ml. 
with  extracting  solution,  and  to  this  is  added  0.5  ml.  of  gum  arabic 
solution.  The  tubes  are  rotated,  avoiding  any  loss  of  the  liquid, 
then  2  ml.  of  sodium  cobaltinitrite  solution  are  pipetted  directly 
into  the  contents  of  each  tube.  The  tubes  are  rotated  to  mix 
the  contents,  allowed  to  stand  for  5  minutes,  and  10  ml.  of  iso¬ 
propyl  alcohol  are  run  directly  into  the  solution.  (The  isopropyl 
alcohol  should  always  be  added  from  a  uniform  dispensing  unit, 
such  as  an  automatic  pipet,  and  from  a  uniform  height.)  The 
tube  is  stoppered,  inverted  3  times,  and  allowed  to  stand  for  15 
minutes.  The  stopper  is  then  removed  and  photometer  readings 
are  taken,  using  the  650  red  filter  and  adjusting  the  blank  to  100% 
transmission. 

Calculations.  Using  the  photometer  readings  obtained  in 
the  tests,  the  concentrations  in  p.p.m.  can  be  read  directly  from 
the  standard  curves  or  from  charts  prepared  from  such  curves. 

DISCUSSION  OF  METHODS 

Selection  and  Preparation  of  Samples.  Samples  dried  at 
40.56  °  C.(105°  F.)  should  be  finely  ground  (100%  to  pass  a  0.5- 

mm.  sieve)  and  thoroughly  mixed.  As  in  all  cases  where  small  ali¬ 
quots  are  taken  from  large  samples,  it  is  important  that  the 
sample  should  be  finely  ground  and  uniformly  mixed. 

Selection  of  the  portion  of  the  plant  to  be  used  for  testing  de¬ 
pends  upon  the  purpose  of  the  investigation  and  the  type  of  plant 
tested.  Investigations  as  to  the  status  of  nutrition  have  em¬ 
ployed  the  use  of  leaf  material  ( 6 ,  7).  The  entire  plant  should  be 
analyzed  for  determining  the  amounts  and  rates  of  removal  of 
nutrients  by  crops. 

Calibration  of  Standard  Curves.  The  reactions  for  the 
tests  are  influenced  considerably  by  pH  changes.  Use  of  the  buf¬ 
fered  extracting  solution  helps  to  maintain  a  more  uniform  pH 
value.  However,  since  the  addition  of  the  ash  extract  to  extract¬ 
ing  solution  does  cause  a  change  in  the  pH,  it  is  best  compensated 
for  by  adding  a  similar  aliquot  of  the  blank  extract  in  the  calibra¬ 
tion  of  the  standard  curves — for  example,  a  5-ml.  aliquot  of  the 
ash  extract  is  used  in  the  phosphorus  determination.  A  similar 
aliquot  of  the  blank  extract  should  be  added  to  each  aliquot  of 
the  standard  and  the  contents  diluted  to  20  ml. 

Tests.  Aliquots  of  the  ash  extract  of  the  blank  should  be  of 
the  same  volume  and  treated  in  the  same  manner  as  the  aliquots 
of  the  plant  material. 

A  blank  should  be  run  with  all  determination.  The  ashing  by 
means  of  sulfuric  acid  and  hydrogen  peroxide  effects  solution  of 
the  elements  in  question,  with  the  nitrogen  present  in  ammonium 
form.  Silica  precipitates  and  can  be  removed  by  filtration  or  ali¬ 


quots  of  the  ash  extract  may  be  removed  from  the  supernata 
liquid  without  disturbing  the  precipitate. 

In  the  nitrogen  determination,  care  should  be  taken  to  heat  t 
sample  initially  for  about  5  minutes  after  fumes  appear  to  p: 
vent  loss  of  nitrate  nitrogen  ( 2 )  and  aid  in  decomposition  of  t 
complex  organic  nitrogen  compounds.  Baking  should  be  avoid* 
since  it  will  drive  off  nitrogen.  A  large  excess  of  hydrogen  per* 
ide  in  the  ashing  will  cause  an  appreciable  loss  of  nitrogen. 

The  precipitate  formed  by  addition  of  the  Graves’  reagent  a 
sodium  hydroxide  is  greatly  influenced  by  the  time  of  standi 
and  pH.  Repeatable  results  can  be  obtained  by  taking  readir 
exactly  15  minutes  after  the  addition  of  the  sodium  hydroxic 
Changes  in  the  pH  value  due  to  addition  of  the  sample  are  co: 
pensated  for  by  similar  additions  of  the  blank  to  the  standards 
the  preparation  of  the  standard  curves. 


Table  II.  Determination  of  Total  Nitrogen,  Phosphorus,  and 
Potassium  in  Plant  Material 

[Comparison  of  rapid  photometric  methods  with  A.O.A.C.  (I)  method 


Nutrient 

Material 

Rapid  Methods 
%° 

A.O.A.C.  Method 
%° 

Nitrogen 

Wheat  straw 

0.4 

0.308 

Alfalfa 

2.4 

2.82 

Cottonseed  meal 

7.0 

7.25 

Soybean  meal 

7.5 

7.69 

Phosphorus 

Starter  mash  1 

1.01 

1.08 

Starter  mash  2 

0.66 

0.70 

Starter  mash  3 

0.82 

0.77 

Starter  mash  4 

0.68 

0.69 

Starter  mash  5 

0.81 

0.77 

Starter  mash  6 

1.00 

1.04 

Potassium** 

Starter  mash  1 

1.1 

0.95 

Starter  mash  2 

0.8 

0.75 

Starter  mash  3 

0.7 

0.69 

Starter  mash  4 

0.7 

0.75 

Starter  mash  5 

0.7 

0.86 

Starter  mash  6 

0.9 

0.82 

3  Per  oent  of  plant  material  on  a  dry  basis. 

&  Corrections  made  for  ammonium  ion  present. 


The  gum  arabic  gives  a  more  uniform  dispersion,  and  also  * 
ables  the  determination  of  larger  amounts  of  nitrogen. 

The  readings  are  most  accurate  for  nitrogen  in  amounts  fron 
to  8  p.p.m.  With  a  1.0-ml.  aliquot,  this  represents  from  0.5  to  4 
of  total  nitrogen  in  the  dry  tissue;  most  plant  samples  will  f 
within  this  range.  For  material  containing  less  than  0.5%  to 
nitrogen,  a  standard  amount  of  nitrogen  can  be  added  to  the  a 
extract  aliquot  and  subtracted  from  the  results. 

The  phosphorus  determination  is  only  slightly  affected  by  \ 
changes.  Such  changes  are  compensated  for  by  adding  a  simi 
quantity  of  blank  to  the  standard  in  preparation  of  standa 
curves. 

The  phosphorus  test  allows  for  the  determinations  of  phospl 
rus  in  amounts  from  0.25  to  12.5  p.p.m.  This  represents  0.0 
to  1.25%  total  phosphorus  in  the  dry  plant  material,  if  a  5-r 
aliquot  of  the  ash  extract  is  used.  Most  plant  material  will  co 
tain  phosphorus  in  amounts  between  these  figures. 

The  potassium  determination  is  influenced  by  changes  in  j 
value,  by  the  rate  of  mixing  the  alcohol  with  the  cobaltinitri 
by  temperature  changes,  and  ammonia  present. 

The  influence  of  pH  is  nullified  by  taking  the  same  amount 
aliquots  in  all  cases  and  by  adding  similar  amounts  of  the  bla: 
to  the  standards. 

The  colloidal  precipitate  formed  by  the  addition  of  the  alcot 
is  greatly  influenced  by  the  speed  with  which  the  alcohol  is  add 
and  subsequent  shaking  thereof.  Gum  arabic  aids  in  the  forn 
tion  of  a  more  uniform  precipitate.  However,  constantly 
obtain  uniform  precipitates,  the  alcohol  should  be  delivered  frc 
the  same  apparatus  at  a  constant  height  above  the  contents  in  t 
photometer  tube.  By  adding  the  alcohol  from  a  3-way,  10-c 
automatic  pipet  directly  into  the  contents  and  immediately  stc 
pering  and  inverting  3  times,  fairly  uniform  precipitates  were  c 
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jined.  Previously  (8)  alcohol  was  added  slowly  down  the  sides 
the  tube  and  rotated.  The  present  method  is  more  accurate, 
pee  there  is  less  dependence  on  the  individual  operator. 

If  large  changes  in  temperature  take  place  in  the  laboratory, 
iparate  standard  curves  should  be  drawn  for  every  5°  C.  This 
iems  simpler  than  cooling  to  a  standard  temperature. 

In  previous  methods  (8),  formaldehyde  was  used  to  avoid  *in- 
rference  of  ammonia.  Formaldehyde  lessens  interference  from 
inmonia  but  also  reduces  the  sensitivity  for  the  determination  of 
>tassium  in  lower  concentrations.  In  the  present  method,  there 
;  no  provision  for  avoiding  the  interference  of  ammonium  ion  in 
be  test  but  a  correction  for  the  ammonium  ion  is  made.  Curves 
on  be  drawn  showing  the  influence  of  adding  standard  amount  of 
mmonium  ions  to  definite  amounts  of  potassium  and  deductions 
ade  according  to  such  graphs.  For  practical  purposes  an 
/•curate  correction  can  be  made  by  use  of  the  following  equation: 

=  0.16  (A)(B)  where  X  =  %  potassium  to  be  deducted,  A  — 
,  total  nitrogen,  and  B  =  %  potassium  (uncorrected),  all  on  a 
ry  weight  basis.  This  correction  is  based  on  a  1-ml.  sample 
'  the  ash  extract. 

The  potassium  test  is  satisfactory  for  potassium  in  amounts  of 
to  20  p.p.m.  If  a  1-ml.  sample  is  used  this  represents  1.25  to 
0%  total  potassium  in  plant  material.  For  amounts  less  than 
25%  potassium,  a  standard  amount  of  potassium  is  added  to 
le  aliquot  and  later  deducted  from  the  results. 

Accuracy.  The  nitrogen  test  can  be  repeated  with  an  accu- 
icy  of  0.2  p.p.m.,  providing  the  final  ammonium  nitrogen  content 
between  0.5  and  4  p.p.m.  This  represents  0.2%  of  total 
itrogen  on  a  dry  weight  basis  for  amounts  between  0.5  and  4% 
f  nitrogen.  Comparison  of  the  rapid  method  (Table  II)  with 
le  A.O.A.C.  method  shows  fairly  good  agreement. 

Phosphorus  determinations  can  be  repeated  within  0.2  p.p.m. 


Based  on  a  5-ml.  aliquot,  this  represents  0.02%  total  phosphorus 
in  the  plant  material.  Phosphorus  determinations  of  starter 
mash  agreed  very  closely  with  A.O.A.C.  values  (Table  II). 

The  potassium  test  is  perhaps  the  least  accurate  of  the  three, 
primarily  because  it  is  influenced  by  so  many  factors.  However, 
if  precipitated  under  uniform  conditions  and  effect  of  tempera¬ 
ture  and  ammonium  ion  are  taken  into  consideration,  fairly  ac¬ 
curate  results  can  be  obtained.  The  test  can  be  repeated  within  1 
p.p.m.  in  a  range  of  5  to  20  p.p.m.  Based  on  a  1-ml.  sample,  this 
represents  0.25%  potassium  in  a  total  potassium  content  of  a 
plant  material  from  1.25  to  5.0%.  Agreement  with  the  A.O.A.C. 
method  (Table  II)  was  fair. 
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Photoelectric  Photometry 


An  Analysis  of  Errors  at  High  and  at  Low  Absorption 

OBERT  HOUSTON  HAMILTON,  Department  of  Physiological  Chemistry,  Temple  University  School  of  Medicine,  Philadelphia,  Pa. 
Mathematical  and  experimental  proofs  show  that  errors  in  setting  readings  or  logarithms  thereof  to  respective  concentrations  of 


le  zero  point  and  /0  on  the  galvanometer,  and  in  reading  the  galva- 
ometer  deflection  for  transmitted  light,  produce  high  relative  errors 
hen  a  photoelectric  photometer  is  used  with  solutions  of  high  or  of 
>w  absorption.  For  maximum  accuracy,  conditions  should  be  so 
hosen  that  readings  of  transmitted  illumination  fall  on  the  central 
ortion  of  the  scale. 

V|UMEROUS  photoelectric  devices  are  in  use  in  chemistry 
^  laboratories  throughout  the  country.  Most  of  them 
‘photoelectric  colorimeters”)  are  used  for  measuring  the  relative 
•mount  of  light  transmitted  by  a  given  depth  of  colored  liquid 
1 1  order  to  determine  the  concentration  of  solute  which  absorbs 
ght  of  a  certain  wave  length.  The  light  used  in  measurement  is 
restricted  to  more  or  less  narrow  bands  by  means  of  filters, 
risms,  or  gratings.  Measurement  is  effected  by  reading  the 
reflection  of  a  galvanometer  caused  by  a  photoelectric  cell,  or 
;iy  use  of  a  potentiometer  to  balance  the  circuits  of  two  photo- 
:  lectric  cells. 

Several  articles  dealing  with  errors  involved  in  the  use  of  these 
•lstruments  have  appeared.  Two  such  articles  have  dealt  with 
rrors  produced  by  wide  transmission  bands  and  other  sources 
•  f  stray  light  (1,  4)-  The  most  satisfactory  means  of  meeting 
his  deficiency  and  controlling  the  errors  arising  from  it  has  been 
o  construct  empirical  analytical  curves  relating  galvanometer 


solute.  Elimination  of  errors  of  this  type,  the  result  of  instru¬ 
ment  limitations,  remains  a  problem  for  instrument  designers 
and  manufacturers. 

There  remain,  however,  several  sources  of  error  which  can  be 
minimi/eH  by  proper  use  of  available  instruments,  provided  the 
user  is  aware  of  the  existence  of  these  errors  and  of  the  precautions 
necessary  to  make  them  as  small  as  possible.  Most  chemists 
know  in  a  general  way  that  maximum  accuracy  cannot  be 
achieved  when  galvanometer  readings  are  either  very  high  or 
very  low.  The  magnitude  of  the  errors  which  may  occur  at  each 
end  of  the  scale  makes  an  analysis  of  them  desirable. 

When  approximately  monochromatic  light  of  a  wave  length 
in  the  region  of  light  absorption  of  the  solution  is  used,  the  Beer- 
Lambert  law  applies  closely  to  most  colored  solutions.  Let  us 
assume  conditions  such  that  the  law  is  valid,  and  further  assume 
that  galvanometer  deflection  is  proportional  to  the  intensity  of 
fight  striking  the  photocell.  Then 


where  y  is  the  ratio  of  the  intensity  of  transmitted  fight,  /,  to  the 
intensity  of  incident  fight,  I o,  e  is  the  Napierian  base,  c  is  the  con¬ 
centration  of  light-absorbing  molecules,  and  k  is  a  positive  con¬ 
stant  determined  by  the  nature  of  the  solute  molecule,  the  wave 
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length  of  light  used,  and  the  effective  thickness  of  the  liquid 
layer.  Equation  1  is  plotted  in  Figure  1. 


ERROR  IN  THE  GALVANOMETER  READING  FOR  / 

Suppose  a  small  error,  i,  or  A y,  either  positive  or  negative,  is 
made  in  the  galvanometer  reading.  This  error  will  cause  an 
erroneous  reading,  to  be  obtained  for  the  transmitted  light, 
such  that 


T' 

—  =  k(c  4-  Ac) 
Io 


(2) 


For  a  given  value  of  i,  Ac  (the  absolute  error  in  c)  will  be  least 
for  low  concentrations  of  solute,  since  the  curve  is  steepest  here. 

However,  in  this  region  the  relative  value  of  the  error,  — ,  is 

c 

large  because  of  the  smallness  of  c.  F or  high  values  of  c,  the  curve 
flattens  out,  and  for  a  given  value  of  i ,  Ac  becomes  large,  so  that 
Ac 

—  again  becomes  large.  Since  minimum  relative  errors  (per¬ 
centage  errors)  are  usually  desired  in  analytical  work,  values  of 

Ac 

c  which  will  produce  the  minimum  value  of  —  should  be  sought. 


Figure  1 .  Relationship  between  Fraction  of  Incident 
Light  Transmitted  by  the  Solution  (Ordinates)  and 
the  Concentration  of  Light-Absorbing  Molecules 
(Abscissas) 


Figure  2.  Relative  Error  in  Results  Obtained  When  a  Given  Erroi 
Is  Made  in  the  Reading  for  Transmitted  Light 


A c  =  “  (approximately) 


(' 


where 


m  -  -  /'(c)  =  — ke_fe: 


Designate  the  relative  or  “percentage”  error  in  the  concentr; 
tion  of  the  solute  by  E.  Then  from  7  and  6, 


E  =  —  =  Ay 


cm 


=  i(  A-A 

Io  \  — kce~kc ) 


Since  log cy  =  —kc, 


X 

The  fraction  T  is  the  ratio  of  the  galvanometer  error  to  the  sea 
■'0 

length. 

The  function  E i,  defined  by  the  relationship 

E>-  -B(f) 


y  logey 

is  plotted  as  the  smooth  curve  in  Figure  2,  where  abscissas  a 
indicated  as  galvanometer  readings  (100  y).  In  this  figure, 
Io  =  100,  and  if  i  —  1,  Ei  becomes  the  percentage  error  in  tl 
determination  of  c. 


The  relationship  of  the  erroneous  reading,  to  the  true  value, 
I,  is  as  follows: 


I'  =I  +  i 

(3) 

whence 

II 

<S>. 

(4) 

Now 

r  1 
i  =  Ay  =  y  y 

■to  -to 

(5) 

and  substituting  from  4, 

.  _ I  -j-  i  / 

A?/  j  j 

-to  to 

i 

To 

(6) 

From  Figure  1  it  is  apparent  that  slope  m,  of  the  curve, 
y  =  e  kc,  is  equal  approximately  to  Then 


Figure  3.  Relative  Error  in  Results  Obtained  When  a  Given  Erro 
Is  Made  in  Setting  the  Zero  Point  on  the  Galvanometer 
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Figure  4.  Relative  Error  in  Results  Obtained  When  a  Given  Error 
Is  Made  in  Setting  /o  on  the  Galvanometer 


The  function  E i  has  a  minimum  found  by  setting  the  derivative 
qual  to  zero  and  solving  for  c : 

dEi  _  d(y  log„2/)-1  _  d{k~lc~lekc) 
dc  dc  dc 

-;(‘-k)<w-0 

There  is  a  real  finite  root  at  c  =  l/k,  or  y  =  1/e  =  0.368.  Thus, 
le  minimum  relative  error  in  the  determination  of  the  concen- 
■ation  of  solute,  resulting  from  a  random  error  in  reading  the 
alvanometer,  is  achieved  when  the  reading  is  36.8  ( h  —  1001. 
Attention  was  called  to  this  fact  by  Twyman  and  Lothian  (5). 
logness,  Zscheile,  and  Sidwell  (1)  published  the  curve  in  Figure 
in  a  modified  form,  as  did  Ringbom  (2).  Schleicher  ( 8 )  used  a 
lodification  of  Equation  9'  in  the  calculation  of  average  error 
ver  the  useful  portion  of  the  error  curve.  ] 

If  the  base  10  is  used  instead  of  e,  Equation  8  becomes 

E  =  To  (— fcc.lO-0-4343*')  (8  ) 

Equation  9  becomes 


I'  -  i  =  I 

I  o  —  i  I  o 


From  5, 


The  function  E-i,  defined  by  the  relationship 


is  plotted  as  the  smooth  curve  in  Figure  3. 


(10) 

(ID 


(12) 


(13) 


ERROR  IN  THE  GALVANOMETER  SETTING  FOR  h 

Notations  are  used  as  above,  except  that  i  now  represents  the 
error,  positive  or  negative,  in  the  setting  of  I0,  or  resulting  from 
drift  from  this  setting.  N ow 

r  =  / 

A>  +  i  h 


whence 


From  5, 


The  function  E%,  defined  by  the  relationship 


(14) 


E3 


-1 

log«y 


(15) 


is  plotted  as  the  smooth  curve  in  Figure  4. 

An  interesting  relationship  now  becomes  apparent.  Ordinates 
of  the  curve  in  Figure  2  can  be  obtained  by  adding  corresponding 
ordinates  of  those  in  Figures  3  and  4.  In  other  words, 


y  logio  y 

The  latter  curve  has  a  minimum  at  c  =  l/k,  or  y  =  10~°-4343  = 
.368. 

It  is  interesting  to  note  how  steeply  the  error  curve  rises  at 
igh  and  at  low  galvanometer  readings.  Experimental  verifi- 
ation  of  the  importance  of  this  curve  is  shown  below. 

ERROR  IN  SETTING  ZERO  POINT  OF  GALVANOMETER 

When  sensitive  galvanometers  are  employed,  the  general  pro- 
edure  is  to  set  the  galvanometer  at  zero  when  no  light  is  reaching 
he  photocell  or  tube.  With  solvent  or  blank  in  the  cuvette  or 
bsorption  cell,  the  circuit  is  next  adjusted  so  that  the  galvanom- 
ter  reads  100  (incident  illumination,  I0).  Following  these 
ettings,  the  light-absorbing  solution  replaces  solvent  or  blank, 
nd  a  galvanometer  reading  is  made  (transmitted  illumination, 
).  Above  we  have  considered  errors  involved  in  this  final  read- 
ng.  Errors  in  the  first  two  settings  are  of  the  same  magnitude 
a  the  latter,  and  are  furthermore  subject  to  possible  increase 
luring  use  of  the  instrument,  owing  to  drift  of  the  galvanometer 
.nd  to  fatigue  and  hysteresis  of  the  photocell. 

In  considering  errors  arising  from  setting  the  zero  point  of  the 
;alvanometer,  assumptions  and  notations  are  as  above,  except 
hat  i  is  now  used  to  represent  the  error,  positive  or  negative,  in 
he  zero  point  of  the  galvanometer.  The  relationship  of  the 
erroneous  value,  to  the  true  value,  I,  is  as  follows: 


Ei  =  Ei  +  E3  (see  Figure  5) 

Reflection  shows  that  this  relationship  simply  means  that  if 
an  error  in  the  same  direction  is  made  at  both  ends  of  the  scale, 
the  additive  effect  is  to  shift  the  whole  scale,  and  to  produce  the 
same  error  in  every  reading  of  I. 


Galvanomete  r-  T?e  ad  in  <j 

Figure  5.  Relationship  between  Curves  Shown  in  Figures  3,  and  4 
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These  three  curves  of  relative  error  emphasize  the  desirability 
of  employing  such  conditions  that  galvanometer  readings  fall  on 
the  central  portion  of  the  scale.  Only  thus  will  be  minimized  the 
effect  of  three  sources  of  error — namely,  in  settings  of  the  galva¬ 
nometer  for  zero  and  for  incident  illumination,  and  in  readings  of 
the  values  for  transmitted  illumination. 

EXPERIMENTAL 

Solutions  of  bromosulfalein  were  made  up  in  0.01  N  sodium 
hydroxide,  and  light  transmissions  were  determined  with  an 
Evelyn-type  colorimeter,  a  light  filter  with  maximum  transmission 
at  about  576  m^  being  used.  Readings  were  again  determined 
with  To  set  at  101  (+1'%  error  in  1 0 ).  The  errors  produced  by 
this  change  were  calculated  on  a  percentage  basis,  under  the  as¬ 
sumption  that  the  Beer-Lambert  law  was  applicable.  These 
errors  are  plotted  as  points  in  Figure  4. 

Next  the  zero  point  of  the  galvanometer  was  set  at  1  on  the 
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scale,  with  Ia  at  100.  Readings  were  repeated.  The  percentagi 
errors  are  plotted  as  points  in  Figure  3. 

Finally  the  zero  point  was  set  at  1,  and  70  was  set  at  101.  Per 
centage  errors  are  plotted  in  Figure  2. 

It  will  be  noted  that  random  errors  affect  the  conformatioi 
of  the  plotted  points  to  the  theoretical  error  curves,  especially  a 
the  ends  of  the  scale,  where  such  errors  have  more  weight 
Otherwise  agreement  is  good. 
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Extraction  of  Oil  and  Vitamin  A  in  Shark  Liver  Analysis 

The  Xylene-Centrifuge  Method 

V.  M.  SYCHEFF,  Stanford  University,  Calif. 


Xylene  as  a  low-density  solvent  for  the  simultaneous  centrifugal  ex¬ 
traction  and  determination  of  oil  and  vitamin  A  is  advocated  for 
mass  routine  analysis  of  shark  livers.  The  solvent  need  not  be  re¬ 
moved  prior  to  the  colorimetric  determination  of  the  vitamin  by  the 
Rosenthal-Weltner  method.  Moreover,  the  precision  of  the  method 
for  both  oil  and  vitamin  A  is  from  1  to  2%  for  most  samples  en¬ 
countered  during  a  large  routine  run. 

IT  OCCURRED  to  the  author  that  a  solvent  having  a  relatively 
low  rate  of  evaporation  would  afford  more  ease  and  less  error 
in  handling  aliquots  of  the  extracts  than  would  solvents  hitherto 
employed.  This  is  especially  important  on  warm  days.  A  low 
density  would  permit  use  of  centrifugation  and  would  result  in  a 
clear  supernatant  extract.  The  solvent  selected  should  exercise 
no  deleterious  effect  on  the  vitamin  A-antimony  trichloride  color, 
thereby  allowing  addition  of  the  solvent  containing  the  oil  directly 
to  the  chloroform  solution  of  antimony  trichloride.  Finally,  the 
transmittancy  of  the  solvent  to  light  in  the  spectral  range  used 
for  the  assay  should  be  high. 

Purified  xylene  possesses  these  properties  and  in  addition  is 
less  toxic  and  permits  a  lower  unit  cost  per  analysis  than  is  true 
of  other  solvents  used  in  vitamin  A  analysis.  Its  mutual  solu¬ 
bility  with  water  is  low,  thus  obviating  the  use  of  dehydrating 
agents. 

EXPERIMENTAL 

“Xylene  (xylol)  pure”  as  obtained  from  supply  houses  is  found 
to  contain  a  considerable  quantity  of  interfering  materials.  How¬ 
ever,  a  good  grade  of  solvent  with  excellent  keeping  qualities  can 
be  obtained  by  the  following  treatment.  The  crude  xylene  is 
first  washed  with  concentrated  sulfuric  acid  until  no  further  char¬ 
ring  occurs  and  then  with  water.  The  solvent  is  then  treated 
with  10  to  20%  sodium  bisulfite,  washed  with  water,  dried  over 
anhydrous  sodium  sulfate,  and  distilled  in  an  all-glass  still.  The 
fraction  boiling  at  134°  to  142°  C.,  with  a  yield  of  75  to  80%,  is 
collected  for  the  vitamin  A  and  oil  extraction. 

The  Rosenthal-Weltner  reaction  ( 1 )  was  measured  in  a  Klett- 
Summerson  photoelectric  colorimeter  using  a  green  (No.  54)  filter. 
The  direct  absorption  at  328  my.  was  determined  with  a  Beckman 
quartz  prism  spectrophotometer  using  isopropanol  as  the  solvent. 
,  The  transmission  curves  of  the  Rosenthal-Weltner  reaction  were 
obtained  on  a  Coleman  10-S  spectrophotometer  (5  my  slit  width) . 

In  order  to  test  the  effect  of  xylene  on  the  transmission  curve 
of  the  Rosenthal-Weltner  color  a  natural  vitamin  A  ester  con¬ 
centrate  (200,000  I.U.  per  gram)  was  diluted  1  to  100  in  chloro¬ 
form  as  well  as  in  xylene.  To  2  ml.  of  each  solution  contained 
in  Coleman  tubes  (1.6  mm.  in  inside  diameter)  were  added  2  ml. 
of  0.5%  guaiacol-chloroform  solution  and  6  ml.  of  30%  antimony 


trichloride-chloroform  reagent.  The  corked  tubes  were  place 
in  a  62°  C.  water  bath  for  0.75  minute,  then  cooled  to  room  ten: 
perature  under  the  tap.  Percentage  transmissions,  referred  to 
blank  consisting  of  the  reagents  and  the  appropriate  solvent  ir 
stead  of  the  oil  solution,  were  taken  at  intervals  of  10  m^  in  th 
range  500  to  575  my.  The  results  are  shown  in  Table  I.  Th 
same  procedure  was  applied  to  xylene  extracts  of  three  lov 
potency  oils.  The  zone  of  maximum  absorption  was  found  t 
be  identical  with  that  of  high-potency  oils.  Transmission  by  th 
xylene-chloroform  mixture  alone,  which  served  as  a  blank,  wa 
97%  in  this  zone. 


Table  I.  Transmission  of  Chloroform  and  Chloroform-Xylene 
Solutions  of  the  Violet  Vitamin  A-Antimony  Trichloride  Color 

Transmission 


Wave  Length 

Chloroform 

Chloroform-xylene 

mil 

m 
/ o 

% 

500 

62  0 

63.5 

510 

55. 5 

56.5 

520 

47.25 

48 . 25 

530 

42.0 

43.0 

540 

39.0 

40.0 

550 

38.0 

38.5 

560 

41.0 

41.5 

570 

53.5 

53.5 

575 

70.0 

70.0 

ANALYTICAL  PROCEDURE 

A  0.2-  to  0.5-gram  portion  of  a  representative  liver  sampl 
which  has  been  previously  homogenized  for  5  to  8  minutes  in 
Waring  Blendor,  is  transferred  quickly  to  the  bottom  of  a  tare 
15-ml.  graduated  conical  centrifuge  tube  and  weighed  to  tl 
nearest  milligram.  Ten  milliliters  of  purified  xylene  are  directe 
in  a  sharp  stream  to  the  center  of  the  material  in  the  tube  whic 
is  shaken  vigorously  for  50  to  100  strokes,  centrifuged  for  5  mil 
utes  at  2500  r.p.m.,  inverted  once  or  twice,  and  recentrifuged  f< 
another  5  minutes.  The  total  volumes  of  liver,  solvent,  aE 
xylene-insolubles  are  recorded  and  a  5-ml.  aliquot  of  the  supe 
natant  extract  is  evaporated  to  dryness  at  65°  to  85°  C.  undi 
atmospheric  pressure.  The  evaporation  of  the  solvent  undi 
these  conditions  is  complete  in  about  4  hours.  A  1-ml.  aliqu< 
of  the  supernatant  is  also  collected  and  is  diluted  as  required  ft 
the  colorimetric  assay.  The  Rosenthal-Weltner  color  is  deve 
oped  as  mentioned  above  and  its  intensity  is  measured  in 
Klett-Summerson  photoelectric  colorimeter.  Results  are  pr 
sented  in  Table  II. 

CALCULATION  OF  RESULTS 

The  percentage  of  oil  in  the  liver  sample  can  be  easily  calculate 
from  the  formula: 
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]00  w{V  —  v) 
5  W 


20w(F  —  v) 

W 


=  percentage  of  oil  in  liver 


here  W  is  the  weight  of  liver,  w  is  the  weight  of  oil  in  the  5-ml. 
liquot,  V  is  the  total  volume  of  liver  and  solvent,  and  v  is  the 
olume  of  the  xylene-insoluble  residue. 

The  potency  in  International  Units  per  gram  of  oil  is  calculated 
rom  the  following: 


R  F 

=  X  -  =  I.U.  per  gram  of  oil 
V  p 


irhere  R  is  the  colorimeter  reading,  F  is  the  conversion  factor 
mployed  to  convert  readings  to  International  Units,  and  has  a 
•alue  of  42.6  as  determined  on  various  concentrates,  V  is  the 
■olume  in  ml.  of  undiluted  extract,  and  p  is  the  percentage  of  oil 
n  the  undiluted  extract. 


able  II.  Comparison  of  Methylene  Chloride  and  Xylene  Extraction 
Methods  for  Oil  and  Vitamin 

Xylene-Centrifuge  Methylene  Chloride 


Sample 

Oil 

Rosenthal- 

Oil 

Ultraviolet 

Rosenthal- 

Xo. 

content 

Weltner 

content 

absorption 

Weltner 

I.V./g. 

I.U./g. 

I.U./g. 

% 

oil 

% 

oil 

oil 

C4 

50.0 

100,700 

53  0 

128,600 

99,100 

C5 

51.3 

96,500 

54.5 

107,200 

91,700 

C6 

74.0 

24,500 

74.1 

33,000 

26,200 

119 

58.8 

167,200 

59.8 

153,100 

158 

36.5 

3,460 

39.0 

3J80 

3,570° 

171 

75.0 

278 

70.8 

300 

75.0 

278 

74.7 

293 

.  . 

77.9 

285 

, . 

72.1 

270 

172 

74.1 

53,400 

77.3 

61,200 

54,000 

173 

75.8 

37,700 

76.3 

41,200 

36,500 

174 

78.4 

38,900 

76.4 

39,900 

180 

78.8 

52,000 

74.3 

54,800 

181 

46.6 

4,324 

43.3 

3,280 

47.1 

4,468 

216 

70.1 

14,400 

68.1 

15,100 

69.6 

14,400 

69.1 

13,900 

67.4 

13,500 

#  t 

68.9 

13,500 

217 

37.8 

352,200 

41.9 

332,800 

38.2 

362,000 

.  . 

41.0 

342,300 

34.2 

357,000 

. . 

34.1 

329,500 

. . 

•  Routine  application  of  methylene  chloride  technique  (£)  gave  a  cloudy 
extract  possessed  of  an  orange-red  rather  than  violet  color.  The  sample 
therefore  was  saponified  and  on  analysis  by  the  xylene  method  gave  the  cor¬ 
rect  oolor  and  a  value  which  agreed  closely  with  that  obtained  by  application 
of  the  xylene  method  to  unsaponified  oil. 


DISCUSSION 

The  maximum  intensity  of  the  Rosenthal-Weltner  color  appears 
at  the  moment  the  blue  tinge  about  the  longitudinal  axis  of  the 
tube  has  disappeared  and  requires  about  0.75  minute  to  develop. 
At  room  temperature  the  color  is  stable  for  20  to  30  minutes  and 
then  slowly  decreases  in  intensity  with  the  appearance  of  an 
orange  tinge. 

Table  I  indicates  that  the  presence  of  xylene  in  the  color  reac¬ 
tion  has  no  significant  effect  on  either  the  position  of  the  absorp¬ 
tion  maximum  or  the  intensity  of  the  color  produced.  In  fact, 
xylene  up  to  a  concentration  of  40%  in  the  final  reaction  mixture 
has  no  effect  on  the  color  intensity.  If,  however,  chloroform  is 
completely  replaced  by  xylene  in  the  reaction,  the  value  of  the 
conversion  factor  employed  changes. 

Table  II  compares  the  results  obtained  with  methylene  chlo¬ 
ride  (#)  and  xylene  extraction  procedures  for  oil  and  vitamin  A 
with  a  few  figures  for  the  potencies  obtained  by  direct  absorption 
at  328  mju.  Samples  171,  216,  and  217  were  repeated  5  times 
each  in  order  to  test  the  precision  of  the  method  under  ordinary 
routine  conditions.  The  average  values  for  these  samples  were: 
75.0  ±  1.6%,  69.0  ±  1.0%,  and  37.0  =*=  6.2%,  respectively,  for 
the  percentage  of  oil;  and  280  =*=  2.1%;  13,940  ±  2.1%  and 
348,500  ±  2.9%,  respectively,  for  the  potency. 


The  agreement  between  the  colorimetric  values  obtained  on 
xylene  or  methylene  chloride  extracts  is  sometimes  excellent 
and  sometimes  only  fair.  An  explanation  may  be  found  in  the 
fact  that  even  low-potency  xylene  extracts  analyzed  by  the 
Rosenthal-Weltner  reaction  give  colors  that  follow  Beer’s  law  in 
the  ranges  studied,  an  observation  that  is  not  always  realized 
when  using  other  solvents.  The  author  believes  that  xylene  does 
not  extract  certain  undesirable  products  that  tend  to  cause  the 
color  to  deviate  from  linearity  and  to  be  off  shade. 

Most  of  the  results  obtained  on  direct  absorption  at  328  m^  are 
high  compared  to  the  colorimetric  values.  This  observation  is 
hard  to  explain,  but  the  direct  spectrophotometric  method,  like 
the  biological,  is  an  entirely  different  method  of  assay:  it  is  un¬ 
usual  for  the  three  methods  to  be  in  close  agreement.  However, 
samples  C4,  C5,  and  C6  were  core  samples  whose  previous  his¬ 
tories  are  not  well  known,  while  samples  158,  172,  and  173  were 
fresh  samples  kept  in  dry  ice  until  analyzed. 

Certain  livers  of  low  oil  content,  such  as  No.  217,  present  erratic 
results.  The  precision  of  the  method  in  these  cases  can  be  greatly 
increased  by  making  two  extractions  with  7  ml.  of  xylene  each, 
the  first  containing  a  single  drop  of  20%  trichloroacetic  acid.  In 
such  cases  the  contents  of  the  centrifuge  tube  are  stirred  vigor¬ 
ously  by  means  of  a  spiral  conical  stirrer  made  of  0.75-mm. 
yellow  copper  alloy  spring  wire.  The  combined  extracts  are 
made  up  to  15  ml.  with  xylene  and  analyzed  in  the  usual  manner. 
This  treatment  coagulates  the  tissue  and  allows  the  solvent  and 
tissue  to  separate  freely. 

The  4  hours  required  to  evaporate  the  xylene  from  the  5-ml. 
aliquots  is  an  advantage  in  mass  analysis.  The  loss  of  solvent 
during  centrifugation  and  other  manipulations  is  reduced  to  a 
minimum  and  ample  time  is  afforded  to  assay  the  potency  of  a 
large  number  of  samples  before  it  becomes  necessary  to  weigh 
the  residual  oil. 

Experiments  with  kerosene,  a  very  inexpensive  and  readily  pro¬ 
curable  solvent,  show  that  it  may  be  used  in  emergency  in  place 
of  xylene;  however,  its  use  is  limited  by  the  low  solubility  therein 
of  antimony  trichloride;  this  militates  against  the  use  of  kerosene 
in  analysis  of  livers  of  very  low  potency. 


SUMMARY 

Purified  xylene  may  be  successfully  used  to  extract  oil  and 
vitamin  A  from  shark  livers  and  the  potency  of  the  oil  may  be 
determined  directly  on  an  aliquot  of  the  xylene  centrifuge  extract 
by  the  Rosenthal-Weltner  method.  The  violet  color  follows 
Beer’s  law  even  with  low-potency  samples,  a  fact  not  always 
realized  when  using  other  solvents  for  the  extraction.  The  ex¬ 
tracts  are  never  cloudy,  as  is  often  the  case  when  using  such  sol¬ 
vents  as  diethyl  ether,  chloroform,  or  methylene  chloride. 
Through  the  use  of  purified  xylene  it  is  possible  to  simplify  further 
an  already  rapid  method  for  the  simultaneous  determination  of 
oil  and  vitamin  A  in  these  livers. 
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Colorimetric  Determination  of  Germanium  as 
Molybdigermanic  Acid 

R.  E.  KITSON  WITH  M.  G.  MELLON 
Purdue  University,  Lafayette,  Ind. 


A  spectrophotometric  study  of  the  molybdigermanic  acid  method 
for  determining  germanium  shows  the  procedure  works  well  when  the 
yellow  color  is  developed  in  5  N  acetic  acid  solution.  Preferably 
the  molybdate  solution  is  added  to  the  acidified  germanate  solution. 
For  5-cm.  thickness  the  range  is  0  to  30  p.p.m.,  through  which 


GERMANATES,  phosphates,  silicates,  and  arsenates  have 
long  been  known  to  form  heteropoly  compounds  with 
molybdates,  tungstates,  and  vanadates.  These  complexes,  of 
which  ammonium  molybdiphosphate,  (NH4)3  [P(Mo50]o)4].rH20, 
is  a  well-known  example,  have  found  many  applications 
in  analytical  chemistry  {10).  Colorimetric  uses  are  based  upon 
the  colors  of  the  soluble  complexes  or  of  their  reduction  products. 

Molybdigermanic  acid,  H4  [Ge(Mo3Oio)4].a:H20,  was  first 
prepared  by  Schwarz  and  Giese  (5)  and  by  Grosscup  (3),  who 
noted  its  intense  yellow  hue  and  its  solubility  in  water  and  certain 
organic  solvents.  Although  Grosscup  suggested  its  use  in 
colorimetry,  Alimarin  and  Ivanov-Emin  {1)  were  the  first  to 
apply  it.  Several  methods  based  upon  reduction  of  this  acid  to  a 
molybdenum  blue  have  appeared  in  the  literature  since  1930 
{2,  4,  6,  7),  but  little  work  has  been  done  with  any  of  them. 

Since  so  few  have  used  the  acid  itself,  the  present  investiga¬ 
tion  was  undertaken  to  extend  our  knowledge  of  the  method, 
special  attention  being  given  to  determining  the  optimum  con¬ 
ditions  for  developing  and  stabilizing  the  color  and  to  observing 
the  effect  of  diverse  ions  upon  it. 

APPARATUS  AND  SOLUTIONS 

Transmittancy  measurements  were  made  in  5.00-cm.  cells 
with  a  General  Electric  recording  spectrophotometer  adjusted 
for  a  spectral  band  width  of  10  m n.  All  numerical  calculations 
were  based  on  transmittancy  readings  of  the  photometer  dial  at 
440  m/i  rather  than  on  the  recorded  curve.  A  glass  electrode  was 
used  for  making  pH  measurements. 

Germanium  tetrachloride  (c.p.)  was  hydrolyzed  to  the  dioxide 
by  treatment  with  water.  This  material  was  purified  by  a  pro¬ 
cedure  similar  to  that  of  Johnson  and  Dennis  {5).  The  standard 
germanium  solution  was  prepared  by  fusion  of  0.3602  gram  of  the 
dry  dioxide  with  2.0  grams  of  sodium  carbonate,  dissolution  in 
water,  and  dilution  to  1000  ml.  Dilutions  of  this  stock  solution 
containing  0.1  mg.  of  germanium  per  ml.  were  used. 

Ammonium  molybdate  solutions  were  made  by  dissolving  the 
c.p.  salt,  (NH4)6Mo7024.4H20,  in  warm  water.  Since  the  solu¬ 
tions  developed  a  turbidity  on  standing,  they  were  prepared 
fresh  every  48  hours. 

The  various  acids  used  were  of  the  usual  reagent  quality. 
Standard  solutions  of  the  recrystallized  salts  used  to  observe 
the  effect  of  diverse  ions  on  the  color  reaction  contained  10  mg. 
of  the  ion  per  ml.  of  solution.  Nitrate,  acetate,  or  sulfate  salts 
of  the  cations,  and  potassium,  sodium,  or  ammonium  salts  of  the 
anions  were  used. 

Recrystallized  picric  acid,  and  potassium  chromate  and  dichro¬ 
mate  were  used  in  preparing  solutions  for  permanent  standards. 

Except  for  storage  in  Pyrex  bottles,  no  special  attempt  was 
made  to  avoid  contamination  by  silica.  Since  most  of  the  work 
was  comparative  in  nature,  this  should  have  introduced  no  serious 
error.  In  cases  where  it  was  desired  to  avoid  contamination  all 
solutions  were  used  within  24  hours  after  preparation. 

COLOR  REACTION 

The  yellow  color  which  forms  when  molybdate  solutions  are 
added  to  acidified  germanate  solutions  depends  upon  the  forma¬ 
tion  of  a  heteropoly  acid.  The  intensity  and  stability  of  the 
color  are  functions  of  the  germanium  concentration,  the  acid 


Beer's  law  applies.  Other  elements  forming  colored  heteropol 
solutions,  such  as  arsenic  and  silicon,  interfere  with  the  determine 
tion  of  germanium  by  this  procedure.  Picric  acid  or  buffere 
potassium  dichromate  solutions  are  suitable  for  use  as  permaner 
standards  for  visual  comparison. 


used,  its  concentration,  the  molybdate  concentration,  and  th 
order  of  mixing  the  reagents. 

Preliminary  experiments  showed  that  solutions  prepare 
according  to  the  procedure  of  Alimarin  and  Ivanov-Emin  {1 
faded  rapidly.  For  transmittancy  readings  made  at  440  m 
the  fading  error  amounted  to  2%  in  less  than  a  minute  after  cole 
development.  It  was  obvious  that  a  more  stable  solution  woul 
have  to  be  found  to  use  the  method  with  a  photometer. 

In  order  to  study  the  effect  of  acidity  and  molybdate  cor 
centration  on  the  intensity  and  stability  of  the  color,  5  ml.  c 
the  standard  germanium  solution  were  pipetted  into  a  50-m 
volumetric  flask,  to  this  was  added  a  freshly  prepared  mixtui 
containing  known  amounts  of  acid  and  molybdate,  and  th 
solution  was  then  diluted  to  the  mark  and  mixed.  Tram 
mittancy  readings  were  taken  at  440/r  at  definite  time  interval 
after  the  color  development. 

These  experiments  showed  that  the  intensity  of  the  cole 
developed  with  sulfuric,  nitric,  hydrochloric,  perchloric,  c 
trichloroacetic  acid  was  extremely  sensitive  to  acid  concentratioi 
The  maximum  color  was  developed  when  the  solutions  were  0. 
to  0.3  N  in  acid,  but  the  exact  range  depends  on  the  molybdal 
concentration.  Throughout  the  range  of  maximum  color  tl 
solutions  fade  rapidly.  More  stable  solutions  are  secured  i 
higher  acid  concentrations,  but  at  this  acidity  the  intensity  of  th 
final  color  is  so  sensitive  to  acid  concentration  that  large  erroj 
are  produced  by  extremely  small  variations  in  acidity,  and  th 
color  intensity  is  much  lower  than  the  maximum  possible  wit 
the  system. 

Increasing  the  amount  of  molybdate  in  the  presence  of  th 
strong  acids  broadens  the  range  for  maximum  color  develoj 
ment,  but  has  little  effect  on  the  stability  of  the  system. 

The  color  intensity  of  solutions  prepared  with  acetic  aci 
increases  rapidly  until  the  acidity  is  about  3.5  N.  Above  th 
concentration,  the  color  intensity  increases  slowly.  Variatioi 
in  the  molybdate  concentration  have  little  effect  on  the  colo 
The  stability  of  the  solutions  increases  with  acidity,  solutioi 
more  than  2  N  in  acetic  acid  being  stable  for  about  5  minute 
Solutions  more  than  6  N  possess  a  slight  yellow  color  even  i 
the  absence  of  germanium.  The  intensity  of  this  color  increase 
with  acidity.  The  optimum  acetic  acid  concentration  is  aboi 
5  N. 

Having  selected  acetic  acid  as  best  for  the  color  developmen 
the  following  experimental  procedure  was  used  to  study  the  effe 
of  variables  on  the  color  reaction.  The  desired  amount  of  ge 
manate  solution,  usually  5  ml.,  was  transferred  to  a  50-nc 
volumetric  flask,  followed  by  15  ml.  of  glacial  acetic  acid  ar 
enough  water  to  make  the  total  about  40  ml.  After  5  ml.  < 
2.5%  ammonium  molybdate  solution  had  been  added,  the  syste: 
was  diluted  to  the  mark  with  water  and  mixed.  Transmittanc 
measurements  were  made  within  15  minutes  after  the  molybda 
addition. 

Acid  Concentration.  The  optimum  amount  of  acid 
15  ml.  of  glacial  acetic  acid  in  a  final  volume  of  50  ml.  At  Iowi 
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idities  the  initial  color  intensity  is  not  quite  so  high,  and  the 
ution  is  less  stable.  At  higher  acidities  considerable  color 
velops  in  the  blank  solution,  which  necessitates  a  correction. 
Molybdate  Concentration.  After  enough  ammonium 
ilybdate  has  been  added  to  develop  the  full  color,  an  excess 
s  little  effect.  Five  milliliters  of  a  2.5%  solution  are  adequate 
•  amounts  of  germanium  up  to  75  p.p.m. 

Order  of  Adding  Reagents.  The  greatest  stability  and 
;ensity  of  color  are  obtained  by  adding  the  molybdate  solu- 
>n  to  the  acid  and  then  adding  this  mixture  to  the  germanate 
[ution.  Solutions  of  equal  color  intensity  but  of  slightly  less 
ability  are  produced  by  adding  the  molybdate  solution  to  the 
idified  germanate  solution.  The  latter  procedure  is  recom- 
mded  because  of  its  greater  simplicity. 

Color  Stability.  Solutions  prepared  by  adding  ammonium 
ilybdate  to  the  acidified  germanate  solutions  fade  slowly, 
e  error  not  exceeding  2%  within  15  minutes. 

Germanium  Concentration.  The  range  of  germanium 
ncentration  which  can  be  measured  with  5-cm.  cells  is  0  to 
p.p.m.,  if  transmittancy  measurements  are  made  at  440  m/x 
je  Figure  1).  Beer’s  law  is  valid  over  the  entire  range, 
ith  1-cm.  cells  the  range  is  from  1  to  75  p.p.m.  of  germanium, 
d  the  solutions  conform  to  Beer’s  law  up  to  40  p.p.m. 


Diverse  Ions.  Germanium  can  be  separated  from  most  ele- 
lents  by  distillation  as  the  tetrachloride.  Of  the  several  ele- 
lents  which  may  volatilize  with  the  germanium,  arsenic  is  the 
nly  one  capable  of  forming  a  colored  heteropoly  compound, 
dthough  it  is  possible  to  separate  arsenic  from  germanium 
>y  careful  distillation,  the  effect  of  arsenic  on  the  color  develop- 
lent  was  carefully  studied. 

With  5  p.p.m.  of  germanium,  the  largest  permissible  con- 
entration  of  arsenic  is  2  p.p.m.  In  an  effort  to  extend  the 
olerance  for  arsenic,  various  modifications  of  the  procedure  were 
ried.  The  use  of  excess  ammonium  molybdate,  as  suggested 


by  Alimarin  and  Ivanov-Emin  ( 1 )  or  of  small  amounts  of  nitric 
acid  in  addition  to  the  acetic  acid,  increases  the  permissible 
arsenic  concentration.  However,  in  neither  case  was  the  in¬ 
crease  sufficient  to  compensate  for  the  resulting  loss  of  stability 
and  reproducibility. 

Of  the  62  diverse  ions  studied,  the  following  did  not  inter¬ 
fere  when  present  in  concentrations  100  times  that  of  the  ger¬ 
manium:  acetate,  benzoate,  bromide,  chlorate,  chloride,  chloro- 
stannic,  citrate,  cyanide,  formate,  iodide,  lactate,  nitrate, 
nitrite,  oxalate,  perchlorate,  sulfate,  sulfite,  thiocyanate,  tung¬ 
state,  bismuth,  cadmium,  lithium,  magnesium,  manganese, 
mercuric,  mercurous,  potassium,  and  sodium. 

Table  I  summarizes  the  data  for  the  ion's  which  interfere, 
and  Figure  2  shows  typical  transmittancy  curves  for  several 
solutions  containing  interfering  ions. 


Table  I.  Effect  of  Diverse  Ions 


Ion 

Added  as 

Present 

Error 

Amount 

Permis¬ 

sible 

AsOa 

NaHAsOj 

P.p.m. 

5  (As) 

% 

2 

P.p.m. 

5 

AsOr 

NasAsOa 

2  (As) 

0 

2 

B4O7 

N &2B4O7 

500 

4 

200 

CO3-- 

NajCOa 

200 

2 

200 

C4H,06-- 

Na2C4H406 

20 

0 

20 

Cr207 

KzOjOt 

50 

160 

5 

F" 

NaF 

50 

2 

50 

po< — 

KH2PCb 

2  (P.O.) 

94 

0 

p2o7 - 

Na4Pj07 

2  (P,0») 

4 

0 

S20a 

Na2S20s 

10 

0 

10 

SiOa 

Na2SiOs 

4 

24 

0 

SnCli  “  - 

fhSnCl. 

500 

Ppts. 

0 

VOt- 

KVOs 

2 

78 

0 

Ag  + 

AgNO. 

500 

Ppts. 

0 

Al  +  +  + 

Al(NOs)j 

20 

14 

0 

Ba  +  + 

Ba(NOj)7 

50 

2 

50 

Be  +  + 

Be(NOj)7 

46 

2 

46 

Ca  +  + 

Ca(NOa)s 

50 

2 

50 

Ce++++ 

(NHi'hCefNOj). 

500 

Ppts. 

0 

Co4"f 

Co(N08)2 

50 

2 

50 

Cr  +  +  + 

Crs(S04)3 

20 

6 

5 

Cu  +  + 

CuSCb 

50 

4 

25 

Fe  +  + 

Fe(NH,)7(SCb)7 

500 

Reduces 

0 

Fe  +  +  + 

Fe(N08)j 

50 

complex 

20 

5 

Ni  +  + 

NiSCb 

100 

2 

100 

Pb  +  + 

Pb(NOj)7 

500 

Ppts. 

0 

Sb  +  +  + 

SbCU 

500 

Ppts. 

0 

Sr  +  + 

Sr(N03)2 

200 

2 

200 

Xh++++ 

Th(NOj)4 

500 

Ppts. 

0 

Ti  +  +  +  + 

TiCSOrh 

500 

Ppt8. 

0 

UOU  + 

U02(C2H302)2 

20 

0 

20 

Zn  +  + 

Zn(NOa)2 

200 

2 

200 

Zr++++ 

Zr(NOa)4 

500 

Ppts. 

0 

PERMANENT  STANDARDS 

Since  the  yellow  molybdigermanic  acid  color  fades  rather 
rapidly,  permanent  standards  are  desirable.  Alimarin  and 
Ivanov-Emin  ( 1 )  proposed  solutions  of  picric  acid  or  potassium 
chromate  for  this  purpose.  Swank  and  Mellon  (9)  used  buf¬ 
fered  solutions  of  potassium  chromate  or  dichromate  for  the 
analogous  molybdisilicic  acid.  In  order  to  determine  the  suit¬ 
ability  of  these  solutions  as  color  standards,  and  to  determine 
the  concentrations  equivalent  to  a  definite  germanium  con¬ 
centration,  a  solution  of  molybdigermanic  acid  was  matched, 
by  means  of  a  Duboscq  comparator,  with  picric  acid,  potassium 
chromate,  and  buffered  potassium  dichromate  solutions.  The 
amounts  of  the  various  compounds,  in  milligrams  per  liter, 
equivalent  to  10  p.p.m.  of  germanium  were  32.0  for  potassium 
dichromate  (buffered  with  0.5%  borax),  46.4  for  potassium 
chromate  (unbuffered),  and  4.0  for  picric  acid.  These  color 
matches,  checked  visually  in  30-cm.  Nessler  tubes,  gave  the 
transmittancy  curves  shown  in  Figure  3. 

The  colors  of  solutions  of  picric  acid  or  buffered  potassium 
dichromate  cannot  be  differentiated  by  the  eye  from  molyb¬ 
digermanic  acid,  and  there  is  little  difference  in  the  transmittancy 
curves.  Unbuffered  potassium  chromate  solutions  possess  a 
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hue  different  from  the  other  three.  As  this  difference  makes  ac¬ 
curate  visual  comparison  difficult,  these  solutions  are  not  recom¬ 
mended  for  permanent  standards.  Solutions  containing  three 
times  the  amount  of  potassium  dichromate  or  picric  acid  re¬ 
quired  to  match  10  p.p.m.  of  germanium  matched  visually  and 
spectrophotometrically  a  solution  containing  30  p.p.m.  of 
germanium  Therefore,  either  picric  acid  solutions,  or  solutions 
of  potassium  chromate  or  dichromate  buffered  to  pH  9,  are  con¬ 
sidered  suitable  permanent  standards. 

DISCUSSION 

The  proposed  procedure  offers  a  rapid  and  reliable  method 
for  the  determination  of  small  amounts  of  germanium.  Its 
principal  disadvantages  are  the  interference  of  other  elements 
which  form  colored  heteropoly  solutions,  and  the  yellow  color 
of  the  molybdigennanic  acid  solution.  The  former  necessitates 
separation  of  germanium  from  silicon  and  arsenic,  with  which 
it  is  commonly  associated,  before  an  accurate  determination  can 
be  made. 

Comparison  of  this  work  with  that  of  Alimarin  and  Ivanov- 
'  Emin  (1 )  reveals  several  differences  in  the  results,  most  of 
which  can  be  attributed  to  the  greater  sensitivity  of  the  photo¬ 
electric  instrument  used  in  the  present  study  as  compared  to  the 
earlier  visual  instrument. 


The  choice  of  picric  acid  or  buffered  potassium  dichromate 
for  permanent  standards  may  be  left  to  the  analyst  using  the 
method.  The  dichromate  is  usually  available  as  a  primary 
oxidimetric  standard. 

RECOMMENDED  PROCEDURE 

Treatment.  Dissolve  the  sample  by  appropriate  means,  if 
necessary,  and  remove  or  inhibit  any  interfering  ions  to  bring 
their  concentration  within  the  limits  set  in  Table  I.  If  separation 


of  the  germanium  is  unnecessary,  neutralize  the  solution  Wi 
dilute  acid  or  base,  dilute  to  a  definite  volume,  and  proceed! 
described  under  measurement. 

If  it  is  necessary  to  separate  the  germanium  by  distillation 
the  tetrachloride,  follow  by  precipitation  as  the  disulfide  froc  i 
solution  6  A  in  sulfuric  acid.  Such  sulfide  precipitates,  af: 
thorough  washing,  should  then  be  dissolved  in  the  smallest  p 
sible  amount  of  distilled  aqueous  ammonia.  Transfer  the  yell 
solution  to  a  platinum  dish,  decolorize  with  30%  hydrogen  p 
oxide,  and  add  1  to  2  ml.  excess.  Boil  the  solution  gently  to  i 
stroy  excess  peroxide,  cool,  neutralize  with  dilute  sulfuric  ac 
and  dilute  to  a  definite  volume. 
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Measurement.  Transfer  an  aliquot  ef  this  solution,  conta 
ing  1  to  3  mg.  of  germanium,  to  a  100-ml.  volumetric  flask.  A 
30  ml.  of  glacial  acetic  acid,  dilute  the  solution  to  about  80  : 
with  water,  and  then  add  10  ml.  of  a  freshly  prepared  2.5%  sc 
tion  of  ammonium  molybdate.  Dilute  to  the  mark,  mix  well,  £ 
measure  or  compare  the  color  immediately  by  any  of  the  us 
means.  Standards  for  comparison  may  be  prepared  similarly, 
permanent  standards  containing  picric  acid  or  potassium 
chromate  buffered  to  pH  9  may  be  used.  With  permanent  sta; 
ards  a  blank  should  be  run  to  correct  for  silica  in  the  reagents. 
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Improved  Fractionating  Column  for  Gases 

HAROLD  SIMMONS  BOOTH  AND  RALPH  McNABNEY 
Morley  Chemical  Laboratory,  Western  Reserve  University,  Cleveland,  Ohio 


i  improved  automatic  fractionating  column  for  low-boiling  gases 
scribed  is  of  the  constant-pressure  type  and  is  of  greatly  improved 
iciency  and  capable  of  precise  temperature  control  over  a  wide 
iperature  range  at  least  up  to  10°  C. 

NE  of  the  difficulties  in  the  smooth  operation  of  automati¬ 
cally  controlled  fractionating  columns  for  purification  of 
Bes  with  low  boiling  points,  in  which  the  head  temperature  is 
lintained  by  the  injection  of  liquid  air,  is  the  lag  in  the  injection 
riod  behind  the  actual  need.  This  results  in  considerable  tem- 
rature  fluctuations  in  the  head  and  overcooling  at  the  end  of  the 
ection  cycle.  Booth  and  Bozarth  (1)  partially  overcame  this 
ficulty  by  clamping  almost  shut  the  liquid  air  exit  tube  from  the 
ad,  so  that  only  a  small  amount  of  liquid  air  went  through  the 
ad  at  each  injection,  but  even  then  at  very  low  temperatures 
tall  variations  in  head  temperature  were  disclosed  as  a  slightly 
ivy  line  on  the  recording  potentiometer  chart.  Such  tempera- 
re  variations  interfere  with  the  purification  of  gases,  particu- 
•ly  when  the  boiling  points  of  the  gases  to  be  separated  are 
>se. 


The  column  shown  in  Figure  1  is  of  the  constant-pressure  type 
described  by  Booth  and  Bozarth  (1),  in  which  the  pressure  is 
maintained  by  controlling  the  cooling  of  the  still-head  condenser 
by  a  contacting  manometer  connected  to  the  still  head.  Its  con¬ 
trol  of  the  head  temperature  is  so  delicate  that  liquid  air  has  been 
used  in  it  as  the  refrigerant  successfully  to  distill  fractionally  a 
gas  boiling  at  +8°  C.  without  freezing  up  of  the  head  and  with 
the  temperature  holding  perfectly  constant. 

FRACTIONATING  COLUMN 

Reflux  Condenser.  A  sectional  view  of  the  still  head  is 
shown  in  Figure  2.  The  condenser  jacket  consists  of  a  brass 
tube  2.5  cm.  in  diameter  and  22  cm.  long,  the  ends  of  which  are 
turned  to  a  slight  taper  to  accommodate  the  cork  stoppers  which 
close  the  ends.  At  the  bottom  of  the  condenser  jacket,  the  space 
between  the  outer  tube  of  the  jacket  and  the  glass  tube  of  the 
column  is  filled  with  a.  solid  brass  cylinder  4  cm.  long.  This 
solid  section  of  brass  serves  as  a  heat  reservoir  to  smooth  out 
fluctuations  in  the  rate  of  cooling.  The  liquid  air  inlet  tube  opens 
into  a  groove  in  the  top  of  this  cylinder.  In  the  condenser  jacket, 
the  liquid  air  is  forced  to  follow  a  longer  path  by  a  spiral  baffle, 


131 


132 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  16,  No  | 


made  by  winding  No.  6  copper  wire  around  a  suitable  mandrel 
and  slipping  the  finished  spiral  into  the  jacket.  The  spiral  is 
securely  soldered  to  the  jacket  and  the  center  bored  out  in  the 
lathe  to  fit  snugly  over  the  glass  tube.  Just  above  the  air  outlet, 
a  washer  is  fastened  to  the  jacket  to  prevent  the  cork  stopper  from 
being  pushed  over  the  air  outlet.  The  corks  are  compressed  to 
give  a  tight  seal  by  means  of  clamping  yokes  pulled  down  by  tie 
rods  running  between  the  two  ends  (not  shown  in  drawing). 
These  tie  rods  are  imbedded  in  the  cork  insulation.  For  the  first 
few  runs,  the  nuts  on  the  tie  rods  must  be  tightened  at  the  be¬ 
ginning  of  each  run  to  ensure  a  tight  seal  at  the  end  of  the  con¬ 
denser  jacket. 

Since  the  liquid  air  comes  in  direct  contact  with  the  glass  tube 
of  the  still  head,  rapid  response  to  the  control  action  is  obtained 
and  this  condenser  has  a  very  high  cooling  capacity  for  its  size. 

For  gases  boiling  below  —50°  C.,  the  still  head  may  be  cooled 
with  liquid  air,  using  a  liquid  air  injector  of  the  kind  described  by 
Booth  and  Bozarth  (1).  For  cooling  the  still  head  in  the  dis¬ 
tillation  of  higher  boiling  gases,  a  dry  ice-acetone  cooling  system 
may  be  used,  although  liquid  air  has  been  used  successfully  up  to 
+8°  C. 

Rectifying  Column.  The  column  consists  of  a  straight  glass 
tube  of  8-mm.  inside  diameter  containing  an  inner  glass  tube  of 
5-mm.  outside  diameter  and  90  cm.  long,  which  is  sealed  off  at 
both  ends.  The  inner  tube  is  spaced  from  the  outer  by  means  of 
a  wire  spiral  consisting  of  one  No.  26  Nichrome  wire  wound 
around  another  one.  This  is  made  by  coifing  one  piece  of  Ni¬ 
chrome  wire  around  a  mandrel  about  1  mm.  in  diameter,  such  as 
a  steel  knitting  needle.  The  coil  is  taken  off  the  mandrel  and  a 
straight  piece  of  wire  is  slipped  through  the  center,  the  two 
are  clamped  together  at  one  end,  the  straight  wire  is  pulled  taut 
and  clamped  at  both  ends,  and  the  coil  is  pulled  out  until  it  fits 
snugly  over  the  straight  wire.  This  is  then  wound  around  the 
inner  glass  tube  in  the  form  of  a  spiral  with  a  pitch  of  about  9 
mm.  This  spiral  spaces  the  inner  tube  from  the  outer,  makes  the 
ascending  vapors  follow  a  spiral  path  up  the  column  and  conse¬ 
quently  travel  a  greater  distance,  increases  the  surface  of  contact 
between  vapor  and  liquid,  and  gives  better  distribution  of  the 
liquid  around  the  column.  Most  of  the  descending  liquid  runs 
straight  down  the  surfaces  of  the  tubes,  but  at  each  turn  the 
spiral  picks  up  a  certain  amount  of  liquid  and  carries  it  around  to 
a  different  point  in  the  column. 

At  the  bottom  of  the  column,  just  above  the  still  pot,  a  dropper 
is  located  for  observation  of  the  rate  of  reflux  and  to  return  the 
liquid  directly  to  the  surface  of  the  liquid  in  the  still  pot. 

Thermal  Insulation.  The  still  head  and  upper  half  of  the 
column  are  insulated  with  a  layer  of  cork  about  2.5  cm.  thick, 
which  is  coated  with  waterproof  paint.  The  lower  part  of  the 
column  is  insulated  by  a  vacuum  jacket  made  from  a  Pyrex  con¬ 
denser,  in  order  to  be  able  to  observe  the  liquid  in  the  column. 
It  can  be  insulated  entirely  with  cork,  with  a  small  peephole  to 
observe  refluxing  if  desired. 

Still  Pot.  The  body  of  the  still  pot  is  about  4  cm.  in  diameter 
and  6  cm.  high  with  a  neck  2  cm.  in  diameter.  Clamped  against 
the  outer  edge  of  the  bottom  is  an  electric  heater  unit  wound  on  a 
brass  ring.  A  single  layer  of  thin  asbestos  tape  is  put  between  the 
metal  ring  and  the  glass  to  prevent  direct  contact  between  metal 
and  glass,  which  might  cause  breakage  of  the  still  pot.  The  out¬ 
side  of  the  heater  unit  is  insulated  with  asbestos  to  prevent  heat 
from  reaching  the  upper  part  of  the  still  pot  and  causing  super¬ 
heating  of  the  vapors  passing  into  the  column.  To  prevent  heat 
radiation  from  the  outside  the  still  pot  is  insulated  by  a  silvered 
Dewar  flask,  the  top  of  which  is  tightly  closed  by  a  cork  stopper. 

By  the  use  of  a  larger  diameter  still  pot,  more  evaporating 
surface  and  a  shallower  body  of  liquid  are  obtained,  both  of 
which  diminish  the  tendency  of  the  liquid  to  superheat  and  pro¬ 
duce  pressure  surges. 

CONTROLS 

System  of  Control.  This  column,  like  the  one  described  by 
Booth  and  Bozarth,  is  operated  at  constant  pressure,  which  is 
maintained  by  controlling  the  cooling  of  the  still-head  condenser 
by  a  contacting  manometer  connected  to  the  still  head.  This 
system  of  control,  shown  in  Figure  1,  operates  by  injecting  liquid 
air  into  the  still-head  condenser  when  the  pressure  rises  enough 
to  close  the  manometer  contact.  This  cools  the  still  head,  lowers 
the  pressure,  and  then  opens  the  contact  again. 

Since  the  head  is  cooled  intermittently,  the  use  of  a  column 
having  a  low  liquid  holdup  produces  a  number  of  difficulties, 
which  require  some  modification  in  the  method  of  control.  Be¬ 
cause  of  the  lag  between  the  control  action  and  the  effect  as  trans¬ 
mitted  to  the  control  manometer,  the  mercury  tends  to  overshoot 


the  contact  point  and  causes  fluctuations  in  the  pressure.  T1 
in  turn,  causes  large  changes  in  the  rate  of  flow  of  reflux,  wh 
seriously  diminish  the  efficiency  of  the  column. 

To  decrease  these  pressure  surges  and  to  check  the  variatioi 
the  flow  of  reflux,  a  system  of  control  was  devised  which  mi 
mizes  the  effect  of  lag  on  the  response  to  the  control  action, 
mechanism  is  employed  which  gradually  lifts  the  control  cont 
while  liquid  air  is  being  injected  into  the  still-head  jacket,  resi 
ing  in  the  interruption  of  injection  at  a  pressure  higher  than  t) 
at  the  beginning  of  injection,  and  thus  shutting  off  the  liquid 
ahead  of  the  normal  time  of  cutoff.  This  “anticipator”  dev 
eliminates  the  excess  cooling  which  otherwise  would  cause  i 
pressure  to  drop  below  the  normal  cutoff  position. 


As  shown  in  Figure  1,  liquid  air  injection  is  controlled  by  I 
magnetic  valve,  A,  made  from  a  telegraph  sounder  as  described 
Booth  and  Bozarth  (1),  which  closes  the  leak  in  the  air  fine  lei 
ing  to  the  injector.  Another  magnetic  valve,  B,  controls  a  lc 
of  the  air  fine  leading  to  the  contact  drive  cylinder  shown 
Figure  3,  made  from  a  small  bicycle  pump,  the  piston  of  whicl 
connected  by  a  lever  to  the  glass  tube  carrying  the  control  ci 
tact.  The  coils  of  the  two  magnetic  valves  and  of  the  hold 
circuit  relay  are  connected  in  parallel,  so  that  all  close  simulta 
ously  when  energized.  (The  holding  circuit  relay,  C,  is  a  25 
ohm,  Type  PC,  Allied  No.  77-070  relay  from  Allied  Control  C 
Inc.,  New  York,  N.  Y.)  A  pair  of  electrical  contacts,  known 
the  starting  contacts,  are  located  on  the  frame  of  the  cont 
drive  mechanism  and  close  when  the  piston  is  in  the  down  p< 
tion.  These  contacts  are  connected  in  parallel  with  the  mi 
contacts  on  the  holding  circuit  relay. 

The  4-volt  direct  current  power  supply  to  the  control  circv 
passes  first  through  the  manometer  contacts,  then  through  ' 
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rting  and  holding  contacts,  and 
illy  through  the  relay  and  mag¬ 
ic  valve  coils. 

n  operation,  when  the  control 
nometer  contact  closes,  the  mag¬ 
ic  valves  and  relay  close,  inject- 
liquid  air  into  the  still  head,  and 
vly  lifting  the  control  contact, 
hough  the  starting  contact  is 
ined  as  soon  as  the  piston  starts 
yard,  the  holding  relay  contact 
rarallel  with  it  is  still  closed,  so 
,t  current  continues  to  flow 
ough  the  valve  coils  until  the 
nometer  contact  opens  again  and 
;ases  the  valves  and  relay.  After 
3,  the  electrical  circuit  cannot  be 
npleted  again  until  the  piston 
ches  the  down  position,  even 
iugh  the  manometer  contact 
*ht  have  closed,  because  the 
iuit  cannot  be  completed  until 
:  starting  contact  closes. 

Die  drive  piston  is  connected  by 
lever  and  linkage  to  the  tube 
rying  the  movable  contact  in 
h  a  way  that  a  large  movement 
the  piston  produces  a  small 
vement  of  the  contact.  A  200- 
,m  lead  weight  is  carried  on  the 
ton  rod  to  return  the  piston  to  the 
vn  position,  and  a  stiff  spring  con- 
:ted  to  the  top  of  the  contact  tube  keeps  the  system  of  linkages 
tension  and  thus  eliminates  lost  motion.  The  stop  on  the  con- 
:t  drive  piston  (not  shown)  which  restricts  its  upward  motion 
set  to  allow  the  movable  contact  to  be  lifted  about  3  mm.  The 
itrol  contact  consists  of  a  platinum  tip  soldered  to  a  copper 
,d  wire  and  sealed  with  de  Khotinsky  cement  into  the  end  of  a 
iss  tube  2.0  mm.  in  diameter  to  give  stiffness  to  the  contact 
re.  A  fixed  platinum  contact  is  sealed  through  the  manometer 
be  below  the  surface  of  the  mercury  to  complete  the  circuit 
rough  the  mercury. 

Regulation  of  the  speed  of  rise  and  descent  of  the  control  con- 
is  accomplished  by  adjusting  the  screw  clamps  in  the  line 
)m  the  air  supply  to  the  magnetic  valve  and  in  the  line  from  the 
Ive  to  the  contact  drive  cylinder. 

The  method  of  delaying  injection  of  liquid  air  until  the  moving 
rnometer  contact  has  reached  the  down  position  was  adopted 
improve  the  stability  of  the  system  and  to  prevent  chattering  of 
e  controls. 

OPERATION 

Operation  of  the  Column.  First,  the  gas  to  be  purified  is 
ndensed  in  the  still  pot  with  liquid  air  and,  after  transfer,  any 
incondensable  gases  in  the  system  are  pumped  out.  The  Dewar 
liquid  air  is  removed  and  the  heating  coil  is  put  in  place  under 
e  still  pot  after  the  coil  has  been  immersed  in  liquid  air  for  a 
oment  to  avoid  sudden  warming  of  the  still  pot.  Then  an 
apty  silvered  Dewar  flask  is  placed  around  the  still  pot  and  the 
Lrrent  is  turned  on  in  the  heating  circuit.  While  the  pressure 
the  column  is  rising,  the  injector  Dewar  flask  is  filled  with 
iuid  air  which  is  injected  into  the  still  head  manually  before 
ie  operating  pressure  is  reached.  This  cools  the  still  head  and 
ilumn  more  quickly.  After  the  operating  pressure  has  been 
ached,  the  contacting  manometer  holds  it  constant. 

When  the  column  has  been  operating  for  a  short  time,  the  con- 
.ct  drive  mechanism  is  adjusted  to  give  the  best  compensation 
r  the  response  lag  of  the  system.  The  rate  of  ascent  and  de- 
ent  of  the  drive  piston  and  the  rate  of  liquid  air  injection  are 
Ijusted  so  that  the  total  movement  of  the  contact  point  is  be- 
reen  1  and  2  mm.  The  pause  between  the  return  of  the  drive 
iston  to  the  down  position  and  the  start  of  the  next  injection  is 
[i out  a  half  second  in  duration.  If  the  injection  period,  which  is 
ormally  about  2  or  3  seconds,  becomes  too  long  and  the  control 
intact  rises  too  far,  the  rate  of  liquid  air  injection  should  be  cut 
awn.  When  properly  adjusted,  this  control  system  can  hold 
ie  pressure  within  1  or  2  mm.  of  the  control  point,  even  during 
lange  of  components  in  the  still  head,  when  the  pressure  is  sub¬ 
let  to  wide  fluctuations  with  the  usual  method  of  control. 

This  column  will  handle  a  low-boiling  gas  like  tetrafluoromethane 
isily,  while  previous  types  have  been  so  unstable  that  operation 
ith  such  a  compound  was  very  difficult. 


In  all  other  respects,  the  operation  of  this  column  is  almost  the 
same  as  that  described  by  Booth  and  Bozarth.  This  apparatus 
is  intended  primarily  for  purification  of  a  single  gas,  so  that  an 
automatic  stopcock  is  not  used  to  control  the  take-off  from  the 
column  because  it  is  unnecessary.  With  a  mixture  of  gases,  the 
automatic  stopcock  described  by  Booth  and  Bozarth  should  be 
used.  Exhaustion  of  a  fraction  from  the  column  was  indicated 
by  a  slight  rise  in  the  time-temperature  curve  of  the  still-head 
thermocouple,  indicating  the  presence  of  a  higher  boiling  frac¬ 
tion  in  the  still  head.  With  the  automatic  stopcock  this  would 
be  indicated  by  increasingly  infrequent  operation  of  the  stopcock . 
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Weighing  Funnels 

MILTON  S.  SCHECHTER  AND  H.  L.  HALLER 
U.  S.  Department  of  Agriculture,  Bureau  of  Entomology  and 
Plant  Quarantine,  Beltsville,  Md. 

TWO  types  of  easily  constructed  weighing  funnels  have  been 
used  in  this  laboratory  to  facilitate  the  accurate  weighing 
and  quantitative  transfer  of  solids  or  liquids  to  volumetric  flasks 
or  other  containers  for  analytical  determinations. 

In  the  accompanying  sketch  funnel  A  is  suspended  from  the 
balance  hook  during  the  weighing  by  a  wire  attached  to  the  S- 
shaped  stem  by  twisting,  the  solid  or  liquid  sample  is  placed  in 
the  shoulder,  S,  of  the  funnel,  and  the  exact  weight  of  sample 
desired  is  adjusted.  The  funnel  is  then  placed  as  shown  at  the 
left,  and  the  sample  is  washed  quantitatively  into  the  flask  by  a 
stream  of  solvent  from  a  wash  bottle.  The  intermittent  siphon¬ 
ing  action  facilitates  the  washing  of  solids  into  the  receptacle. 


Funnel  B  is  made  with  a  flat  bottom  for  placement  on  the  bal¬ 
ance  pan.  After  the  sample  is  weighed,  the  funnel  is  tilted  and 
the  sample  washed  into  a  flask  with  an  appropriate  solvent. 

Either  funnel  may  be  fitted  with  ground-glass  caps  if  desired. 
The  diameter  of  A  which  the  authors  have  used  is  2.5  cm.  and 
the  over-all  length  is  7  cm.  The  diameter  of  B  is  2  cm.  and  the 
over-all  length  is  6  cm.  The  shape  and  dimensions  may  be  modi¬ 
fied  to  meet  the  requirements  of  the  analyses  to  be  performed. 


Figure  3.  Contact  Drive 
Cylinder 


Electric  Heater  for  Microprocedures  and  Melting  Points 

TONY  CIFONELLI,  University  of  Minnesota,  Minneapolis,  Minn. 


Various  microprocedures  have  been  worked  out  for  use  with  the 
electric  heater  described.  The  drying  of  precipitates,  the  heat¬ 
ing  of  substances  at  constant  temperatures  over  long  periods,  and 
the  like  may  also  be  carried  out  on  this  hot  plate.  A  wide  range  of 
controllable  temperatures  is  obtained. 

A  THERMALLY  controlled  electric  heater  of  simple  and 
economical  construction  is  described.  It  has  been  used 
by  the  author  for  carrying  out  microprocedures  including  boiling 
points  (3,  6),  extractions  ( 1 ),  fractionations  (4,  6),  sublimations 
(8,  5,  7),  and  sealed  capillary  reactions  (3),  and  also  for  melting 
point  determination  {2,  8).  A  wide  range  of  controllable  tem¬ 
peratures  is  obtainable. 


APPARATUS 

An  electric  flatiron  of  5-ampere  capacity  and  550-watt  rating 
is  used  in  the  preparation  of  the  heating  block.  Two  holes  of 
8-mm.  diameter  are  drilled  diagonally  through  the  base  (11  mm. 
thick),  so  that  they  meet  at  the  center  of  the  block  (Figure  1). 
One  hole  is  for  a  360°  thermometer  (Figure  2)  and  the  other  is  for 
a  microreaction  capillary  tube.  Several  other  small-diameter 
holes  which  need  not  terminate  in  a  central  point,  are  drilled 
through  the  base  for  holding  tubes  to  be  used  for  sublimations, 
sealed  capillary  reactions,  and  the  like. 

A  variable-voltage  transformer  or  a  rheostat  of  5-ampere 
capacity  may  be  used  for  thermal  control,  but  lamp  bank  con¬ 
trol  has  given  the  author  very  satisfactory  results.  For  finer 
temperature  control,  a  slide-wire  rheostat  may  be  used  in  con¬ 
junction  with  the  lamp  bank.  Figure  3  shows  the  current  in¬ 
put  necessary  for  obtaining  a  convenient  temperature  range. 
By  increasing  the  current  input,  proportionately  higher  temper¬ 
atures  will  be  obtained.  If  desired,  time-temperature  and  con¬ 
stant  gradient  calibration  curves  may  be  obtained  by  the  method 
described  by  Dowzard  and  Russo  (2) . 


A  short  preliminary  working  acquaintance  suffices  to  establish 
familiarity  with  the  arrangements  necessary  for  satisfactory 
operation  under  various  demands. 

PROCEDURE 

The  procedure  for  taking  melting  points  is  essentially  as 
described  by  Shriner  and  Fuson  (8).  Small  amounts  of  the  sub¬ 
stance  are  deposited  on  the  hot  plate  throughout  small  interval 
rises  of  temperature.  The  moment  an  instantaneous  fusing  is 
observed,  the  temperature  is  read  and  taken  as  the  melting 
point  of  the  substance.  Glass  wool  is  used  for  wiping  off  the 
surface  of  the  heater. 

In  taking  the  melting  point,  the  area  over  the  thermometer 
bulb  is  used,  because  noticeable  temperature  differences  arise 


between  the  center  and  the  outer  regions  of  the  block  when 
temperature  rises  above  100°  to  125°  C.  To  determine  the  a 
of  uniform  temperature  range,  a  solution  of  a  substance  posst 
ing  a  conveniently  low  melting  point  and  low  volatility  at  te 
peratures  near  the  melting  point — e.g.,  urea — is  spread 
the  surface  of  the  plate  and  evaporated  by  raising  the  temp 
ature  of  the  plate  somewhat.  A  thin  coating  of  the  substai 
remains  on  the  surface.  Now  the  temperature  is  raised  rapi 
until  within  a  few  degrees  of  the  melting  point,  after  which 


Figure  2.  Thermometer  and  Boiling  Point  Capillaries 
in  Position  in  Heater 


heating  is  adjusted  to  give  a  rise  of  about  1°  per  minute.  1 
areas  within  which  the  substance  melts  for  0.5°  or  1.0°  inten 
are  noted,  these  are  the  demarcation  areas  of  uniform  temperat 
range  and  give  an  indication  of  the  best  distribution  over 
surface.  This  process  may  be  repeated  with  other  substan 
of  different  melting  points. 

For  determining  boiling  points  (S,  6)  the  author  has  found 
following  procedure  satisfactory: 

A  narrow  capillary  (0.3-mm.  interval  diameter  and  7  to  8  < 
long)  is  used.  No  tapered  stem  is  required.  Liquid  is  drawn 
to  a  column  of  5  mm.  or  more,  then  the  capillary  is  sealed  in 
usual  way.  Care  should  be  taken  not  to  make  the  sealing  b< 
too  large;  otherwise,  proper  contact  of  the  whole  length  of 


Figure  3.  Temperature-Ampere  Character¬ 
istics  of  Heater 
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i  illary  with  the  surface  of  the  plate 

■  not  be  effected.  The  capillary  is  so 

■  ced  tha,t  the  sealed  end  is  approxi- 
:tely  at  the  center  of  the  block  and  the 

n  end  projects  about  2  cm.  off  the 
p  (Figure  2). 

Vhen  approaching  the  boiling  point, 

I  liquid  starts  moving  restlessly  back 
l  forth  in  the  capillary.  When  the 
ding  point  is  reached,  the  liquid  remains 
itionary,  and  the  lower  meniscus  coin- 
12S  with  the  edge  of  the  block  (Figure  4) . 

/ding  of  the  block  causes  the  liquid  to 

i  drawn  into  the  capillary,  and  a  repetition  of  the  boding  point 
termination  is  possible. 

li'or  carrying  out  microextractions,  an  extraction  tube  having 

■  mall  bulb  at  each  end  is  fashioned  (Figure  5).  The  material 

■  be  extracted  is  introduced  into  the  capillary,  which  is  tapped 
■htly  to  shake  all  the  material  into  the  lower  bulb.  If  any 
terial  adheres  to  the  walls  of  the  capillary,  a  small  wad  of 
ss  wool  is  used  to  push  it  down  into  the  bulb.  Next,  an 
ternal”  filter  of  powdered  glass  wool  or  asbestos  is  prepared. 
ien  the  capillary  has  cooled,  the  solvent  is  introduced  into 
i  tube  and  centrifuged  to  the  lower  bulb.  Enough  solvent 
:used  to  fill  the  bulb  about  two  thirds,  and  is  cooled  by  sub- 
:rging  the  lower  bulb  in  an  ice  bath.  When  the  solvent  has 
Died  sufficiently,  the  upper  end  of  the  capillary  is  sealed. 

For  carrying  out  the  extraction,  the  heater  is  maintained  at  a 
nstant  temperature,  which  should  be  about  equal  to  that  of 
p  boiling  point  of  the  solvent.  When  the  heater  has  reached 
;  required  temperature,  the  capillary  tube  is  laid  horizontally 
|  the  surface  of  the  heater  and  allowed  to  heat  for  several 
(mites,  so  that  maximum  solution  of  the  substance  is  effected, 
ien  the  hot  solution  is  centrifuged  to  the  other  bulb.  A  small 
:antity  of  liquid  is  allowed  to  remain  in  the  stem  on  the  side 
>th  the  empty  bulb,  so  that  a  vapor  equilibrium  will  be  ef- 
hted,  thus  preventing  the  tendency  of  tne  solvent  to  go  over 
l  the  empty  bulb  during  heating.  The  bulb  containing  the 
ution  is  submerged  in  the  ice  bath  and  kept  there  until  max- 
inm  precipitation  has  occurred.  Then  the  liquid  is  recentri- 
l?ed  to  the  other  bulb,  and  the  operations  are  repeated  until  the 
i  traction  is  complete. 


the  solvent  has  been  cooled  the  tube  is  re¬ 
sealed  and  heated  until  solution  is  complete. 
Then  the  solution  is  centrifuged  to  the  other 
bulb  and  allowed  to  cool  until  crystallization 
is  complete. 

For  sublimations,  tubes  similar  to  those 
used  in  microfractionations  may  be  used.  If 
only  minute  amounts  of  substances  are  to 
be  sublimed,  tubes  1  or  2  mm.  in  diameter 
may  be  heated  in  the  small-diameter  holes  of 
the  heater.  For  fractional  sublimation  (7), 
a  long  tube  (about  10  cm.)  is  used.  A  little 
powdered  glass  wool  in  the  tubes  holds  back 
unsublimable  impurities.  Hubacher  (5)  illus¬ 
trates  clearly  the  advantages  and  limitations 
of  vacuum  sublimation  and  believes  this 
method  “is  worthy  of  greater  consideration”, 
a  belief  which  is  strongly  shared  by  the 
author  of  this  paper. 

DISCUSSION 

Dowzard  and  Russo  (2)  emphasize  the 
necessity  for  maintaining  a  0.5°  per  minute 
temperature  rise  in  melting  point  determina¬ 
tions,  when  within  3°  or  4°  of  the  supposed 
melting  point.  A  glance  at  Table  I  shows 
that  the  heating  characteristic  of  this  heater 
is  such  that  a  slow  temperature  rise  is  impera¬ 
tive  for  the  most  accurate  results.  The  re¬ 
sults  in  Table  I  indicate  that,  if  the  rate  of  heating  is  greater 
than  about  1  °  per  minute,  the  heating  of  the  thermometer  lags 
significantly  behind  that  of  the  heater’s  surface. 

A  comparison  was  made  of  the  melting  points  obtained  by 
this  block  and  of  an  oil  bath  (Table  II).  A  uniform  agreement  is 
noted  for  the  melting  points  obtained  by  the  two  methods. 

It  is  suggested  that  the  experimenter  carry  out  some  pre¬ 
liminary  boiling  point  determinations,  using  capillaries  of 
various  sizes  (0.1  to,  say,  0.7  mm.)  to  acquaint  himself  with  the 


Table  I.  Effect  of  Heating  Rate  on  Lag  of  Thermometer 
Temperature 

(Using  m.p.  of  urea  as  surface  temperature  indicator) 


Temperature  Rise 

Melting  Point 
(Urea) 

°  C./min. 

°  C. 

0.2 

132.7 

0  9 

132.4 

2.5 

131.5 

5.0 

130 

13 

128 

Table  II.  Comparison  of  Melting  Points  Obtained  by  Electric 
Heater  and  Oil  Bath 


The  completeness  of  extraction  is  conveniently  determined 
;r  use  of  the  polarizing  microscope  ( 1 ).  To  prepare  the  extrac- 
■>n  tube  so  that  it  may  be  examined  under  the  microscope,  it  is 
'  cessary  to  flatten  a  portion  of  the  tube  on  the  same  side  as  the 
irecipitation”  bulb.  During  the  extraction  procedure,  some 
lution  should  be  allowed  to  remain  in  the  flattened  area,  so 
at  crystals  will  deposit  in  this  area.  These  crystals  may 
en  be  examined  for  homogeneity  and  other  characteristics 
at  may  be  required  to  establish  their  identity. 

For  microsyntheses,  tubes  similar  to  the  one  described  for 
icroextraction  may  be  used.  The  methods  used  in  introducing 
ie  reactants  and  in  preparing  the  internal  filter  are  the  same 
;  for  microextractions.  After  the  reaction  has  been  com- 
eted,  the  empty  end  of  the  tube  is  opened,  and  solvent  (char- 
mi  is  also  added  if  decolorization  is  necessary)  is  introduced  and 
mtrifuged  to  the  bulb  containing  the  reaction  mixture.  After 


Substance 


Urea 

Anhydracetone  benzil 
Benzimidazole. 
p-Aminobenzoic  acid 
2-Aeetylamino-l ,  4-naphthoq  uinone 
Fluorescein 


Melting  Point 
Heater  Oil  bath 

0  C.  °  C. 


132.5 

132.5-133 

147 

147-8 

168 

168-9 

183.5 

183.5-184 

201 

201-2 

320 

— 

Table  III. 

Liquid 


lolling  Point  Values  Obtained  with  0.3-Mm.  Bore 
Capillaries 

Observed  Boiling  Point 
(±0.2°  C.) 


lert-Butyl  chloride 

Methanol 

Ethanol 

Aniline 

Tetralin 


50.0 

64.5 

78.0 

183.0 

207.0 
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proper  size  of  tube  required  for  most  accurate  results.  It  has 
been  the  author’s  experience  that,  when  capillaries  of  less  than 
0.3-mm.  internal  diameter  are  used,  the  boiling  point  is  too  low; 
with  larger  capillaries,  the  boiling  point  is  too  high  (Table 
III). 

LITERATURE  CITED 

(1)  Benedict,  H.  C.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  2,  91  (1930). 

(2)  Dowzard,  E.,  and  Russo,  M.,  Ibid.,  15,  219  (1943). 


(3)  Emich-Schneider,  “Microchemical  Laboratory  Manual", 

118-35,  New  York,  John  Wiley  &  Sons,  1932. 

(4)  Gettler,  A.  C.,  and  Fine,  J.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

469  (1939). 

(5)  Hubacher,  M.  H.,  Ibid.,  15,  448  (1943). 

(6)  Morton,  A.  A.,  and  Mahoney,  J.  F.,  Ibid.,  13,  494  (1941). 

(7)  Morton,  A.  A.,  Mahoney,  J.  F.,  and  Richardson,  Grain 

Ibid.,  11,  460  (1939). 

(8)  Shriner  and  Fuson,  "Identification  of  Organic  Compound 

1st  ed.,  p.  51,  New  York,  John  Wiley  &  Sons,  1935. 


A  DIALYSIS  CELL 

For  Rapid  Quantitative  Analytical  Determination  of  Diffusible  Components  in  Blood  Plasn 

PAUL  B.  HAMILTON  and  REGINALD  M.  ARCHIBALD 
Hospital  of  Rockefeller  Institute  for  Medical  Research,  New  York  21 ,  N.  V. 


A  simple  dialysis  apparatus  is  described  which  in  2  to  3  hours  pro¬ 
vides  quantitative  equilibrium  of  diffusible  constituents  in  the  sys¬ 
tem  and  a  dialyzate  convenient  for  analyses. 

THE  dialysis  cell  here  described  has  been  of  use  in  a  variety  of 
procedures.  The  technique  is  especially  applicable  when 
it  is  desired  to  prepare  a  protein-free  solution  of  dialyzable 
components  with  any  one  or  a  combination  of  the  following  con¬ 
ditions:  minimal  dilution,  absence  of  foreign  ions,  or  exposure 
to  acid  or  alkaline  reagents  or  to  reagents  capable  of  denaturing 
protein.  The  apparatus  has  proved  so  simple  and  effective 
that  it  can  be  recommended  for  general  use  in  analytical  di¬ 
alysis. 

APPARATUS 

The  dialysis  cell  consists  of  a  small  wide-mouthed  bottle  of 
about  120-cc.  capacity,  closed  by  a  No.  8  stopper,  through  which 
passes  a  straight  glass  tube  of  28-mm.  outside  diameter  and  11 
cm.  long.  The  central  tube  is  closed  at  its  lower  end  by  a 
cellophane  diaphragm  held  securely  in  place  by  many  turns 
of  an  elastic  band,  and  at  the  top  by  a  No.  5  rubber  stopper. 
Both  rubber  stoppers  have  intravenous  needles  (No.  18)  pass¬ 
ing  through  to  allow  equilibration  of  pressure  with  the  atmos¬ 
phere  without  loss  of  liquid  by  evaporation.  The  apparatus 
is  assembled  as  shown  in  Figure  1. 

The  technique  is  like  that  employed  by  Hamilton  and  Van 
Slyke  ( 1 ).  Two  cubic  centimeters  of  plasma  were  pipetted  into 
the  central  tube,  a  glass  marble  was  introduced  to  give  me¬ 
chanical  stirring  as  described  by 
Northrup  and  Kunitz  (3),  and  the 
central  stopper  was  set  in  place. 

Eleven  cubic  centimeters  of  distilled 
water  were  pipetted  into  the  bottle, 
and  the  central  tube  was  pushed  in¬ 
to  place  with  glycerol  as  lubricant, 
and  pushed  down  till  the  diaphragm 
was  within  1  or  2  mm.  of  the  bottom 
of  the  bottle.  The  bottle  was  then 
gently  rocked  for  2.5  hours,  by  which 
time  all  diffusible  amino  acids  had 
become  uniformly  distributed 
throughout  the  total  13  cc.  of  liquid 
in  the  system.  A  convenient  rock¬ 
ing  device  is  depicted  in  Figure  2. 

Each  assembled  cell  is  secured  to  a 
narrow  board  by  a  stout  elastic  band. 

The  board  is  rocked  back  and  forth 
by  a  windshield  wiper  motor,  as  de¬ 
scribed  by  Kunitz  and  Simms  (3). 

There  are  several  points  to  note  in 
the  operation  of  the  cell.  The  dia¬ 
phragm  is  tested  for  leaks  by  im¬ 
mersing  it  in  water  and  blowing 
down  the  open  end  of  the  tube; 
the  absence  of  any  bubbles  indi¬ 


cates  that  the  diaphragm  is  intact  and  secure.  Sausage  c 
ing  (27/32)  has  proved  satisfactory  (supplied  by  the  Visk: 
Corp.,  6722  West  65th  St.,  Chicago,  Ill.).  Some  cellophj 
products  are,  however,  impermeable  to  water  and  of  course  ; 
useless  for  this  purpose.  A  simple  test  of  permeability  is  to 
troduce  a  measured  volume  of  0.1  N  hydrochloric  acid  into  i 
central  tube  and  dialyze  against  2  volumes  of  distilled  wal 
If  the  intact  membrane  is  permeable,  at  equilibrium  the  cone 
tration  of  acid  throughout  will  be  0.0333  N. 


If  the  cell  is  used  to  prepare  dialyzates  suitable  for  ultravk 
spectrographie  analysis  it  is  essential  to  wash  the  membr; 
free  of  substances  that  absorb  light  in  the  ultraviolet.  r. 
blanks  are  easily  reduced  to  low  constant  amounts  by  cleans 
the  membranes  in  four  washes  of  100  cc.  each  of  distilled  wal 
each  wash  is  continued  for  3  hours  with  gentle  rocking. 

For  exact  quantitative  work  it  is  necessary  to  avoid  isolat 
of  droplets  on  the  glass  walls.  This  may  be  accomplished 
having  the  glass  parts,  especially  the  central  tube,  scrupuloi: 
clean  and  free  from  grease,  or  the  central  tube  may  be  coa 
within  and  without  by  a  layer  of  paraffin.  In  this  latter  case 
glass  marble  provides  the  wettable  surface  on  which  to  drain 
pipet. 

In  this  apparatus  a  shift  of  fluid  across  the  membrane 
either  direction  does  not  influence  the  final  concentration  c 
freely  diffusible  constituent  (one  independent  of  a  Donnan  equi 
rium),  since  its  concentration  will  be  equal  on  both  sides  of 
membrane. 

The  length  of  time  a  cell  has  to  be  rocked,  in  order  to  h 
equilibrium  of  diffusible  amino  acids  throughout  the  total  fl 
volume,  was  established  by  dialyzing  2  cc.  of  plasma  agai 
11  cc.  of  water.  Cells  were  rocked  for  15,  30,  45,  60,  90,  1 
150,  180,  and  310  minutes  and  the  dialyzate  was  analyzed 
free  alpha-amino  acids  by  the  ninhydrin-carbon  dioxide  met! 
(I).  All  analyses  were  in  duplicate.  Figure  3  shows  t 
equilibrium  across  the  membrane  with  respect  to  diffusible  I 
alpha-amino  acids  was  achieved  within  2  hours  of  rocking. 
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Figure  3.  Time  of  Rocking 

Maximum  constant  value  obtained  after  2  hours'  dialysis  indicates  equilibrium  of 
diffusible  amino  acids 


:: 


Table  I.  Free  Amino  Acids 

Alpha-Amino  Acid 

Dialyzate  •  Nitrogen 

Mg./ 100  cc.  plasma 


1  4.64 

2  4.71 

3  4.66 

Av.  4 . 67 

Picric  acid  filtrate  4.67 


The  use  of  the  dialysis  cell  in  quantitative  analytical  analysis 
i demonstrated  by  the  following  experiments: 

To  illustrate  the  precise  quantitative  analytical  data  that  can 
i  obtained  by  means  of  the  apparatus,  three  separate  dialysis 
i  its  were  set  up  with  2-cc.  portions  of  human  plasma  dialyzed 


2.5  hours  against  11  cc.  of  distilled  water.  Free  amino  acids 
were  determined  on  aliquot  portions  of  the  dialyzate  by  the 
ninhydrin  reaction  ( 1 )  and  were  compared  with  amino  acid 
concentrations  found  by  analyses  of  plasma  filtrates  obtained 
by  protein  precipitation  with  picric  acid  ( 1 )  (see  Table  I). 

With  a  plasma-water  ratio  of  2  to  11  a  5-cc.  aliqupt  of  the 
dialyzate  contains  the  amino  acids  from  0.77  cc.  of  plasma.  If, 
however,  a  more  concentrated  dialyzate  is  required,  the  ratio  of 
plasma  to  water  could  be  made  12  to  6,  so  that  a  5-cc.  aliquot  of 
the  dialyzate  would  contain  amino  acids  from  3.33  cc.  of  plasma. 

Another  experiment  exemplifies  separation  of  free  amino 
acids  from  egg  albumin. 


Table  II.  Amino  Acids  in  Egg  Albumin 

Alpha-Amino  Aoid 
Nitrogen 

Mg./ 100  cc.  plasma 


From  analysis  of  dialyzate  of  egg 

albumin  plus  added  amino  acids  2 . 88 

From  analysis  of  dialyzate  egg  al¬ 
bumin  0.51 

Added  amino  acid  N  by  difference  2 . 37 

Amount  of  added  amino  acid  N  2.44 


To  a  7%  egg  albumin  solution  was  added  an  amino  acid  mix¬ 
ture  obtained  by  the  hydrolysis  of  edestin  with  strong  hydro¬ 
chloric  acid.  The  amount  of  amino  acid  alpha-nitrogen  added, 
calculated  from  results  of  a  ninhydrin-carbon  dioxide  analysis 
on  the  hydrolyzate  (4),  was  2.44  mg.  per  100  cc.  After  2.5  hours 
of  dialysis  aliquot  portions  of  the  dialyzate  were  analyzed 
(Table  II). 
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Determination  of  Small  Amounts  of  Molybdenum 

in  Plants  and  Soils 

M.  L.  NICHOLS  AND  LEWIS  H.  ROGERS,  Cornell  University,  Ithaca,  N.  Y. 


•ectrographic,  colorimetric,  and  polarographic  procedures  for  the 
(.-termination  of  small  amounts  of  molybdenum  in  plants  and  soils 
ve  been  studied.  It  is  concluded  that,  for  the  ordinary  laboratory, 
t  colorimetric  procedure  is  superior  if  reasonable  amounts  of 
mple  (1  gram  or  more  of  soils,  10  grams  or  more  of  air-dried  plant 
sterial)  are  available.  However,  if  only  small  amounts  of  sample 
e  available  (100  mg.  of  soil,  1  gram  of  air-dried  plant  material), 
e  spectrographic  procedure  is  recommended.  The  polarographic 
ocedure  has  no  particular  advantages  over  the  other  two. 

SEVERAL  recent  papers  ( 1 ,  4,  20)  have  indicated  that  molyb- 
P  denum  will  need  to  be  considered  in  future  studies  on  the 
le  of  various  elements  in  plant  and  animal  nutrition.  In  one 
.se  (1)  it  was  thought  to  be  essential  for  plant  growth;  in 
lother  case  (4)  excessive  quantities  had  a  deleterious  effect 
Li  cattle. 

The  work  reported  here  was  undertaken  as  a  result  of  two 
iservations  on  the  occurrence  of  this  element  in  plants  and 
'ils.  In  one  study  (16)  it  was  found  that  many  mineral  soils 
Florida  contained  no  spectrographically  detectable  molyb- 
:num.  In  another  study,  certain  Florida  muck  soils  and 
•me  plants  grown  thereon  showed  readily  detectable  quantities 
f  this  element  (unpublished  data).  These  data  made  it  desir- 
ole  to  study  the  methods  of  analysis  for  very  small  amounts 


of  molybdenum  with  respect  to  their  precision,  sensitivity,  and 
other  factors. 

The  methods  for  the  quantitative  determination  of  molyb¬ 
denum  include  gravimetric,  volumetric,  spectrographic,  colori¬ 
metric,  and  polarographic  procedures.  The  three  latter  methods 
should  be  more  suitable  for  the  determination  of  very  small 
amounts. 

Spectrographically,  molybdenum  may  be  determined  by  a 
variety  of  procedures,  but  there  is  a  growing  tendency  among 
workers  in  this  country  to  use  microphotometric  methods, 
with  either  an  internal  standard  line  of  the  matrix  material 
or  an  added  line  standard.  The  essential  feature  of  this  latter 
method  is  the  introduction  into  the  sample  in  constant  known 
amounts  of  an  element  not  originally  present.  This  added 
element  furnishes  spectrum  lines  of  constant  intensity  which, 
measured  with  a  microphotometer  in  comparison  to  the  line 
intensities  of  the  unknown  element,  give  a  method  of  determina¬ 
tion. 

Colorimetrically,  molybdenum  is  most  often  determined  by 
the  yellow-amber  color  of  its  thiocyanate,  either  directly  in  the 
original  solution  or  by  first  extracting  with  an  organic  solvent, 
immiscible  with  water  ( 6 ,  15).  Several  reducing  agents  have 
been  used,  but  stannous  chloride  has  been  employed  more  often 
t.han  the  others.  The  reaction  is  affected  by  several  complicate 
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Figure  1 .  Soil  Working  Curve 


ing  factors,  including  the  interference  due  to  the  pink  complex 
formation  of  the  thiocyanate  ion  (which  fades  rapidly),  the 
fading  of  the  molybdenum  complex  itself,  and  the  effect  of  the 
concentration  of  hydrochloric  acid  and  other  electrolytes  on  the 
equilibrium  ( 5 ,  6,  17).  To  overcome  these  effects,  most  authors 
have  specified  strict  adherence  to  a  definite  procedure  and  to 
certain  concentrations  of  reagents  which  have  been  found 
satisfactory. 

The  polarographic  determination  of  molybdenum  has  been 
studied  by  Uhl  (22),  Stackelburg  (18),  Thanheiser  and  Willems 
(21),  Kanevsky  and  Shvartsburd  (8),  and  Hokhshtein  (7).  No 
satisfactory  curves  were  obtained  by  these  workers  in  neutral 
or  alkaline  solution  but  phosphoric,  sulfuric,  or  nitric  acid 
solutions  were  used  successfully.  Uhl  used  a  nitric  acid-am¬ 
monium  nitrate  solution  in  which  the  effect  of  the  nitrate  and 
hydrogen-ion  concentration  on  the  step  height  was  overcome  by 
the  addition  of  lactic  acid. 

SPECTROGRAPHIC  METHOD 

A  quartz  Littrow  spectrograph  a*d  a  nonrecording  micropho¬ 
tometer  were  used.  The  spectrograph  had  a  linear  dispersion  of 
about  5  A.  per  mm.  at  3200  A. 

Commercial  ammonium  molybdate  was  analyzed  spectro- 
graphically  and  found  to  contain  traces  of  calcium,  copper,  and 
iron  but  no  zinc,  strontium,  lithium,  cerium,  barium,  vanadium, 
yttrium,  chromium,  manganese,  tungsten,  aluminium,  nickel, 
zirconium,  silver,  cadmium,  titanium,  beryllium,  bismuth, 
antimony,  arsenic,  tin,  or  lead.  A  solution  of  this  ammonium 
molybdate  was  prepared  and  standardized  by  precipitation  as 
lead  molybdate.  The  solution  after  standardization  was  diluted 
to  0.1  mg.  of  molybdenum  per  ml.  and  other  dilutions  were  pre¬ 
pared  only  as  needed,  since  it  has  been  stated  that  0.001% 
molybdenum  solutions  show  only  0.2  to  0.4  of  their  original 
strength  after  long  storage  in  glass,  owing  to  base-exchange  and 
adsorption  (11).  A  beryllium  solution  was  prepared  by  dissolv¬ 
ing  5.185  grams  of  beryllium  nitrate  trihydrate  in  water  and 
diluting  to  250  ml.  This  solution  contained  approximately  1  mg. 
of  beryllium  per  ml.  It  was  not  standardized,  but  measured 
amounts  of  the  same  solution  were  used  throughout  this  study. 
Dilutions  of  1  to  10  and  1  to  100  were  made  to  facilitate  the  addi¬ 
tion  of  small  quantities. 

Two  types  of  base  material  for  soil  analysis  were  used:  silica 
(powdered  sand)  and  a  thoroughly  ground  and  homogenized 
“synthetic  soil”,  each  gram  of  which  contained  0.7  gram  of  the 
above  silica  and  0.1  gram  each  of  ferric  oxide,  aluminium  oxide, 
and  calcium  carbonate.  Both  were  analyzed  spectrographically 
for  molybdenum  and  beryllium  and  none  was  detected. 

Spectrographic  standards  were  prepared  from  both  base  ma¬ 
terials  by  adding  the  molybdenum  and  beryllium  solutions,  dry¬ 


ing,  grinding,  and  mixing  thoroughly  to  ensure  homogenei 
Five  standards  containing  from  0.1  to  0.001%  of  molybden 
and  each  containing  0.01%  of  beryllium  were  thus  prepar 

Spectrograms  of  these  standards  were  prepared  using  0.7 
cm.  (6/i6-inch)  graphite  electrodes  which  had  been  cut  and  bor 
purified  by  the  procedure  of  Standen  and  Kovach  (19),  and  p 
burned  for  2  minutes.  Five  to  7  mg.  of  the  standard  were  put  i: 
the  cup  of  the  lower  electrode  with  a  small,  half-cylinder-shap 
platinum  spatula.  The  standard  was  not  weighed,  since,  wit 
little  practice,  this  amount  can  be  estimated  with  some  facil 
and  an  exact  amount  is  not  necessary,  since  the  fine  stand: 
had  been  added  in  known  concentration.  This  approxim 
weight  served  as  a  control  on  the  time  of  burning,  etc.  Usin 
15-micron  slit  and  Type  III-O  Eastman  spectroscopic  plates 
arc  (direct  current,  250  volts,  12  amperes)  was  struck  (the  shut 
being  opened  just  before  striking  the  arc)  and  maintained  u 
the  sample  was  completely  volatilized.  The  arc  was  focused 
the  slit  with  a  quartz  condensing  lens  and  arc  wandering  was  c 
rected  manually.  After  processing,  the  galvanometer  deflect 
ratios  of  the  molybdenum  3170  A.  and  beryllium  3131  A.  li 
were  determined  with  the  microphotometer.  The  average  val 
thus  obtained  were  used  to  plot  the  working  curves  in  Figure  I 

IV  orking  curves  for  plant  materials  (Figure  2)  were  preparec 
a  similar  manner,  except  that  since  the  matrix  material  of  pi 
ash  is  different  from  soils,  a  base  material  was  made  up  so  t 
each  gram  contained  0.806  gram  of  calcium  carbonate,  0.030  gr 
of  magnesium  oxide,  0.117  gram  of  potassium  sulfate,  0.018  gr 
of  sodium  chloride,  and  0.029  gram  silicic  acid.  All  the  mater 
were  found  spectrographically  to  be  free  from  beryllium  i 
molybdenum. 

Ten  samples  of  plants  and  soils  were  analyzed  in  the  follow 
manner.  The  material  was  dried  at  110°  C.,  then  ashed  at  450' 
(at  550°  C.  there  is  danger  of  loss  of  molybdenum  by  volal 
zation),  carefully  pulverized,  and  mixed  in  an  agate  mortar. 
1-gram  portion  of  the  ash  was  weighed  out  (100  mg.  would 
sufficient),  sufficient  beryllium  solution  was  added  to  give  0.0 
of  beryllium,  and  the  material  was  dried  and  again  homogeni2 
Quintuplicate  spectrograms  were  prepared  and  measured  v 
the  microphotometer,  and  the  proportion  of  molybdenum 
termined  from  the  appropriate  curve.  The  results  of  the  analj 
are  given  in  column  3  of  Table  I. 


Table  I.  Analysis  of  Soils  and  Plants 


Molybdenum0 


Nature  of 

Spectro¬ 

Colori¬ 

Polar 

Sample 

Ash 

graphic 

metric 

graph 

% 

% 

% 

% 

Woody  peat 
(0-9  inches) 

22.84 

Trace  (below 
calibration) 

0.00065 

O.OOC 

Brighton  peat 

52.956 

None 

0.0003 

Trac 

(0-6  inches) 

Brighton  peat 

8.81 

0.0015 

0.0011 

O.OOC 

(6-18  inches) 

Everglades  peat 

11.41 

0.0026 

0.0021 

0.001 

(0-8  inches) 

Okeechobee  muck 

48.63 

0 . 0022 

0.0019 

0.001 

(8-20  inches) 

Dallis  grass 

10.25 

0.0035 

0.0031 

0.005 

Para  grass 

5.07 

0.037 

0.032 

0.031 

Napier  grass 

13.04 

0.0057 

0.0042 

0.00J 

Sugar  cane  leaves 

4.47 

0 . 0028 

0.0023 

0.005 

Saw  grass 

3.34 

0.0031 

0.0025 

0.001 

°  On  ash  basis. 

6  Probably  due  to  previous  burning. 


Neglecting  the  time  for  ashing,  preparation  of  the  sane 
requires  about  30  minutes,  and  the  additional  time  requi 
for  each  determination  on  a  routine  basis  is  estimated  at  ab 
10  minutes.  There  is  also  the  possibility  of  simultaneous  de 
mination  of  several  elements,  which  would  decrease  the  t: 
per  determination. 

The  factors  affecting  the  precision  of  this  procedure 
(1)  nonuniformity  of  the  sample,  (2)  contamination,  (3)  va 
tion  of  exposure  conditions  such  as  wandering  of  the  arc  i 
change  in  line  voltage,  and  (4)  the  photometric  error.  Twe 
replicate  analyses  of  the  sample  of  sugar  cane  leaves  showe 
probable  error  of  a  single  determination  of  approximately  1 
of  the  mean.  The  use  of  solutions  of  both  the  standards  i 
unknowns  might  possibly  increase  the  precision,  but  would 
crease  the  time  required  for  analysis  and  the  danger  of  c 
tamination. 
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The  factors  affecting  the  accuracy  are  (1)  incomplete  burning 
|  (2)  the  influence  of  varying  major  constituents  on  the  vola- 
ty  and  excitability  of  the  molybdenum  and  beryllium  atoms, 
ithis  work  the  sample  was  always  completely  burned  and  stand- 
.8  approximating  the  composition  of  the  samples  were  used. 
The  lower  limit  of  detectability  of  molybdenum  depends  to 
ae  extent  on  the  material  being  analyzed.  The  absolute 
isitivity  of  the  3170  A.  line  appears  to  be  about  0.05  micro- 
jn  under  the  conditions  used  here;  hence,  with  a  10-mg. 
ople  approximately  0.0005%  of  molybdenum  could  be  de- 
ted.  Chemical  concentration  could  increase  the  sensitivity, 
It  would  partially  vitiate  the  advantages  of  a  spectrographic 
thod. 


COLORIMETRIC  METHOD 

Certain  features  of  Sandell’s  procedure  (17)  have  been  com- 
led  with  some  of  those  of  Hoffman  and  Lundell  (6)  in  this 
rk.  A  solution  of  sexivalent  molybdenum  in  a  volume  of  50 
.  was  prepared,  to  which  were  added  7  ml.  of  concentrated 
drochloric  acid.  To  this  solution,  contained  in  a  separatory 
mel,  3  ml.  of  10%  potassium  thiocyanate  solution  and  3  ml.  of 
nnous  chloride  solution  (10  grams  of  stannous  chloride  di- 
drate  in  100  ml.  of  1  to  9  hydrochloric  acid,  prepared  daily) 
re  added  in  the  order  given,  and  mixed  well  after  each  addition, 
ter  1  or  2  minutes  the  solution  was  extracted  first  with  10  ml. 
ether  (pretreated  with  one  tenth  its  volume  of  equal  amounts 
the  potassium  thiocyanate  and  stannous  chloride  solutions), 
in  with  5-ml.  portions  of  ether  until  no  additional  color  was 
served  in  the  ether  extract.  The  combined  extracts  were  run 
,o  a  25-ml.  volumetric  flask  (for  very  small  quantities  a  10-ml. 
lumetric  flask  was  used)  and  diluted  to  volume  with  the  treated 
ier.  The  solution  was  compared  in  a  Duboscq  colorimeter 
th  a  standard  which  was  prepared  simultaneously  and  in  the 
ne  manner  from  the  standard  ammonium  molybdate  solution. 
Experiments  conducted  with  various  interfering  ions  which 
add  normally  be  present  in  solutions  of  plant  or  soil  samples 
affirmed  the  findings  of  Hoffman  and  Lundell  that  the  presence 
iron  affects  the  molybdenum  thiocyanate  complex  color.  This 
an  enhancing  effect  which  reaches  a  maximum  when  about  2 
5.  of  iron  are  present,  and  additional  iron  has  no  further  effect. 
)ffman  and  Lundell  recommend  the  addition  of  10  mg.  of  ferric 
>n  to  every  determination  before  reduction  and  extraction  and 
is  procedure  was  adopted  in  all  cases  where  the  iron  was  not 
•eady  present.  Other  ions,  including  Ca++  (200  mg.),  K+ 
60  mg.),  Na+  (200  mg.),  Mg++  (20  mg.),  Mn++  (2  mg.), 
,‘.)++  (0.2  mg.),  Zn++  (0.2  mg.),  Cu++  (0.2  mg.),  Zr++++  (1 
:?.),  Ti+++  (1  mg.),  S04  (80  mg.),  Cra07  (0.7  mg.),  P04 

00  mg.),  B407 —  (2  mg.),  and  SiOj  (80  mg.)  were  added  in 
i,e  above  amounts  to  both  500  and  50  micrograms  of  molyb- 


Figure  2.  Plant  Working  Curve 


denum  and  were  found  to  give  no  interference  in  these  propor¬ 
tions  which  are  ordinarily  encountered  (23)  in  plant  and  soil 
samples. 

Other  experiments  confirmed  previous  statements  on  the  in¬ 
stability  of  the  molybdenum  thiocyanate  color.  Standards  and 
unknowns  were  therefore  prepared  simultaneously  and  compared 
immediately.  A  calibration  curve  was  prepared  (24)  by  plotting 
the  average  reading — i.e.,  the  arithmetic  mean  of  10  or  more 
readings,  with  one  cup  set  at  some  predetermined  height 
against  the  ratio  of  the  solution  concentrations  in  the  two  cups. 
Although  a  straight-line  relationship  exists,  the  indicated  lack  of 
conformity  to  Beer’s  law  shows  that  the  standards  and  unknowns 
should  have  a  difference  in  concentration  of  not  more  than  25%. 

The  following  procedure  was  finally  adopted  for  analysis  of 
the  samples: 

The  material  was  first  ignited  at  450°  C.  and  then  carefully 
mixed.  One  gram  of  this  ash  was  weighed  out,  and  10  ml.  of 
(1  to  4)  hydrochloric  acid  were  added  and  heated.  The  solution 
was  filtered  through  an  ashless  filter  paper,  washed  several  times 
with  water,  and  the  filter  paper  and  residue  were  transferred  to  a 
platinum  dish  and  ignited  at  450°  C.  A  few  milliliters  of  water, 
several  drops  of  sulfuric  acid,  and  about  10  ml.  of  hydrofluoric 
acid  were  added,  evaporated  on  a  steam  bath,  and  ignited.  Water 
and  hydrofluoric  acid  were  added  again  and  the  evaporation  was 
repeated.  With  plant  materials  there  was  often  a  residue  of  or¬ 
ganic  matter  which  was  removed  by  again  igniting  the  dish  at 
450°  C.  A  few  milliliters  of  water  and  1  ml.  of  hydrochloric  acid 
were  added,  warmed,  and  the  solution  was  made  up  to  50  ml. 
With  soils  there  was  sometimes  a  residue  which  was  filtered  off. 
The  hydrochloric  acid  concentration  was  adjusted,  10  mg.  of 
iron  were  added  if  not  already  present,  3  ml.  of  potassium  thio¬ 
cyanate  solution  and  3  ml.  of  stannous  chloride  solution  were 
added,  the  solution  was  extracted  with  several  portions  of  ether, 
diluted  to  volume,  and  the  color  compared  with  a  standard  of 
approximately  the  same  concentration  prepared  simultaneously. 
Using  this  procedure,  duplicate  analyses  were  made  on  the  ten 
samples  previously  analyzed  spectrographically.  The  results 
are  given  in  column  4  of  Table  I. 

The  procedure  used  volatilizes  the  silicon  as  silicon  tetrafluo- 
ride  because  it  was  found  that  molybdenum  is  often  retained  in 
the  silica  residue  if  a  sodium  carbonate  fusion  is  used.  The 
fusion  also  has  the  disadvantage  of  introducing  some  platinum 
into  the  solution,  giving  an  interfering  color  which  is  especially 
serious  when  only  a  few  micrograms  of  molybdenum  are  present. 
No  molybdenum  could  be  detected  spectrographically  in  the 
residue  from  the  hydrofluoric-sulfuric  acid  treatment  nor  was 
there  any  appreciable  loss  of  molybdenum  by  this  treatment, 
but  the  method  is  sensitive  only  to  about  0.05  microgram. 

To  determine  the  accuracy  and  precision  of  the  method  a 
synthetic  ash  solution  was  prepared  containing  100  mg.  of  K+ 
and  Ca++,  50  mg.  of  Mg++,  10  mg.  of  Na+  and  Fe+++,  2  mg.  of 
Al+++  and  Mn++,  and  1  mg.  of  Co++,  Zn++,  Cu++,  and  Ni++, 
all  as  the  chlorides,  and  20  mg.  of  phosphorus  as  orthophosphonc 
acid.  Known  amounts  of  molybdenum  were  added  and  the 
analysis  was  carried  out  as  previously  described.  Under  these 
ideal  conditions  an  accuracy  of  5%  and  a  probable  error  of  2.9% 
were  secured.  It  is  estimated  that  with  plant  or  soil  samples  an 
accuracy  of  15%  could  reasonably  be  expected. 

The  lower  limit  of  detectability  with  this  procedure  is  approxi¬ 
mately  1  microgram,  but  the  precision  is  rather  poor  with  this 
amount  in  10  ml.  It  is  estimated  that  eight  to  ten  determina¬ 
tions  could  be  made  in  one  day,  although  the  speed  and  sensi¬ 
tivity  might  be  increased  by  using  photoelectric  or  microcolor¬ 
imeters. 

The  advantages  of  this  procedure  are  that  no  special  ap¬ 
paratus  is  required  and  very  small  proportions  of  molybdenum 
may  be  determined.  On  the  other  hand,  the  residual  solution 
is  probably  not  suitable  for  other  determinations  and  each 
determination  requires  relatively  large  amounts  of  sample 
(1  gram)  which  might  not  be  available  in  all  cases. 


POLAROGRAPHIC  METHOD 

The  polarograph  used  was  a  photographic  recording  Hey- 
rovsky  instrument  manufactured  in  Prague.  The  dropping  elec¬ 
trode  was  made  by  sealing  a  2.5-cm.  length  of  Pyrex  “marine 
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barometer  tubing”  with  an  internal  diameter  of  about  0.05  mm. 
into  the  bottom  of  a  50-ml.  distilling  flask  with  a  2.5-cm.  length 
of  Pyrex  tubing.  The  distilling  flask  was  connected  to  a  manom¬ 
eter  and  leveling  bulb  containing  mercury  to  maintain  a  suit¬ 
able  pressure  and  dropping  rate  {12). 

Previous  investigators,  using  fairly  large  amounts  of  molyb¬ 
denum,  have  obtained  satisfactory  curves  only  in  18  N  sulfuric 
acid  (18),  33%  phosphoric  acid  (8),  and  ammonium  ni¬ 
trate-nitric  acid  (22)  solutions.  Preliminary  experiments 
were  made  with  known  amounts  of  molybdenum  from  the 
standardized  ammonium  molybdate  solution  and  various  regulat¬ 
ing  solutions  by  removing  oxygen  with  nitrogen  and  analyzing 
polarographically  with  suitable  galvanometer  sensitivity.  Regu¬ 
lating  solutions  of  0.4  to  70%  phosphoric  acid,  18  N  sulfuric  acid, 
sodium  sulfate-sulfuric  acid  pH  1.5,  sodium  acetate-acetic  acid 
pH  3.6,  ammonium  chloride-hydrochloric  acid  pH  1.1,  0.05  M 
potassium  chloride,  and  ammonium  nitrate-nitric  acid  pH  0.5 
to  4.7  were  used.  Satisfactory  curves  were  obtained  with  20 
to  35%  phosphoric  acid  and  various  ammonium  nitrate-nitric 
acid  mixtures.  In  the  latter  case  the  step  heights  were  markedly 
affected  by  changes  in  either  hydrogen-  or  nitrate-ion  concentra¬ 
tion.  The  solution  giving  the  most  easily  measured  curves  with 
sharper  and  better  defined  upper  and  lower  “breaks”  was  one  of 
pH  approximately  1  and  a  nitrate  concentration  of  1.0  N.  Uhl 
(22)  recommended  the  use  of  lactic  acid  with  this  solution,  but  its 
addition  gave  unsatisfactory  curves  with  maxima. 

It  was  hoped  that  it  would  be  possible  to  dissolve  the  plant 
or  soil  material  in  a  suitable  acid,  adjust  the  pH  and  nitrate-ion 
concentration,  and  analyze  the  solution  directly  with  the  polaro- 
graph.  A  study  of  various  other  ions,  in  proportions  such  as 
might  be  expected  in  solutions  of  plants  and  soils,  showed  that 
potassium,  calcium,  sodium,  and  magnesium  nitrates  had  no 
effect.  While  small  amounts  of  potassium  chloride  (1  and  5  ml. 
of  1  M  potassium  chloride  in  50  ml.  of  solution  containing  5 
microgram  of  molybdenum  per  ml.)  did  not  have  a  great  effect 
upon  the  character  of  the  polarogram,  larger  amounts  (10 
and  25  ml.)  affected  the  limiting  current  angle  markedly.  This 
may  be  due  to  the  chloride  ion,  since  equivalent  amounts  of 
potassium  sulfate  had  no  such  effect.  The  presence  of  phos¬ 
phoric  acid  reduced  the  step  height  and  small  amounts  of  iron 
gave  a  wave  just  preceding  and  close  enough  to  that  of  the 
molybdenum  to  cause  interference.  The  interference  of  one 
element  with  another  may  sometimes  be  eliminated  by  com¬ 
plex  formation  (10)  and  Uhl  (22)  stated  that  he  could  over¬ 
come  the  interference  of  iron  by  the  addition  of  oxalate  but 
not  with  citrate  or  fluoride.  All  were  found  unsatisfactory,  as 
the  first  two  either  reduced  the  step  height  or  introduced  maxima 
and  the  fluoride  eliminated  the  step  altogether. 

Attempts  to  remove  the  iron  by  precipitation  with  sodium 
hydroxide  (13)  or  ammonium  hydroxide  ( 14 )  gave  unsatis¬ 
factory  results.  The  molybdenum  was  therefore  separated  by 
precipitation  with  alpha-benzoinoxime  (9),  dissolved,  and  the 
solution  analyzed  polarographically.  The  best  conditions  for 
precipitation  of  molybdenum  with  alpha-benzoinoxime  are  in 
solutions  containing  5%  nitric,  hydrochloric,  or  sulfuric  acid 
with  an  excess  of  reagent  and  below  10°  C.  Vanadium,  chro¬ 
mium,  tungsten,  palladium,  columbium,  gold,  or  tantalum  inter¬ 
feres  but  the  last  five  seldom  are  encountered  in  plants  and 
soils  and  the  first  two  cause  no  trouble  if  they  are  reduced  with 
a  little  sulfurous  acid  before  the  benzoinoxime  is  added. 

Since  no  data  were  available  on  the  precipitation  of  less  than 
50  micrograms  of  molybdenum  in  200  ml.  of  solution,  varying 
amounts  of  molybdenum  were  put  in  50  ml.  of  solution  containing 
5%  hydrochloric  acid  and  analyzed.  The  solution  was  cooled 
below  10°  C.,  and  2  ml.  of  a  2%  alcoholic  benzoinoxime  solution 
and  a  few  drops  of  bromine  water  were  added.  After  standing 
10  to  15  minutes  with  occasional  stirring,  the  precipitate  was 
filtered  off,  ignited  at  450°  C.,  the  residue  dissolved  in  3  drops 
of  N  sodium  hydroxide,  1  ml.  2  N  nitric  acid,  and  2  ml.  of 
4  N  ammonium  nitrate  added,  the  solution  diluted  to  10  ml., 
oxygen  removed,  and  analyzed  polarographically.  The  wave 
heights  were  evaluated  by  measuring,  at  the  half-wave  potential, 
the  vertical  distance  between  straight-line  extensions  of  the 
principal  slope  lines  through  the  centers  of  oscillation  amplitudes 
before  and  after  the  current  step.  The  results  varied  from  0.9% 
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loss  with  100  micrograms,  to  10%  loss  with  5  micrograms,  a 
30%  loss  with  1  microgram. 

Known  amounts  of  molybdenum  were  added  to  the  same  s} 
thetic  ash  solution  as  used  with  the  colorimetric  method,  a 
determinined  as  outlined  above.  For  comparison,  solutions  c( 
taining  the  same  quantities  of  molybdenum,  ammonium  nitn 
and  nitric  acid  and  2  micrograms  of  iron  (since  the  small  quar 
ties  of  iron  carried  down  with  the  alpha-benzoinoxime  causec 
slight  shift  in  the  half-wave  potential),  were  prepared  and  ai 
lyzed  polarographically.  A  calibration  curve  for  a  drop  rate 
1.8  seconds  and  calculated  to  1/2o  galvanometer  sensitivity  sho 
a  straight-line  relationship  between  concentration  and  si 
height  up  to  5  micrograms  of  molybdenum  per  ml. 

The  soil  and  plant  samples  were  prepared  for  precipitati 
as  described  for  the  colorimetric  procedure.  The  hydrochlo 
acid  concentration  was  adjusted  to  5%  and  the  precipitati 
made  as  above,  adding  a  little  sulfurous  acid  in  the  case  of  so 
With  the  soil  samples  containing  a  large  proportion  of  iron,  1 
alkaline  solution  of  the  residue  after  ignition  was  filtered  throu 
a  small,  sintered-glass  funnel  to  remove  the  iron  carried  do’ 
with  the  precipitate.  The  results  of  the  analysis  of  the  plant  a 
soil  samples  by  this  method  are  given  in  column  5  of  Table  I. 

The  accuracy  of  this  procedure  varies  with  the  amount 
molybdenum  present  and  it  should  not  be  used  for  materi 
containing  less  than  0.0005%  molybdenum  unless  the  samp 
are  larger  than  1  gram.  It  is  estimated  that  6  to  8  determh 
tions  could  be  made  per  day. 

Because  of  the  separation  procedure,  molybdenum  is  1 
only  constituent  which  can  be  determined.  Some  copper 
precipitated  by  the  benzoinoxime,  and  gives  a  small  step  ji 
preceding  the  molybdenum. 

The  corrected  half-wave  potential  was  determined  to 
—0.42  volt,  using  a  glass-jointed  salt  bridge  as  suggested 
Kolthoff  and  Lingane  (10). 

The  marked  tendency  of  molybdenum  to  form  heterop< 
acids  (2),  the  enhanced  reducibility  of  these  molybdem 
heteropoly  acids  (3),  and  the  fact  that  no  step  is  obtained 
hydrochloric  acid  solution  but  is  in  nitric,  sulfuric,  or  phospho 
solutions  make  it  seem  likely  that  the  step  obtained  in  t 
study  may  be  due  to  the  reduction  of  a  nitrate-molybd: 
heteropoly  acid. 
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A  Selective  Spot  Reaction  for  Cadmium1 
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n  1898  Blau  (J)  showed  that  a,  a '-dipyridyl  and  a,a'-phenan- 
throline  form  intensely  red,  water-soluble,  acid-resistant  fer¬ 
ns  salts. 

<I>  \> 

\=N/  \N=/ 

a,  a '-dipyridyl  a,  a '-phenanthroline 

ley  owe  their  color  to  the  complex  ions  Fe(a,a'-dipyridyl)3++ 
d  Fe(a,a'-phenanthroline)3++.  These  cations  belong  to  the 
xammine  type,  since  six  coordination  positions  of  the  iron 
iom  are  occupied  by  three  molecules  of  base,  each  with  two 
ordinating  nitrogen  atoms  or  rather  — N=  groups.  In  con- 
ist  to  most  ferrous  salts,  which  readily  undergo  oxidation, 
ese  complex  ions  are  remarkably  stable,  and  are  extraordi- 
,rily  resistant  against  attack  by  even  alkalies  and  alkali  sulfides. 
The  analytical  application  of  these  complexes  came  many 
ars  after  their  discovery. 

In  1930,  Hill  (6),  and  then  independently  Feigl  and  his  col- 
Dorators  (8)  in  1931,  described  the  use  of  the  dipyridyl  com- 
iund  for  the  detection  and  colorimetric  determination  of  iron, 
ae  phenanthroline  complex  was  used  in  the  same  way  somewhat 
‘ter.  The  numerous  publications  (5,  8,  9,  10,  12,  18,  15,  17,  18) 
stify  to  the  value  of  these  complexes  for  these  purposes  and  also 
redox  indicators.  Komarowski  and  Poluektoff  (7)  used  the 
a'-dipyridyl  complex  to  detect  molybdenum  (after  reduction 
ith  stannous  chloride).  Poluektoff  and  Nazarenko  (11)  de- 
ribed  the  microchemical  detection  of  various  anions  through 
.aracteristic  crystalline  precipitates  containing  these  corn- 
exes.  Ferrari  (J))  utilized  the  formation  of  stable  Fe(a,a'- 
pyridyl)a++  ions  to  obviate  the  interference  of  iron  in  certain 
ecipitation  reactions  of  magnesium,  beryllium,  aluminum,  and 
sanium.  The  a, a '-dipyridyl  acts  as  a  masking  agent  in  such 
!ses. 

Some  years  ago,  the  senior  author  (2)  showed  that  red  pre- 
pitates  result  when  considerable  quantities  of  alkali  iodides 
dilute  solutions  of  potassium-nickel  cyanide  are  added  to  the 
d  solution  of  ferrous  dipyridyl  salts.  The  precipitates  consist 
I  Fe(a,a'-dipyridyl)3.l2  and  Fe(a,a'-dipyridyl)3.Ni(CN)2,  re- 
«ctively.  The  ferrous  phenanthroline  salts  show  a  like  be- 
ivior.  These  observations  suggested  that  solutions  of  these 
implex  salts  might  function  as  general  precipitants  for  volumi- 
)us  anions.  Exploratory  trials  in  this  laboratory  have  shown 
iat  such  precipitates  are  formed  by  molybdic,  tungstic,  H3P04.- 
!Mo03.aq.,  H3P04.12W03.aq.,  periodic,  picric,  picrolonic,  and 
(irintricarboxylic  acids,  and  by  the  following  complex  anions: 
gl*",  Bill-,  Cdl4— ,  Ni(CN)4— ,  Co(CN)»— ,  Zn(CN)4— , 
d(CN)4  ,  and  Hg(CNS)4— . 

All  the  precipitates  produced  by  the  union  of  Fe(a,a'-dipy- 
dyl)s't+  or  Fe (a, a '-phenanthroline)3 ++  with  the  foregoing  com- 
,)unds  or  ions  are  crystalline.  Their  color,  which  ranges  from 
d,  red  violet,  to  blackish  red,  indicates  that  the  red  complex 
in  ions  constitute  the  chromotropic  constituent  of  the  respec- 
ve,  slightly  soluble  salts. 

I  The  analytical  utility  of  precipitating  these  complex  anions 
ith  Fe(a,  a'-dipyridyl)  3++  and  Fe(a,a'-phenanthroline)3++  has 
Jen  studied  in  this  laboratory.  New  methods  of  detection 
ised  on  these  precipitates  have  been  developed,  and  further- 
ore  new  procedures  for  the  quantitative  determination  of 
ercury,  bismuth,  nickel,  zinc,  cadmium,  and  phosphate  have 
sen  worked  out.  However,  satisfactory  methods  for  detecting 
I  id  determining  these  materials  are  already  available,  and  in  view 
the  relatively  high  price  of  a, a'-dipyridyl  and  a,a'-phenan- 
1  iroline,  it  seems  best  at  this  time  to  limit  the  discussion  to  a 
ngle  new  application  of  these  reagents,  since  it  presents  an 
1  'tual  advance  and  advantage. 

J  1  Translated  from  the  German  manuscript  by  Ralph  E.  Oesper,  Uni- 
I  rsity  of  Cincinnati. 


The  precipitation  of  red  Fe(  a,  a'-dipyridyl)  3.CdI4  is  the  basis 
of  a  spot  reaction  that  can  reveal  the  presence  of  minute  quanti¬ 
ties  of  cadmium.  If  carried  out  in  ammoniacal  solution,  this 
test  succeeds  even  though  copper  and  zinc  are  present.  The 
simplicity  of  the  procedure  and  the  attainable  identification 
limits  and  limiting  proportions  make  it  superior  to  all  previous 
spot  tests  for  this  element.  In  addition,  it  appears  probable  that 
the  precipitation  of  Fe(a,a'-dipyridyl)3.CdI4  from  ammoniacal 
solution  will  provide  a  simple  method  of  quantitatively  separating 
cadmium  from  considerable  quantities  of  copper  and  zinc.  This 
separation  is  extremely  difficult  when  the  methods  available  up 
to  now  are  used. 

The  new  method  of  detecting  cadmium  and  separating  it  from 
other  metals  requires  the  maintenance  of  conditions  at  which 
there  is  no  coprecipitation  of  red  Fe(a,a'-dipyridyl)3.l2  or  other 
complex  iodides.  These  conditions  are  easily  secured  by  working 
in  ammoniacal  solution  and  by  employing  a  saturated  solution 
of  Fe(a,a'-dipyridyl)3.I2  that  contains  an  excess  of  iodide  ions. 
This  reagent  then  contains  all  the  ionic  species  requisite  to  the 
formation  of  Fe( a, a'-dipyridyl) 3.CdI4  in  accord  with  the  equa¬ 
tions: 

Cd++  +  Fe(a,a'-dipyridyl)3++  +  4I~  — 

Fe(a,a'-dipyridyl)3.CdI4 
Cd(NH3)4++  +  F e (a, a  '-dipyridyl) 3+ +  +  41  — 

Fe(a,a'-dipyridyl)3.CdI4  +  4NH3 

a,  a '-Phenanthroline  may  be  used  in  place  of  the  a,  a '-dipyridyl. 

DETECTION  OF  CADMIUM  IN  THE  PRESENCE  OF  OTHER  METALS 

Precipitant,  a,  a '-Dipyridyl  (0.25  gram)  and  ferrous  sulfate 
heptahydrate  (0.146  gram)  are  dissolved  in  50  ml.  of  water.  Ten 
grams  of  potassium  iodide  are  added,  the  solution  is  shaken 
vigorously  for  30  minutes,  and  the  precipitate  is  filtered  off.  The 
filtrate  is  a  saturated  solution  of  Fe(a,a'-dipyridyl)3.l2  containing 
an  excess  of  potassium  iodide.  The  reagent  is  stable.  If  it 
becomes  cloudy  after  long  standing,  it  can  be  restored  to  useful¬ 
ness  by  filtering. 

Procedure.  Thick  filter  paper  (S.  and  S.  601  or  Whatman 
120)  is  used.  A  strip  is  laid  across  a  small  beaker  or  crucible.  A 
drop  of  the  weakly  acidified,  neutral,  or  ammoniacal  test  solution 
is  placed  on  the  paper.  Before  the  drop  is  absorbed,  the  spot  is 
treated  with  a  drop  of  the  precipitant.  Reaction  takes  place  at 
once,  and  after  the  liquid  has  soaked  in,  the  cadmium-bearing 
precipitate  is  left  as  a  red  fleck  or  ring.  The  color  is  intense 
enough  so  that  the  precipitate  is  easily  seen  against  the  red  stain 
left  by  the  spreading  of  the  reagent.  A  blank  or  comparison  test 
is  necessary  only  when  very  small  amounts  of  cadmium  are  sus¬ 
pected. 

The  test  solution  and  precipitant  may  also  be  brought  together 
in  a  microcentrifuge  tube.  It  is  best  to  introduce  the  drop  of  the 
precipitant  first,  then  a  drop  of  the  test  solution,  and  to  centrifuge 
immediately.  For  reasons  that  are  not  apparent,  the  sensitivity  of 
the  test  is  appreciably  less  if  the  drops  are  mixed  before  starting 
to  centrifuge.  WThen  cadmium  is  present,  a  red  precipitate  collects 
in  the  constricted  end  of  the  tube. 

identification  limit:  0.05  microgram  of  cadmium;  limiting 
proportion:  1  to  1,000,000. 

DETECTION  OF  CADMIUM  IN  THE  PRESENCE  OF  OTHER  METALS 

Metal  ions  that  form  slightly  soluble  or  complex  iodides  inter¬ 
fere  with  the  direct  use  of  Fe(  a,  a  '-dipyridyl)  3.I2  as  precipitant 
for  cadmium.  The  iodide  of  the  reagent  is  thrown  down  by  silver, 
thallium,  and  lead  salts,  and  the  precipitates  are  made  red  by 
adsorption  of  Fe(  a,  a '-dipyridyl)  3++  ions.  Cupric  salts,  in  neu¬ 
tral  or  acidified  solutions,  liberate  iodine  with  simultaneous 
precipitation  of  cuprous  iodide,  which  forms  colored  addition 
complexes  with  a,  a '-dipyridyl  and  a,  a '-phenanthroline  (16). 
Bismuth,  mercuric,  stannous,  and  stannic  salts  form  soluble 
complex  iodides,  which  likewise  are  deposited  as  red  complexes 
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containing  <*,a'-dipyridyl.  (These  latter  precipitations  are  not 
nearly  so  complete  as  the  corresponding  cadmium  reaction.) 

None  the  less,  the  test  for  cadmium  becomes  almost  specific  if 
the  test  solution  is  treated  beforehand  with  ammonia  water.  The 
interfering  lead,  mercuric,  bismuth,  stannous,  and  stannic  ions 
are  removed  as  hydrous  oxides  and  the  ammoniacal  filtrate  can 
then  be  tested  with  the  reagent.  The  Cd(NH3)++  ions  in  the  fil¬ 
trate  react  promptly,  whereas  any  Cu(NH3)++  and  Zn(NH3)4++ 
ions  are  inactive.  The  only  other  interfering  ions  in  the  am¬ 
moniacal  filtrate  are  Ag(NH3)2+  and  thallium.  If,  therefore, 
cadmium  is  to  be  detected  in  the  presence  of  these  and  other 
ions  that  form  slightly  soluble  iodides  the  following  procedure 
can  be  used: 

Dilute  hydrochloric  acid  is  added  to  the  test  portion ;  any  pre¬ 
cipitate  (silver,  lead,  thallous  chloride)  is  filtered  off.  The  filtrate 
is  made  ammoniacal,  filtered  if  need  be,  and  the  clear  solution 
tested  with  the  reagent.  All  these  operations  can  be  carried  out 
with  one  or  two  drops  of  the  test  solution  in  a  microcentrifuge 
tube.  The  various  precipitates  are  easily  segregated  by  centri¬ 
fuging. 

The  effectiveness  of  this  test  for  cadmium  was  measured  with 
the  aid  of  ammoniacal  solutions  containing  known  quantities  of 
Cd++  and  Cu++,  and  Cd++  and  Zn++.  The  findings  were  that 

in  one  drop  it  is  possible  to  detect  microoram  I  0f  cacjmiUm 

0.1  microgram  ) 

in  the  presence  of  5000  times  this  quantity  of  j 

Far  better  limiting  proportions  are  obtained  if  the  detection 
of  about  0.2  microgram  of  cadmium  is  all  that  is  required. 

QUANTITATIVE  DETERMINATION  OF  CADMIUM 

Although  the  precipitate  conforms  to  the  formula  Fe(u,a'- 
dipyridyl)3.Cdl4,  the  writers  have  not  yet  been  able  to  use  this 
material  as  the  basis  of  a  direct  method  for  determining  cadmium. 
When  washed  with  water  to  remove  the  adhering  reagent,  the 
precipitate  dissolves  to  some  extent  and  also  decomposes  slightly. 
Consequently,  low  values  are  obtained.  None  the  less,  cadmium 
can  be  quantitatively  separated  from  other  metals,  particularly 
copper  and  zinc,  by  precipitation  from  an  ammoniacal  solution  by 
means  of  ferrous  dipyridyl  and  iodide.  After  the  Fe(a,a'- 
dipyridyl)3.Cdl4  has  been  isolated  and  decomposed,  the  cadmium 
can  be  determined  by  any  of  the  accepted  procedures.  The  pre¬ 
cipitation  by  means  of  mercaptobenzothiazole  (14)  is  recommended 
particularly. 

The  reagent  solution  used  for  the  detection  of  cadmium  is  em¬ 
ployed  for  its  quantitative  precipitation. 

The  precipitate  is  collected  on  paper  or  in  a  filtering  crucible 
and  washed  with  diluted  precipitant,  then  dissolved  in  hot 
sulfuric  acid  (1  to  4).  An  excess  of  strong  bromine  water  is  added 
to  the  solution,  which  is  then  boiled  for  10  minutes.  The  iron  is 
thus  oxidized  and  the  iodide  is  converted  to  iodate.  The  cooled 
solution  is  made  ammoniacal  and  then  warmed.  The  hydrous 
iron  oxide  precipitate  is  filtered  off.  The  cadmium  is  then  pre¬ 
cipitated  by  adding  an  ammoniacal  solution  of  mercaptobenzo¬ 
thiazole  to  the  clear  filtrate.  The  precipitate  is  washed  with 
dilute  ammonia  and  brought  to  constant  weight  at  110°  to 
120°  C.  The  factor  to  cadmium  is  0.2330. 

This  procedure  gave  very  satisfactory  results  with  solutions 
that  contained  100  mg.  of  cadmium  along  with  200  times  this 
weight  of  copper,  or  100  times  this  quantity  of  zinc.  Lack  of  the 
reagent  prevented  trials  on  mixtures  containing  other  proportions 
or  other  materials.  It  is  hoped  therefore  that  this  promising 
procedure  may  be  tried  by  other  workers. 
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A  Simple  Microtorch 

EDWARD  N.  DACUS 

Beacon  Research  Laboratories,  The  Texas  Company,  Beacon,  N.  ' 

A  HYPODERMIC  needle  (which  can  probably  be  obtain* 
from  a  First  Aid  Room)  makes  an  excellent  nozzle  for 
microflame.  Details  of  a  hand  torch  that  has  found  many  us 
in  this  laboratory  are  shown  in  the  accompanying  diagrai 
The  parts  can  be  made  with  simple  hand  tools  and  solder* 
together  to  form  a  single  unit.  No  special  skill  is  required. 


The  beveled  point  is  ground  off  the  hypodermic  needle  ai 
the  shield  is  made  to  extend  about  4.7  to  6  mm.  (0.188  to  0.1 
inch)  beyond  its  tip.  The  only  function  of  the  shield  is 
protect  the  flame  from  drafts.  Air  holes  in  the  base  of  tl 
shield  are  neither  necessary  nor  desirable.  A  nonreducing  flan 
is  obtained  without  them,  and  they  tend  to  decrease  the  stabili 
of  the  flame,  which  otherwise  is  extremely  difficult  to  extinguii 
by  drafts  or  sudden  movements  through  the  air. 

The  convenient  hand  grip  shown  in  the  diagram  can  be  pr 
vided,  as  an  additional  refinement,  by  boring  several  co 
stoppers  and  slipping  them  over  the  barrel  of  the  torch  wi 
their  large  and  small  ends  alternately  facing.  They  shou 
be  shellacked  in  place  and  have  their  edges  sanded  smooth. 

A  Becton  and  Dickinson  No.  25  needle,  which  has  an  insii 
bore  of  the  order  of  0.25  mm.  (0.01  inch),  gives  a  nonreducii 
“pin  flame”  that  is  hot  enough  for  soldering  electrical  co 
nections  and  small  parts.  A  still  hotter  flame,  for  work  w 
quartz  fibers  and  the  like,  can  be  made  by  using  a  slight 
larger  (No.  18)  needle  and  feeding  oxygen  into  the  gas  throui 
a  T  placed  well  back  in  the  rubber  tubing.  In  such  case,  tl 
gas  should  be  turned  on  and  lighted  before  admitting  oxyg< 
to  the  line,  and  the  oxygen  should  be  turned  off  before  tumii 
off  the  gas. 

A  gas  flame  about  1  mm.  in  diameter  and  from  1  to  abo 
30  mm.  in  length  can  be  obtained  with  a  No.  25  needle.  Wi 
a  No.  18  needle  and  a  somewhat  shorter  overhang  of  the  shiel 
a  gas-oxygen  flame  about  3  mm.  in  length  is  obtained.  Whi 
no  further  tests  have  been  made,  it  is  obvious  that  the  size 
the  flame  can.  within  limits,  be  varied  to  suit  by  proper  choi 
of  needle  size. 


- 


NEW  EQUIPMENT 


Carbon  Determinator 


The  Harry  W.  Dietert 
Co.,  Detroit,  Mich.,  an¬ 
nounces  an  improved  2- 
minute  carbon  determinator 
for  rapid  and  accurate  total 
carbon  determinations  of  all 
metals. 

The  gas  pressure  in  both 
the  measuring  buret  and 
carbon  dioxide  absorption 
vessel  is  automatically 
brought  to  the  same  atmos- 
pheric  pressure,  thus 
eliminating  the  possibility 
of  inaccurate  reading  due 
to  the  difference  in  gas  pres¬ 
sure  at  the  start  and  the 
end  of  the  test.  The  gas 
pressure  in  the  measuring 
buret  is  precisely  brought 
to  atmospheric  pressure  at 
the  time  the  reading  is 
taken.  The  buret  is  con¬ 
nected  to  an  absorption 
vessel  constructed  in  the 
form  of  a  U-tube,  and  the 
liquid  level  is  brought  to 
an  exact  fixed  hairline 
marker  on  a  capillary  tube 
stem  of  this  vessel.  This 
marker  is  set  at  atmos- 
eric  pressure  level  and  eliminates  the  error  usually  obtained  in 
'eling  by  eye  between  the  aspirator  bottle  and  buret  stem. 

The  sample  is  burned  in  the  combustion  tube  in  a  partial  vacuum 
lich  aids  in  complete  combustion 


Refractometer 

i  A  continuous-flow,  pressure-type  refractometer  has  been  developed 
■  the  Shell  Development  Co.,  Emeryville,  Calif.,  for  indicating  the 
irity  of  products  flowing  through  a  processing  pipe  line. 


The  instrument  has  been  manufactured  and  marketed  by  the 
"ecision  Scientific  Co.,  and  is  used  by  Shell  in  the  production  of 
itadiene.  It  utilizes  the  measurement  of  the  physical  factor 
refractive  index  as  an  indication  of  purity. 


Leeds  &  Northrup  Portable  Universal  pH  Indicator  for  Measuring 
Grab  Samples  in  Laboratory  or  Plant 


Electric  Molecule  Sorter 

Production  of  high-octane  gasoline,  butadiene,  or  styrene  involves 
precise  critical  processes.  Westinghouse  Research  Laboratory,  East 
Pittsburgh,  Pa.,  has  developed  a  control  mechanism  that  thor¬ 
oughly  checks  operation  in  a  matter  of  minutes  and  requires  only  one 
or  two  technicians. 

The  mass  spectrometer  determines  both  qualitatively  and  quanti¬ 
tatively  the  constituents  of  a  gas.  It  uses  only  a  small  quantity  of  the 
gas  and  ionizes  it  by  impact  of  electrons  from  a  hot  filament  in  an 
evacuated  tube.  The  stream  of  charged  molecules  is  drawn  along  the 
tube  into  a  strong  magnetic  field,  where  it  is  bent  into  an  arc-shaped 
path.  The  heavier  the  ion,  the  larger  the  radius  of  curvature  of  its 
path.  As  a  result,  different  molecules  emerge  from  the  field  at  vari¬ 
ous  locations,  but  all  of  the  same  kind  leave  at  one  particular  spot. 
Different  charged  molecules  are  collected  successively  at  an  exit  slit 
into  a  current  that  can  be  amplified  and  measured. 

Built  for  use  in  refineries,  chemical  plants,  and  similar  locations  the 
mass  spectrometer  is  a  self-contained  tool.  No  power  supply  other 
than  110  volts,  60  cycles,  is  required.  The  instrument  is  extremely 
sensitive  and  can  measure  ion  beams  as  small  as  0.000000001  micro¬ 
ampere.  It  can  readily  detect,  for  example,  the  presence  of  one  part 
of  oxygen  in  10,000  parts  of  nitrogen. 


Resiliometer 

To  measure  resiliency  is  the  function  of  an  instrument  known  as  the 
Resiliometer,  manufactured  by  the  Precision  Scientific  Co.,  1736 
North  Springfield  Ave.,  Chicago,  Ill.  Resiliency  of  rubber  and  ex¬ 
tensible  plastic  compounds  is  indicated  by  the  rebound  of  a  weighted 
plunger  dropped  on  the  test  specimen  from  a  predetermined  height. 
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Laboratory  Combustion  Tube  Furnace 


The  CF-1,  a.  single-tube  furnace,  is  designed  for  carbon  ar 
sulfur  determinations  as  well  as  gravimetric  determination 
carbon  and  alloy  steels.  Temperatures  obtainable  for  continuoi 
operation  are  up  to  2500°  F.  while  for  occ 
sional  operations  temperatures  up  to  2650°  ( 
are  permissible.  High-temperature  Globi 
elements  are  easily  installed  or  remove 
without  total  dismantling  and  assembling  i 
the  unit. 

,  All  necessary  control  is  conveniently  locate 
on  face  of  furnace.  Temperature  regulatic 
is  provided  by  coarse  and  fine  adjustmei 
knobs  connected  to  a  built-in  variable-voltaj 
transformer.  An  ammeter  shows  the  prop* 
and  safe  current  required  for  the  Globi 
heating  elements,  while  temperature  is  b 
dicated  by  a  pyrometer  connected  to 
platinum  thermocouple.  A  knob  for  coi 
trolling  the  flow  of  oxygen  operates  a  need 
valve  connected  to  rubber  tubing  adapte 
located  at  both  ends  of  the  housing  for  pipii 
to  the  oxygen  supply. 


In  announcing  the  new  combustion  tube  furnace  for  the  lab¬ 
oratory,  Lindberg  Engineering  Co.,  Chicago,  Ill.,  calls  attention 
to  its  combined  utility  and  modern  streamlined  design. 


Laboratory  Combustion  Tube  Furnace 


New  Machines  for  Paint  Testing 


Two  new  machines  for  controlled  testing,  measurement,  and  evalu¬ 
ation  of  the  flexibility,  scratch  hardness,  and  adhesion  of  paints  and 
other  coatings,  have  been  announced  by  Kam  N.  Kathju,  technical 
director  of  The  Arco  Co.,  Cleveland,  Ohio.  The  machines  were  de¬ 
veloped  to  provide  for  accurate  measurement  of  the  basic  characteris¬ 
tics  and  progressive  deterioration  of  surface  films. 

Tests  and  measurements  of  flexibility  are  made  on  the  Elongauge, 
which  has  been  developed  around  a  conventional  Erichsen  sheet 
metal  testing  machine,  adapted  to  provide  complete  automatic  con¬ 
trols  and  accurate  measurements  for  cycle  testing.  The  machine  is 
mounted  with  its  observation  well  in  a  vertical  position,  so  that  water 


completed  by  the  presence  of  a  copper  needle  causes  a  current  to  floi 
This  deflects  the  galvanometer  which  signals  the  end  point  of  the  tes 
The  thrust  is  measured  in  0.01  mm.  and  is  converted  to  per  cent  < 
elongation  by  a  fix  ed  table. 

Scratch  hardness  and  adhesion  are  measured  by  the  Microknif 
a  diamond-point  cutting  tool  applied  to  the  surface  being  tested  by 
lever  arrangement  carrying  beam  and  weight.  The  load,  measure 
in  grams,  is  applied  to  the  point  which  moves  across  the  surface  at 
constant  speed  and  cuts  repeatedly  in  a  fixed  position  until  the  sul 
surface  is  revealed.  The  load  on  the  beam  and  the  number  of  stroki 
required  to  wear  through  the  film  are  the  measure  of  scratch  hardnes 


Elongauge 

from  a  hypodermic  syringe  is  in  contact  with  the  paint  film  being 
tested.  Two  wires,  one  attached  to  the  test  panel  and  the  other  to 
the  hypodermic  needle,  are  connected  to  a  galvanometer.  The  ma¬ 
chine  is  operated  by  a  constant-speed  drive  geared  to  thrust  a  3/i6-inch 
spindle  against  the  back  of  the  test  panel  which  is  clamped  between 
two  anvils.  The  paint  film  being  tested  acts  as  an  insulator.  When  it 
fails,  the  water  contacts  the  steel  test  panel  and  the  bimetal  condition 


Microknife 

Used  in  connection  with  a  movable  platform  which  can  be  adjust' 
laterally  by  a  precise  screw  thread  and  notched  wheel,  the  Microkni 
becomes  an  accurate  adhesion  measuring  machine.  A  standard  stre 
is  applied  at  progressively  smaller  spacings  until  it  is  sufficient  to  d 
place  the  coating  in  the  area  between  cuts.  It  is  possible  to  measu 
the  relative  adhesion  of  a  coating  to  base  metals  and  subcoatings, 
well  as  to  record  changes  in  adhesion  caused  by  aging  of  the  paint. 


FAC  Color  Standards  for 
Commercial  Fats 

Governmental  agencies  have  established  trading  grades  for  tallows 
id  greases  based  upon  FAC  colors.  Considerable  confusion  has 
Ken  caused,  since  the  FAC  color  set  as  originally  devised  was  not 
lised  on  colors  progressively  darker  as  the  number  of  the  tubes  in- 
■  ceased. 

American  Oil  Chemists’  Society  methods  define  the  set  as  follows: 


,  This  set  consists  of  26  color  standards,  numbered  with  odd  numbers 
om  1  to  45  and  divided  into  5  series.  Numbers  1  to  9,  inclusive, 
,r  light  colored  fats;  numbers  11,  11  A,  11B,  11C  for  very  yellow 
its;  numbers  13  to  19,  inclusive,  for  comparatively  dark  fats  of  a 
iddish  cast;  numbers  21  to  29,  inclusive,  for  fats  with  a  greenish 
ist;  numbers  31  to  45,  inclusive,  for  very  dark  fats. 

The  tube  numbering  was  done  arbitrarily  to  identify  the  tubes  on 
ie  basis  of  hue,  so  that  in  many  cases  a  tube  of  higher  number  is  not 
arker  but  distinctly  lighter  than  tubes  of  lower  number.  Obviously, 
nee  all  the  FAC  color  numbers  were  not  included  when  the  govern¬ 
mental  grades  were  established,  there  is  much  misunderstanding  as 
I  >  where  fats  of  various  FAC  readings  should  be  classified. 

The  Fat  Analysis  Committee,  a  joint  committee  of  the  American 
il  Chemists’  Society  and  the  Amebican  Chemical  Society,  and 
riginator  of  the  present  FAC  color  standards,  prescribes  the  follow- 
ig  interpretation  of  the  relationship  of  the  FAC  color  standards: 


Tube  Tubes  Listed  Below  Are  Equal  to  or  Lighter  than 

,,  No.  Corresponding  Tube  in  the  Left-Hand  Column 


1 

3 

I  5 

!  I 

ii 
11A 
11B 
11C 
1  13 


15 

17 

19 

21 

23 

25 


27 

29 


31 

33 

35 

37 


39 

41 

43 

45 


1,  3 
1,  3,  5 
1,  3,  5,  7 
1,  3,  5,  7,  9 

1,  3,  5,  7,  9,  11 

1,  3,  5,  7,  9,  11,  13,  11A 

1,  3,  5,  7,  9,  11,  13.  15,  11A,  11B 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  11A,  11B,  11C 

1,  3,  5,  7,  9,  11,  13,  11A 

1,  3,  5,  7,  9,  11,  13,  15,  11A,  11B 

1,  3,  5,  7,  9,  11,  13,  15,  17,  11A,  11B 

1,  3,  5,  7,  9.  11,  13,  15,  17,  19,  11A,  11B,  11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  31,  33,  11A,  11B,  11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  31,  33,  35,  11A,  11B,  11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  31,  33,  35,  37,  11A,  11B 
11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  31,  33,  35,  37,  39, 
11A,  11B,  11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  29,  31,  33,  35,  37, 
39,  41,  43,  11A,  11B,  11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  31,  11A,  11B,  11C 
1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  31,  33,  11A,  11B,  11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  31,  33,  35,  11A,  11B,  11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  31,  33,  35,  37,  11A,  11B, 
11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  31,  33,  35,  37,  39, 

ha,  iib,  lie 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  31,  33,  35,  37,  39, 
41,  11A,  11B,  11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25.  27,  29,  31,  33,  35,  37, 
39,  41,  43,  11A,  11B,  11C 

1,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  23,  25,  27,  29,  31,  33,  35,  37, 
39,  41,  43,  45,  11A,  11B,  11C 
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Laboratory  Reports  to  WPB 

*  Laboratories  carrying  on  essential  research  and  production  control 
ctivities,  and  which  have  been  assigned  serial  numbers  under  Order 
M3,  were  not  required  to  file  reports  on  Form  WPB-167  on  January 
and  will  not  have  to  file  quarterly  reports,  although  WPB  may  re- 
luire  reports  at  any  time  deemed  desirable.  The  change  in  require- 
nents  is  given  in  Direction  I  to  Order  P-43. 
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A  Short  Course  in  Quantitative  Analysis.  Hobart  H.  Willard,  N. 

Howell  Furman,  and  John  F.  Flagg.  IX  +  253  pp.,  28  figures, 

14  X  22  cm.  D.  Van  Nostrand  Co.,  New  York,  N.  Y.,  1943. 

Price,  $2.50. 

Advanced  Quantitative  Analysis.  Hobart  H.  Willard  and  Harvey 

Diehl.  XI  +  457  pp.,  40  figures,  14  X  22  cm.  D.  Van  Nostrand 

Co.,  New  York,  N.  Y.,  1943.  Price  $4.75. 

These  two  books  are  designed  for  two  distinct  purposes.  The  first 
has  been  written  for  the  one-semester  course  being  offered  in  many 
colleges  to  meet  the  needs  of  students  majoring  in  fields  other  than 
chemistry,  who  should  nevertheless  have  a  background  in  quantitative 
analysis  for  more  specialized  study  in  the  field  of  their  special  interest. 
The  second  is  meant  to  serve  as  a  textbook  for  advanced  courses 
given  to  those  taking  graduate  training  in  chemistry.  It  is  called  a 
companion  volume  to  “Elementary  Quantitative  Analysis”  by 
Willard  and  Furman  and  is  written  on  the  assumption  that  the  stu¬ 
dent  is  already  familiar  with  the  fundamental  theory  and  common 
operations  of  quantitative  analysis  as  found  in  that  volume.  There 
are  frequent  references  to  the  earlier  book.  Both  books  contain  many 
footnotes  referring  the  student  to  the  literature  of  analytical  chem¬ 
istry.  Both  are  essentially  texts  in  inorganic  quantitative  analysis, 
although  the  word  “inorganic”  does  not  appear  in  either  title. 

The  Short  Course  contains  three  chapters  (44  pages)  of  introduc¬ 
tory  matter,  eight  chapters  (118  pages)  on  volumetric  analysis,  and 
three  chapters  (57  pages)  on  gravimetric  analysis.  Volumetric 
analysis  precedes  gravimetric,  but  the  order  can  be  readily  reversed 
if  desired.  A  number  of  problems  are  given  at  the  end  of  each  chapter. 

The  introductory  chapters  contain  a  minimum  of  fundamental 
theory;  notes  on  common  operations  and  common  equipment; 
necessary  information  about  the  construction,  use,  and  care  of  the 
analytical  balance;  and  a  clear  and  concise  discussion  of  scientific 
measurements. 

The  section  on  volumetric  analysis  opens  with  a  short  discussion 
of  general  principles.  There  are  chapters  on  acidimetry  and  alka¬ 
limetry,  volumetric  precipitations,  and  oxidation-reduction.  Under 
the  last  heading  are  found  procedures  involving  the  use  of  ceric  sul¬ 
fate  as  well  as  permanganate,  dichromate,  and  iodine.  In  addition 
to  preparation  and  standardization  of  reagents,  the  exercises  include 
determination  of  Na20  in  Na2C03,  replaceable  hydrogen,  Kjeldahl 
nitrogen,  chloride,  iron,  calcium,  available  oxygen  in  pyrolusite 
available  chlorine  in  bleaching  powder,  copper,  and  arsenic.  In  some 
cases  more  than  one  procedure  is  given. 

The  student  is  introduced  to  gravimetric  analysis  by  a  discussion  of 
the  guiding  principles  of  analytical  precipitations,  washing  of  pre¬ 
cipitates,  drying  and  ignition  of  precipitates,  and  calculations.  The 
exercises  include  determination  of  chloride,  sulfate,  magnesium,  and 
phosphate  and  finally  the  “proximate  analysis”  of  limestone. 

The  exercises  are  well  chosen  and  are  ample  in  number  to  give  the 
instructor  freedom  of  selection.  The  principle  of  each  method  is 
clearly  outlined  before  the  actual  details  of  the  procedure  are  given. 
In  many  cases,  sources  of  error,  interfering  substances,  and  other 
applications  are  discussed  briefly.  In  the  effort  to  limit  the  scope  of 
the  book  and  design  it  for  those  not  majoring  in  chemistry  there  is 
perhaps  a  little  oversimplification.  In  general,  however,  the  authors 
have  produced  a  textbook  which  should  appeal  to  teachers  of  the 
short  course. 

Advanced  Quantitative  Analysis  may,  like  the  first,  be  conveni¬ 
ently  broken  into  three  sections.  Quoting  from  the  preface: 

The  first  third  of  the  book  is  devoted  to  a  discussion  of  the  general 
methods  of  chemical  analysis;  the  topics  are  taken  up  in  the  order  in 
which  they  are  met  in  the  course  of  an  analysis,  the  problems  of 
sampling,  the  methods  of  decomposing  and  dissolving  materials,  the- 
methods  of  concentrating  small  amounts  of  materials,  the  various 
methods  of  separating  the  elements,  and  so  on  through  to  the  methods 
of  reporting  the  results.  The  second  third  is  devoted  to  the  analysis 
of  iron  ore,  steel,  and  silicate  rock,  and  has  sections  devoted  to  the 
analytical  chemistry  of  each  of  the  elements  encountered.  Directions 


145 


146 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  16,  No. 


for  laboratory  work  accompany  this  portion.  The  last  third  is  a  dis¬ 
cussion  of  the  analytical  chemistry  of  each  of  the  elements  not  studied 
earlier;  the  common  and  most  of  the  rarer  elements  are  treated. 
The  order  in  which  the  elements  are  discussed  is  that  of  the  periodic 
table,  and  sufficient  information  is  given  to  supply  the  student  with 
the  basic  information  needed  for  solving  the  problems  involved  in 
the  analysis  of  complex  inorganic  mixtures. 

The  first  section  also  contains  information  on  use  and  care  of 
platinum,  use  of  perchloric  acid,  commoner  organic  precipitants, 
and  factors  to  be  considered  in  evaluating  a  proposed  method. 

In  the  second  third  of  the  book,  one  chapter  (III)  is  devoted  to  iron 
ore,  iron,  and  steel.  In  addition  to  iron  itself,  the  determination  of 
the  minor  constituents,  Al,  Ti,  Mn,  Si,  S,  P,  and  C,  is  discussed.  The 
analytical  chemistry  of  these  elements  is  well  presented,  and  in  most 
cases  alternate  procedures  for  their  determination  are  given.  In 
the  analysis  of  alloy  steels  the  discussion  is  limited  to  four  alloying 
elements,  W,  Mo,  Cr,  and  V,  and  their  chemistry  as  it  relates  to 
analysis  is  stressed.  The  last  chapter  refers  to  determination  of  the 
alkali  metals  and  to  the  prior  decomposition  of  insoluble  silicates. 

The  third  part  contains  a  discussion  of  the  elements  not  already 
considered,  arranged  according  to  the  periodic  table.  After  a  sum¬ 
mary  of  the  characteristics  of  the  group,  each  element  is  treated 
separately.  The  discussion  includes  notes  on  methods  of  separation 
and  gravimetric,  volumetric,  and  colorimetric  methods  of  determina¬ 
tion.  This  chapter  contains  two  excellent  tables,  the  first  summar¬ 
izing  the  principal  methods  for  the  separation  and  gravimetric  deter¬ 
mination  of  the  elements,  the  second  the  principal  reactions  useful  for 
volumetric  determinations.  The  text  concludes  with  some  notes  on 
the  determination  of  atomic  weights. 

The  book  is  somewhat  unusual  in  its  general  treatment  of  the  sub¬ 
ject.  It  contains  very  little  of  physico-chemical  theory  and  stresses 
instead  factual  chemistry  pertinent  to  the  analysis  of  the  elements. 
It  is  written  as  a  textbook  of  chemical  rather  than  physico-chemical  or 
instrumental  methods,  although  a  few  topics  in  the  latter  category 
(electrodeposition,  potentiometric  titrations,  and  colorimetry)  are 
included.  With  the  exception  of  the  part  on  iron  and  steel  and  sili¬ 
cates,  the  choice  of  laboratory  work  seems  to  be  left  largely  to  the 
instructor,  which  is  perhaps  as  it  should  be  in  a  book  designed  for 
graduate  courses.  The  student  is  expected  to  obtain  from  the  text  a 
knowledge  of  the  important  separations  of  a  given  element  from  inter¬ 
fering  elements,  of  the  forms  in  which  the  element  may  be  determined 
gravimetrieally,  and  the  equations  for  the  reactions  used  in  the  volu¬ 
metric  determination.  He  applies  his  knowledge  in  drawing  up  his 
own  scheme  for  the  quantitative  analysis  of  an  unknown  after  first 
making  a  careful  qualitative  analysis.  This  preview  of,  and  practice 
in,  the  approach  he  will  have  to  use  if  he  undertakes  industrial 
analysis  is  to  be  commended. 

Although  written  for  use  as  a  text,  the  book  should  also  be  a  useful 
addition  to  the  reference  shelf  of  the  analytical  chemist. 

R.  P.  Chapman 

A.S.T.M.  Standards  on  Paper  and  Paper  Products 

This  compact  booklet  includes  all  the  standards  of  the  American 
Society  for  Testing  Materials  on  paper  and  paper  products.  Three 
specifications  are  used  for  electrical  insulation,  one  is  for  waterproof 
paper  for  curing  concrete,  and  two  pertain  to  quicklime  for  paper 
manufacture.  Most  of  the  book  is  devoted  to  the  30  test  methods 
which  include  procedures  for  alkali  staining,  ash  content,  casein,  com¬ 
pression  testing,  folding  endurance,  grease  resistance,  moisture, 
opacity,  resistance  to  passage  of  air,  surface  wettability,  tearing  re¬ 
sistance,  thickness,  and  basis  weight.  In  much  of  its  work  Committee 
D-6  has  cooperated  closely  with  T.A.P.P.I. 

Copies  in  heavy  paper  cover  can  be  obtained  from  A.S.T.M.  Head¬ 
quarters,  260  South  Broad  St.,  Philadelphia  2,  Pa.,  at  $1.35  each. 

Volatile  Matter  in  Coal 

Following  a  study  requested  by  a  committee  of  the  American 
Society  for  Testing  Materials,  the  Bureau  of  Mines  has  published 
a  report  dealing  with  errors  of  analysis  in  the  determination  of 
volatile  matter  in  anthracite,  low-temperature  coke,  and  subbitu- 
minous  coal.  The  report,  prepared  by  W.  A.  Selvig,  states  that  the 
American  Society  for  Testing  Materials  permissible  differences  be¬ 
tween  duplicate  determinations  of  volatile  matter  by  the  same 
laboratory  on  the  same  sample  of  fuel  should  be  revised  to  permit 


0.3%  for  anthracite,  0.5%  for  low-temperature  coke,  and  0.7% 
subbituminous  coal.  It  would  be  advantageous  if  all  laborator 
adopted  for  all  fuels  the  10-ce.  platinum  crucibles  with  capsule-tj 
covers  and  employed  electrically  heated  vertical  tube  furnaces  sc 
as  are  used  in  the  laboratories  of  the  Bureau  of  Mines. 

A  copy  of  Report  of  Investigation  3739,  “Precision  of  the  Volati 
Matter  Determination  for  Anthracite,  Low-Temperature  Coke,  a 
Subbituminous  Coal”,  may  be  obtained  from  the  Bureau  of  Min 
Department  of  the  Interior,  Washington  25,  D.  C. 

Spectrographic  Steel  Standards 

The  National  Bureau  of  Standards  is  prepared  to  furnish  a  numl 
of  steels  in  rod  form  suitable  for  spectrographic  standards.  The 
standards  now  available  were  selected  for  checking  important  r< 
resentative  points  of  composition  among  several  types  of  carb 
and  low-alloy  steels.  The  values  of  concentrations  are  suffieien 
well  distributed  in  most  cases  to  provide  analytical  curves  for  Mn, 
Cu,  Ni,  Cr,  V,  and  Mo. 

The  standards  are  issued  in  two  sizes:  (1)  cylindrical  rod  7/3j  in 
in  diameter,  4  inches  long  (approximately  22  grams),  and  (2)  cyl 
drical  rod  0.5  inch  in  diameter,  2  inches  long  (approximately 
grams).  The  standards  are  numbered  in  consecutive  order  in  t- 
series,  the  first  beginning  with  401  for  the  1  /a  inch  rods  and  t 
second  beginning  with  801  for  the  0.5-inch  rods.  The  standards  m 
be  ordered  by  number  from  the  National  Bureau  of  Standards,  Was 
ington,  D.  C.,  at  $3.00  per  sample,  in  either  series,  irrespective  of  t 
number  of  samples  ordered. 

Anil  ine  Points  of  Hydrocarbons 

The  Bureau  of  Mines  has  published  a  comprehensive  report 
aniline  points  of  hydrocarbons,  one  of  the  yardsticks  for  determini 
the  quality  of  gasoline,  Diesel  oil,  lubricants,  and  other  produc 
Compiled  with  the  cooperation  of  the  University  of  Wyoming,  t 
report  summarizes  literature  on  aniline  points  of  pure  hydrocarbo 
with  82  references  to  the  original  publications  and  presents  a  meth 
for  correlation  of  aniline  points,  and  a  selection  of  the  best  value 
the  aniline  point  for  more  than  400  hydrocarbons. 

A  copy  of  Report  of  Investigation  3721,  “Aniline  Points  of  Hydi 
carbons”,  by  John  S.  Ball  may  be  obtained  from  the  Bureau  of  Mint 
Department  of  the  Interior,  Washington  25,  D.  C. 

Explosibility  of  Metal  Powders 

The  explosive  and  inflammable  characteristics  of  some  of  t 
metal  powders  now  widely  used  in  American  wartime  plants  have  be 
determined  by  Bureau  of  Mines  research  workers  in  a  move  to  assi 
industry  in  minimizing  or  preventing  accidents  and  to  assure  t 
uninterrupted  production  of  vital  materials.  Zirconium,  magr 
sium  and  magnesium  alloys,  aluminum,  and  titanium  powders  a 
described,  as  “the  most  inflammable”  of  the  53  metal  powder  sampl 
from  14  different  metals  and  two  alloys  studied. 

A  copy  of  Report  of  Investigation  3722,  “The  Inflammability  ai 
Explosibility  of  Metal  Powders”,  by  Irving  Hartmann,  John  Nag 
and  Hylton  R.  Brown,  may  be  obtained  by  writing  the  Bureau 
Mines,  Department  of  the  Interior,  Washington  25,  D.  C. 

Textbook  of  Quantitative  Inorganic  Analysis.  I.  M.  Kolthoff  ai 

E.  B.  Sandell.  Revised  edition.  794  pages.  Macmillan  C< 

New  York,  N.  Y.,  1943.  Price,  $4.50. 

The  subject  matter  and  organization  of  the  book  are  essential 
the  same  as  in  the  1936  edition,  but  changes  and  additions  have  be< 
made  to  bring  it  up  to  date.  Fuller  treatment  has  been  given  organ 
reagents,  spectrophotometry,  and  errors,  and  a  discussion  of  amper 
metric  titrations  has  been  introduced. 

Directory  of  Biological  Laboratories.  2nd  edition,  revised.  ! 

pages.  Burns  Compiling  &  Research  Organization,  200  Railw; 

Exchange  Bldg.,  Chicago,  Ill.,  1943.  Price,  $3.00. 

This  completely  revised  edition  identifies  and  lists  approximate 
800  laboratories  concerned  with  biological,  bacteriological,  or  bi 
chemical  investigations,  including  research  and  commercial  consultii 
laboratories  and  those  related  to  manufacturing  processes. 
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Analysis  of  the  Copper  Group  with  the  Aid  of  Electrolytic  Separations 
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best  supporting  electrolyte  for  the  simultaneous  polarographic 
ermination  of  copper,  bismuth,  lead,  and  cadmium  contains  0.4  M 
ium  tartrate,  0.1  M  sodium  hydrogen  tartrate,  and  not  more 
It  0.005%  gelatin  as  a  maximum  suppressor.  Concentrations  of 
itin  larger  than  0.03%  obliterate  the  bismuth  wave.  When  one 
nore  of  the  nobler  members  of  the  group  predominates  and  thus 
rferes  with  the  polarographic  determination  of  the  others,  the 
rfering  constituents  may  conveniently  be  removed  by  electrol- 

)NE  of  the  most  attractive  features  of  the  polarographic 
method  as  applied  to  metal  analysis  is  that  relatively  few 
sical  separations  are  necessary,  and  interferences  can  be 
linated  in  many  instances  simply  by  proper  choice  of  support- 
electrolyte  (£,  4).  However,  in  a  systematic  scheme  that 
/ides  for  the  detection  and  determination  of  a  dozen  or  more 

Ialhc  elements,  a  few  preliminary  group  separations  are  a 
itical  necessity;  otherwise  interferences  become  too  numerous 
ie  circumvented  simply  by  changing  supporting  electrolytes, 
is  fortunate  that  the  hydrogen  sulfide  and  ammonium  sulfide 
pips  of  the  classical  qualitative  analytical  scheme  happen  to  be 
Least  as,  or  more,  amenable  to  subsequent  polarographic 
lysis  than  any  other  two  combinations  of  the  metals  con- 
led,  and  separation  into  these  groups  will  be  employed  in  the 
ematic  polarographic  scheme  that  is  being  developed  in  this 
I  ratory.  Furthermore,  in  the  analysis  of  the  hydrogen  sulfide 
up  it  is  planned  to  follow  classical  procedure  through  one  more 
e  and  separate  the  sulfides  by  extraction  with  strongly  al¬ 
oe  sulfide  solution  into  a  copper  group  (copper,  bismuth, 

,  and  cadmium)  and  a  tin  group  (tin,  antimony,  and  mercury), 
■use  this  simple  separation  greatly  facilitates  subsequent 
rographic  determinations  and  creates  a  maximal  number  of 
prtunities  for  simultaneous  determinations, 
he  general  polarographic  characteristics  of  the  metals  of 
I  hydrogen  sulfide  group  in  various  supporting  electrolytes 
'  discussed  in  the  first  paper  of  this  series  (4),  which  also  de- 
lied  a  simplified  method  of  computing  concentrations  by  the 
of  previously  determined  diffusion  current  constants.  The 
snt  paper  presents  detailed  information  concerning  optimum 
itions  for  analysis  of  the  copper  group,  and  describes  an 
|  roly  tic  procedure  for  separating  interferingly  large  amounts 
ie  nobler  members  of  the  group  from  small  amounts  of  the 
lr  members  prior  to  the  determination  of  the  latter. 

ttlMUM  CONDITIONS  FOR  POLAROGRAPHIC  ANALYSIS  OF  THE 
COPPER  GROUP 

ie  general  characteristics  of  the  waves  of  copper,  bismuth, 

£  and  cadmium  in  a  number  of  supporting  electrolytes,  and 
►  technique  of  the  polarographic  measurements,  have  been 
Kissed  (4).  When  all  members  of  the  group  are  present  an 


ysis  with  a  mercury  cathode  at  a  carefully  controlled  potential,  and 
the  minor  baser  metals  are  then  determinable  in  the  residual  solu¬ 
tions.  A  mercury  cathode  is  uniquely  advantageous  for  electro¬ 
lytic  separations  because  the  optimum  values  of  the  cathode  potential 
may  be  deduced  reliably  from  the  known  polarographic  character¬ 
istics  of  the  metals  to  be  separated.  An  apparatus  and  technique 
for  performing  such  separations  are  described  in  detail,  and  the 
efficiency  of  the  method  is  illustrated  by  typical  examples. 

acidic  tartrate  solution  is  the  only  supporting  electrolyte  of  those 
investigated  in  which  their  half-wave  potentials  differ  sufficiently 
to  permit  their  simultaneous  determination.  The  use  of  a 
tartrate  supporting  electrolyte  for  the  simultaneous  determina¬ 
tion  of  copper,  bismuth,  lead,  and  cadmium  was  recommended 
originally  by  Suchy  (7),  who  published  polarograms  showing  well- 
separated  waves  of  these  metals  in  strongly  alkaline  as  well  as 
acidic  tartrate  media.  The  writer  has  never  been  able  to  dupli¬ 
cate  the  satisfactory  polarograms  from  alkaline  tartrate  media 
reported  by  Suchy.  According  to  the  author’s  experience 
(4)  copper  and  bismuth  do  not  produce  satisfactory  waves  in 
alkaline  tartrate  solutions  although  lead  and  cadmium  do,  and 
an  acidic  tartrate  medium  must  be  employed  for  the  simultaneous 
determination  of  all  members  of  this  group.  When  all  four 
metals  are  present  the  optimum  pH  range  of  the  tartrate  sup¬ 
porting  electrolyte  is  between  about  4  and  4.5. 

At  a  pH  equal  to  or  smaller  than  that  of  a  pure  sodium  hydro¬ 
gen  tartrate  solution  (ca.  3.6)  the  copper  and  bismuth  waves 
tend  to  coalesce,  and  in  solutions  of  pH  much  greater  than  about 
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Figure  1 .  Polarograms  of  Copper  Group  Metals  in  Tartrate  Media 
of  Various  pH 

Mixture  of  ca.  0.8  millimolar  copper,  bismuth,  lead,  and  cadmium,  in  tartrate  media 
of  various  pH  values.  Total  concentration  of  sodium  tartrate  and  sodium  hydrogen 
tartrate  was  0.5  M,  and  the  pH  values  were  (a)  5.5,  (6)  4.5,  (c)  4.1 ,  and  (d)  3.6. 
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5,  the  bismuth  wave  is  not  well  developed  when  gelatin  is  used 
as  a  maximum  suppressor.  These  facts  are  demonstrated  by 
the  series  of  polarograms  in  Figure  1. 

Curve  a  was  obtained  with  a  solution  that  contained  approxi¬ 
mately  0.8  millimolar  copper,  bismuth,  lead,  and  cadmium,  in 
0.5  M  sodium  tartrate  containing  0.02  M  sodium  hydrogen 
tartrate,  0.1  M  sodium  chloride,  and  0.005%  gelatin  as  a  max¬ 
imum  suppressor  (pH  5.5).  Curves  b,  c,  and  d  were  recorded 
after  successive  additions  of  a  standard  nitric  acid  solution,  so 
that  solution  b  contained  0.4  M  tartrate  ion  and  0.1  M  hydrogen 
tartrate  ion  (pH  about  4.5),  solution  c  contained  0.3  M  tartrate 
ion  and  0.2  M  hydrogen  tartrate  ion  (pH  about  4.1),  and  solution 
d  corresponded  to  0.5  M  sodium  hydrogen  tartrate  (pH  about 
3.6).  The  decrease  in  the  wave  heights  from  a  to  d  resulted 
from  the  dilution  produced  by  the  addition  of  the  nitric  acid, 
and  not  from  a  change  in  the  diffusion  current  constants. 

The  half-wave  potentials  and  other  characteristics  of  the 
copper,  lead,  and  cadmium  waves  are  not  altered  very  much  by 
changes  in  pH  between  about  3.6  and  6  in  these  tartrate  media, 
but  the  half-wave  potential  of  bismuth  undergoes  a  pronounced 
shift  to  a  more  positive  value  with  decreasing  pH.  The  half¬ 
wave  potential  of  bismuth  decreases  from  —0.31  volt  at  a  pH 
of  about  5.5  (curve  a)  to  — 0'.17  volt  at  a  pH  of  about  3.6  (curve 
d),  whereas  the  half-wave  potentials  of  the  other  metals  decrease 
by  only  about  0.03  volt-.  Consequently,  with  decreasing  pH 
below  about  5  the  bismuth  and  lead  waves  become  better  sepa¬ 
rated  but  the  copper  and  bismuth  waves  approach  coincidence. 
The  best  supporting  electrolyte  for  the  simultaneous  determina¬ 
tion  of  all  four  metals  when  they  are  present  at  about  equal 
concentrations  is  one  containing  about  0.4  M  tartrate  ion  and 
0.1  M  hydrogen  tartrate  ion,  corresponding  to  curve  b  in  Figure 
1.  In  this  supporting  electrolyte,  and  in  the  presence  of  0.005% 
gelatin  (see  below),  the  half-wave  potentials  of  copper,  bismuth, 
lead,  and  cadmium  are,  respectively,  —0.09,  —0.23,  —0.48,  and 
—0.64  volt  vs.  the  saturated  calomel  electrode,  and  their  diffusion 
current  constants  (4)  are  2.37,  3.12,  2.37,  and  2.34  microamperes 
per  millimole  per  liter  at  25°  for  6=  1.  These  latter 

values  may  conveniently  be  used,  instead  of  individual  calibra¬ 
tions  with  known  solutions  in  every  case,  to  compute  con¬ 
centrations  from  observed  diffusion  currents  ( 4 ). 

For  the  determination  of  a  small  amount  of  copper  in  the 
presence  of  a  very  large  amount  of  bismuth,  a  somewhat  larger 
ratio  of  tartrate  ion  to  hydrogen  tartrate  ion  than  4  to  1  is  prefer¬ 
able  (curve  a,  Figure  1). 

The  concentration  of  gelatin  used  as  a  maximum  suppressor 
has  a  very  marked  effect  on  the  properties  of  the  bismuth  wave, 
as  shown  in  Figure  2.  Without  gelatin  (curve  a)  the  bismuth 
wave  shows  a  sharp  maximum,  although  the  other  waves  are 
fairly  well  developed.  With  0.005%  gelatin  (curve  b)  all  four 
waves  are  well  defined,  but  with  0.01%  gelatin  the  bismuth  wave 
becomes  flattened  and  a  definite  diffusion  current  plateau  is  not 
observed  before  the  reduction  of  lead  begins  (curve  c).  With 
0.03%  gelatin  (curve  d)  the  bismuth  wave  is  obliterated  com¬ 
pletely,  and  the  diffusion  currents  of  lead  and  cadmium  are 
greatly  suppressed.  The  suppressive  effect  of  gelatin  on  the 
waves  of  other  metals  has  been  noted  before  (.2).  When  bis¬ 
muth  is  present  the  concentration  of  gelatin  should  not  exceed 
0.005%,  and  even  if  bismuth  is  absent  it  should  not  be  larger 
than  0.01%.  In  spite  of  this  one  undesirable  quality,  gelatin 
remains  one  of  the  best  and  most  generally  applicable  maximum 
suppressors  when  it  is  used  with  discretion. 

Moderate  concentrations  (up  to  about  0.2  M )  of  sodium 
nitrate  or  sodium  chloride,  which  may  accumulate  in  practical 
analyses,  have  no  appreciable  influence  on  the  properties  of  any 
of  the  waves  when  the  total  concentration  of  sodium  tartrate 
and  sodium  hydrogen  tartrate  is  0.5  M.  More  than  small 
amounts  of  potassium  salts  cannot  be  present  in  the  acidic 
tartrate  solutions  because  of  the  limited  solubility  (ca.  0.03  M 
in  pure  water)  of  potassium  hydrogen  tartrate. 

When  a  large — e.g.,  0.01  M — concentration  of  lead  is  added 


to  an  acidic  tartrate  solution  it  partly  precipitates,  apparen 
as  lead  hydrogen  tartrate.  From  measurements  of  the  diffus 
current  of  the  lead  in  equilibrated  solutions  the  solubility  of  i 
precipitate  was  found  to  be  1.77  X  10~3M  at  25°  C.  inasolut: 
containing  0.4  M  sodium  tartrate  and  0.1  M  sodium  hydros 
tartrate.  However,  the  precipitate  readily  forms  supersatura 
solutions  which  are  quite  stable,  and  it  is  possible  to  work  w 
concentrations  of  lead  up  to  about  5  millimolar  if  the  pola 
graphic  measurements  are  made  within  about  an  hour  after 
solutions  are  composited.  For  example,  in  one  instance  a  sc 
tion  containing  9.1  millimolar  lead  ion  was  stable  for  over 
hour  and  a  half  at  25°  C.  with  nitrogen  bubbling  through  it,  1 
when  precipitation  was  induced  by  seeding  and  scratching 
glass  wall  of  the  cell  it  proceeded  rapidly,  and  solubility  equil 
rium  was  attained  after  about  10  minutes. 

COMBINATION  OF  ELECTROLYTIC  SEPARATIONS  WITH 
POLAROGRAPHIC  ANALYSES 

It  is  evident  that  a  single  polarogram  from  an  acidic  tartr 
supporting  electrolyte  will  suffice  for  the  simultaneous  del 
mination  of  all  members  of  the  copper  group  when  they 
present  at  very  nearly  equal  concentrations,  but  in  act 
practice  such  an  ideal  situation  cannot  be  expected,  anc 
generally  applicable  systematic  scheme  of  analysis  must  prov 
for  those  instances  where  one  or  more  of  the  group  predomina 
and  thus  interferes  with  the  determination  of  the  others.  r 
predomination  of  a  less  noble  metal,  such  as  lead,  will  not  ini 
fere  with  the  determination  of  a  more  noble  metal,  such 
copper,  because  the  wave  of  the  latter  is  well  in  advance  of  t 
of  the  former,  and  traces  of  copper  can  be  determined  in 
presence  of  an  excess  of  bismuth,  lead,  or  cadmium.  In  gene 
when  the  concentrations  increase  in  the  order  copper,  bisnu 
lead,  cadmium,  a  complete  analysis  of  the  group  can  be  achie- 
by  simply  recording  four  polarograms  of  the  same  solut 
with  successively  smaller  galvanometer  sensitivities,  so  as 
magnify  in  turn  the  wave  of  each  constituent  to  a  value  wt 
will  allow  accurate  measurement.  In  the  opposite  case,  w 
the  concentrations  decrease  in  the  order  copper,  bismuth,  k 
cadmium,  the  larger  waves  of  the  nobler  metals  prevent 
curate  measurement,  or  in  extreme  cases  even  the  detect 
of  the  smaller  waves  of  the  baser  metals,  and  it  is  then  necess 
to  eliminate  the  waves  of  the  nobler  metals. 

There  are  three  possible  methods  that  might  be  used 
eliminate  the  interference  of  the  intrinsically  nobler  mel 
(1)  physical  separation  by  precipitation,  distillation,  extract 
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■r electrodeposition;  (2) 
hanging  the  supporting 
lectrolyte  so  that  the 
rder  of  the  waves  is  re- 
rersed  (usually  as  a  re- 
ult  of  complex  ion 
ormation);  and  (3) 
compensation”  of  the 
irge  diffusion  current  of 
he  nobler  metal  by  the 
pplication  of  a  control- 
tble  counter  e.m.f.  to 
le  recording  galvanom- 
ter,  so  that  the  sensi- 
vity  may  be  increased 
p  record  the  wave  of  the 
aser  minor  metal  ( 2 , 5). 

11  these  methods  have 
een  used,  although  only 
le  first  two  have  real 
ractical  utility.  The 
>mpensation  method  is 
-tractive  in  principle, 
at  has  only  limited 
•actical  application  be- 
tuse  large  galvanometer 
filiations  persist  when 
ie  nobler  diffusion  cur- 
nt  is  balanced  out; 
ch  oscillations  are  only 
irtly  eliminated  by 
condenser  damping” 

),  and  it  is  not  ad- 
sable  to  reduce  their 
agnitude  by  simply 
creasing  the  drop 
ne  to  a  small  value, 
mause,  as  will  be 

own  in  a  forthcoming  paper,  the  diffusion  current  deviates 
;mficantly  from  the  Ilkovifi  equation  when  the  drop  time  is  less 
an  about  one  second. 

Of  the  physical  methods  of  separation,  precipitation  methods 
ve  been  the  most  popular,  but  they  suffer  from  two  disad- 
ntages  which  in  certain  cases  are  serious.  In  the  first  place 
;s  of  the  minor  constituents  by  coprecipitation  is  an  ever- 
esent  hazard,  and  secondly  the  introduction  of  the  precipitat- 
;  reagents  frequently  complicates  the  analysis  of  the  solution 
naming. 

The  author  found  that  electrodeposition  at  controlled  cathode 
tential  constitutes  an  excellent  and  generally  applicable  means 


Figure  3.  Cell  for  Electrolytic 
Separations  at  Controlled  Potential 
with  a  Mercury  Cathode 


separating  metals  prior  to  polarographic  analysis.  The 
ctrogravimetric  separation  and  determination  of  metals  by 
strolled  potential  have  been  developed  to  a  high  degree  of 
ictical  utility,  chiefly  by  the  excellent  investigations  of  Sand 
d  his  collaborators  ( 6 ) ,  but  have  not  hitherto  been  applied  in 
injunction  with  polarographic  analysis. 

The  separation  of  metals  by  electrodeposition  is  not  without 
*r  jiVautage?'  ,^  rom  a  theoretical  viewpoint  the  objection  may 
u idly  be  raised  that  an  “absolutely  complete”  separation  can 
iver  be  attained,  chiefly  because  of  the  exponential  relation 
|  .ween  the  concentration  of  a  metal  ion  and  the  potential  of 
t;  cathode  on  which  it  is  depositing,  and  the  fact  that  the 
c  node  potential  must  necessarily  be  limited  to  prevent  the 
Imposition  of  baser  metals.  However,  this  objection  has  only 
idemic  interest  as  far  a,s  the  application  of  electroseparations 
polarographic  analysis  is  concerned,  because  complete  separa- 
n  is  not  required  and  it  is  only  necessary  to  reduce  the  con- 
itration  of  the  interfering  nobler  metal  to  a  value  commensu- 
e  with  that  of  the  baser  metal.  Electroseparations  also  re- 
re  special  apparatus,  which,  however,  is  simple  and  easily 
ulabie.  Ihese  slight  disadvantages  are  overshadowed  by  the 
t  that  once  the  apparatus  is  assembled  it  can  be  applied  to 
nero us  separations,  and  by  the  further  fact  that  separations 
achieved  rapidly  with  a  minimum  disturbance  of  the  com- 
ution  of  the  solution  and  without  introducing  extraneous 
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^  mercury  rather  than  a  solid  metal  cathode  has  been  used  in 
t  present  investigation  in  order  to  capitalize  on  the  fact  that 
fc  current-voltage  curves  that  are  obtained  polarographically 
>h  the  dropping  electrode  provide  all  the  information  that  is 
Q  ess  ary  about  the  potential  to  which  the  cathode  must  be 


controlled  to  affect  electroseparations,  and  thus  a  laborious, 
empirical  establishment  of  optimum  conditions  is  avoided. 
Although  mercury  cathodes  have  long  been  used  in  electro- 
gravimetric  analysis,  apparently  they  have  not  heretofore 
been  employed  in  determinations  or  separations  at  a  controlled 
cathode  potential,  since  no  reference  to  such  usage  is  to  be  found 
in  the  comprehensive  bibliography  (up  to  1936)  published  by 
Bottger  ( 1 ),  nor  in  Sand’s  monograph  (6)  published  in  1940. 

The  cell  used  is  shown  in  Figure  3.  It  has  a  capacity  of  about 
75  cc  and  is  provided  with  a  two-way  stopcock  in  the  bottom 
for  the  introduction  and  withdrawal  of  the  cathode  mercury 
from  the  reservoir,  and  for  withdrawing  the  solution  after  elec¬ 
trolysis.  The  mercury  pool  cathode  has  an  area  of  about  10 
sq.  cm.  and  the  mercury-solution  interface  (not  merely  the  solu- 
1S  kept  in  rapid  motion  by  the  propeller-type  glass  stirrer. 

The  necessity  of  providing  efficient  stirring  cannot  be  over- 
emphasized,  because  it  is  the  factor  which  is  chiefly  responsible 
for  the  rate  of  deposition  (current  density)  that  can  be  obtained 
at  a  controlled  potential.  The  stirring  must  be  effective  enough 
Poetically  to  eliminate  concentration  polarization  at  the  mercury 
cathode,  as  otherwise  the  current  density  is  more  or  less  con¬ 
trolled  by  diffusion  and  is  too  small  to  permit  separations  in  a 
reasonable  time.  It  is  not  sufficient  merely  to  stir  the  solu¬ 
tion  however  vigorously.  The  stirrer  should  be  placed  so  that 
its  blades  are  partly  immersed  in  the  mercury  as  shown  in 
Figure  3,  and  the  rate  of  stirring  adjusted  so  that  the  interface 
is  set  in  rapid  circular  motion  without  being  so  violent  that 
drops  of  mercury  are  thrown  about.  The  stirrer  blades  should 
be  propeller-shaped,  and  so  inclined  that  they  impel  downward 
rather  than  upward.  Under  these  conditions  of  stirring  the 
surface  of  the  mercury  undergoes  vigorous  but  smooth  churning 
and  the  entire  pool  revolves. 

The  cathode  mercury  or  amalgam  can  be  used  repeatedly, 
provided  that  the  metals  previously  deposited  in  it  are  more 
noble  than  the  metal  being  separated — for  example,  mercury 
which  contains  copper  can  be  used  subsequently  for  the  separa¬ 
tion  of  bismuth,  or  if  it  contains  copper  and  bismuth  it  may  be 
used  later  in  the  separation  of  lead.  Conversely,  the  mercury 
cannot  be  re-used  when  it  contains  a  metal  that  is  less  noble 
than  the  metal  being  separated.  For  instance,  mercury  which 
has  previously  been  used  to  separate  bismuth  or  lead  cannot 
later  be  used  to  separate  copper,  because  at  the  relatively  positive 
potential  at  which  copper  is  deposited  (  —  0.15  to  —0.17  volt) 
the  bismuth  or  lead  undergoes  anodic  dissolution  and  con¬ 
taminates  the  solution  (see  Figures  1  and  2).  To  avoid  the  use 
of  excessive  quantities  of  mercury  and  its  frequent  purification, 
it  is  convenient  to  keep  the  used  mercury  separated  in  three 
lots:  one  containing  only  dissolved  copper  and  used  only  for 
copper  separations,  the  second  containing  only  copper  and  bis¬ 
muth  for  copper  and  bismuth  separations,  and  the  third  con¬ 
taining  copper,  bismuth,  and  lead.  By  keeping  these  three 
portions  of  mercury  in  contact  with  solutions  of  mercurous 
nitrate  in  dilute  nitric  acid  the  concentration  of  dissolved  metals 
is  kept  small,  and  the  dilute  amalgams  can  be  re-used  indefinitely. 

The  cell  was  provided  at  first  with  a  platinum  anode,  but 
this  proved  unsatisfactory  for  separations  of  copper  from  bis¬ 
muth  in  an  acidic  tartrate  medium  because  the  bismuth  was 
partially  oxidized  at  the  anode  (probably  to  BbCb)  and  precip¬ 
itated.  Attempts  were  made  to  prevent  the  oxidation  of  bis¬ 
muth  by  adding  small  concentrations  (0.05  M)  of  hydrazine 
sulfate  or  hydroxylamine  hydrochloride  to  the  solutions  as 
anodic  depolarizers,  but,  although  oxidation  of  bismuth  was 
thus  eliminated,  polarograms  of  the  solutions  after  electrolysis 
showed  spurious  waves  that  interfered  with  the  waves  of  the 
metals.  A  platinum  anode  is  also  undesirable  because  it 
introduces  hydrogen  ion  into  the  solution  and  decreases  its  pH. 
These  difficulties  were  finally  circumvented  by  the  use  of  a  silver 
anode.  This  consists  of  No.  18  silver  wire  wrapped  as  a  tight 
cylinder  (area  ca.  10  sq.  cm.)  around  the  stirrer  shaft  and  spiraled 
up  the  shaft  to  the  motor  chuck,  where  it  is  held  in  place  by  a 
wrapping  of  copper  wire.  Electrical  connection  is  completed 
by  dipping  the  copper  leading-in  wire  into  a  mercury  pool  in 
the  top  of  the  motor  shaft.  The  bottom  of  the  anode  should 
be  about  2  cm.  above  the  stirrer  blades  to  prevent  it  from  short- 
circuiting  the  mercury  cathode  when  the  latter  is  stirred. 

The  solution  to  be  electrolyzed  is  provided  with  a  moderate 
concentration  of  chloride  ion  (0.1  to  0.2  M),  so  that  the  anode 
functions  .as  a  silver-silver  chloride  electrode,  whose  working 
potential  is  about  1  volt  less  positive  than  that  of  a  platinum 
(oxygen)  anode.  Oxidation  of  bismuth  and  alteration  of  the 
pH  of  the  solution  are  thus  avoided,  and  the  only  effect  of  the 
anode  reaction  is  the  removal  of  chloride  ion  from  the  solution 
in  amount  equivalent  to  that  of  the  metal  deposited  in  the 
cathode. 
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Silver  chloride  is  insoluble  in  an  acidic  tartrate  medium 
and  it  deposits  on  the  anode  as  an  adherent  coat.  This  coat¬ 
ing  reduces  the  effective  area  of’  the  anode  and  increases  the 
cell  resistance  (indicated  by  the  necessity  of  increasing  the  total 
applied  e.m.f.  to  maintain  a  constant  cathode  potential  as 
electrolysis  proceeds),  and  hence  it  is  advisable  to  remove  it 
after  each  experiment  by  electrolytic  reduction  from  a  dilute 
sulfuric  acid  solution  in  conjunction  with  a  platinum  anode. 


Figure  4.  Electrical  Circuit  for  Elec¬ 
trolytic  Separations  at  Controlled  Cathode 
Potential 

A,  ammeter  (0  to  0.5  ampere).  V,  voltmeter 
G,  galvanometer  (0.01  microampere  per  mm.) 

S.C.E.,  saturated  calomel  reference  electrode 

The  potential  of  the  mercury  cathode  is  measured  continuously 
against  a  saturated  calomel  reference  electrode  during  electrolysis, 
and  controlled  by  changing  the  total  e.m.f.  applied  to  the  cell. 

The  salt  bridge  side  arm  from  the  calomel  electrode  is  filled 
with  a  3%  agar  gel  saturated  with  potassium  chloride,  and  its 
tip  is  constricted  slightly  to  hold  the  gel  in  place.  The  tip  of 
the  bridge  must  be  placed  within  about  1  mm.  from  the  mercury 
cathode  when  the  mercury  is  at  rest  (see  Figure  3),  so  that 
the  amount  of  ohmic  potential  drop  that  is  necessarily  included 
in  the  observed  cathode  potential  will  be  negligible.  The  most 
satisfactory  results  are  obtained  when  the  tip  is  so  adjusted 
that  it  actually  becomes  immersed  slightly  and  trails  in  the 
mercury-solution  interface  when  the  stirrer  is  in  motion,  but 
it  must  not  dip  so  deeply  into  the  mercury  that  electrolytic  con¬ 
tact  with  the  solution  is  lost.  Proper  location  of  the  tip  can 
be  tested  by  placing  a  dilute  copper  amalgam  in  the  cell  in  con¬ 
tact  with  a  copper  solution,  and,  w’ith  the  polarizing  e.m.f. 
disconnected,  comparing  the  observed  cathode  potential  with  and 
without  stirring;  the  two  readings  should  agree  to  0.01  volt. 

The  electrical  circuit  is  diagrammed  in  Figure  4.  The  e.m.f. 
applied  to  the  cell  is  regulated  by  a  single  10-ohm  radio-type 
potentiometer-rheostat  (General  Radio  Company,  Type  333-A) 
and  it  is  read  on  the  voltmeter  (0  to  6  volts).  The  voltmeter  is  ^ 

a  convenience  rather  than  a  necessity.  A  0  to  0.5-ampere  = 

ammeter,  graduated  to  0.01  ampere,  is  used  to  measure  the 
current.  5 

The  potential  of  the  cathode  vs.  the  saturated  calomel  reference  5 
electrode  may  be  measured  with  a  potentiometer,  but  it  is  much 
more  convenient  and  amply  accurate  to  measure  it  with  a  high- 
resistance  voltmeter  as  recommended  by  Lassieur  (3)  and  Sand 
(6).  The  author  employed  an  improvised  high-resistance 
voltmeter  assembled  from  a  critically  damped  Leeds  &  North- 
rup  box-type  galvanometer  in  series  with  a  0  to  5-megohm  ad¬ 
justable  resistance.  The  galvanometer  had  a  sensitivity  of 
0.01  microampere  per  mm.,  and  thus  the  series  resistance  was 
about  1  megohm  when  it  was  adjusted  to  produce  a  full-scale 
(100-mm.)  deflection  with  an  impressed  e.m.f.  of  1  volt.  The 
resistance  of  the  instrument  is  so  much  larger  than  that  through 
the  salt  bridge  (ca.  700  ohms)  that  the  error  due  to  iR  drop 
through  the  latter  is  only  about  0.07%  and  hence  negligible. 

Since  the  resistance  of  this  voltmeter  is  so  large  it  can  be  cali¬ 


brated  directly  against  a  Weston  standard  cell  (through 
tapping  key)  without  damaging  the  latter.  The  instrume 
was  calibrated  to  read  from  0  to  1  volt,  and  the  readings  we 
precise  and  accurate  to  ±0.01  volt. 

Incidentally,  the  Sargent-Heyrovsky  polarograph  can 
used  as  a  high-resistance  voltmeter  and  thus  made  to  ser 
a  dual  purpose.  The  instrument  is  set  at  maximum  galvanomet 
sensitivity  (ca.  0.003  microampere  per  mm.)  and  provided  wi 
an  external  resistance  of  about  3  megohms  wrhich  is  adjust 
so  that  100  mm.  on  the  scale  corresponds  to  1  volt. 

Gelatin  must  not  be  present  during  an  electrolytic  separatii 
with  the  mercury  cathode,  because,  as  a  result  of  its  adsorptii 
on  the  mercury  surface,  it  causes  the  stirred  mercury  to  dispei 
into  droplets  and  erratic  current  readings  result.  The  curre 
density  at  a  given  value  of  the  cathode  potential  was  decreas' 
considerably  by  even  0.01%  of  gelatin. 

Care  must  be  observed  in  discontinuing  the  electrolysis 
prevent  resolution  of  the  deposited  metal  from  the  cathoc 
With  the  circuit  still  closed  the  mercury  reservoir  is  lower 
to  drain  the  mercury  from  the  cell,  while  the  cathode  potenti 
is  maintained  constant  at  the  value  used  during  the  depositio 
When  the  mercury  recedes  to  a  point  just  above  the  stopco 
the  latter  is  turned  through  180 0  C.  to  drain  the  last  bit  of  mercu 
from  the  cell  quickly.  The  loss  of  some  solution  during  tl 
last  operation  is  of  no  consequence,  because  the  subsequent  pok 
ographic  analysis  determines  concentrations  rather  than  a 
solute  amounts  of  the  metal  ions  remaining;  the  absolu 
amounts  are  computed  from  the  concentrations  and  the  vol 
metric  stoichiometry  involved  in  preparing  the  solutions  f 
electrolysis. 

Not  the  least  of  the  advantages  of  electrolysis  at  a  controll 
potential  is  the  fact  that  the  current  reading  is  a  reliable  criterii 
of  the  progress  of  the  separation.  In  all  the  cases  investigat 
the  current  finally  dropped  to  less  than  10  milliamperes  fro 
initial  values  ranging  from  100  to  500  milliamperes,  depend! 
on  the  original  concentration  of  the  metal  ion  being  deposit 
(compare  Figure  6).  Little  is  gained  by  continuing  the  ek 
trolysis  longer  than  5  or  10  minutes  after  the  current  decreas 
to  10  milliamperes  or  less. 

In  the  separations  and  polarographic  determinations  describ 
below’,  the  supporting  electrolyte  consisted  of  0.4  M  sodic 
tartrate  plus  0.1  M  sodium  hydrogen  tartrate  plus  0.1  M  sodii 
chloride  (occasionally  also  0.1  M  sodium  nitrate) ,  and  it  is  referr 
to  simply  as  the  “standard  acidic  tartrate  supporting  electrolytf 
Electrolytic  separations  were  performed  at  ambient  room  te: 
perature  in  the  presence  of  air,  but  the  polarographic  analys 
wrere  carried  out  at  25°  C.  after  air  wTas  removed  from  the  solutic 
with  nitrogen. 

Separation  of  Copper.  Maximum  rapidity  of  electroly 
separation  of  twro  metal  ions  requires  that  the  potential  of  ( 
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Figure  5.  Analysis  of  Copper  Group  with  Copper  Predominate 

Original  solution  contained,  respectively,  100,  2.52,  2.00,  and  2.32  millim* 
copper,  bismuth,  lead,  and  cadmium,  and  polarograms  were  obtained  at  25°C.  with  > 
standard  acidic  tartrate  supporting  electrolyte  of  pH  4.5  containing  0.005%  gelr  ■ 
(a)  1  to  20  dilution  of  original  solution,  with  galvanometer  sensitivity  0.340  mi'  - 
ampere  per  mm.  (6)  Residual  solution  from  electrolysis  of  a  1  to  5  dilution  of  M 
original  solution  with  potential  of  mercury  cathode  between  —0.13  and  —  Ci| 
volt  vs.  S.C.E.  Galvanometer  sensitivity  0.0680  microampere  per  mm.  (c)  C  -j 
parison  solution  containing  same  concentrations  of  bismuth,  lead,  and  cadmium  W 
were  present  before  electrolysis  in  solution  b.  Galvanometer  sensitivity  0.0  ) 
microampere  per  mm.  Each  curve  starts  at  0  volt,  and  each  voltage  mark  correspc* 
to  an  increment  of  0.1  5  volt. 
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lercury  cathode  be  maintained  at  a  value  sufficiently  negative 
b  yield  the  diffusion  current  of  the  first,  but,  to  avoid  codeposi- 
on,  the  potential  must  be  more  positive  than  that  at  which 
iduction  of  the  second  metal  ion  begins.  Polarograms  of 
ilutions  of  copper  and  bismuth  in  the  standard  acidic  tartrate 
ipporting  electrolyte  indicate  that  the  optimum  potential 
inge  for  the  separation  of  copper  from  bismuth  should  be  from 
•0.12  to  —0.16  volt  vs.  the  saturated  calomel  electrode,  and 
lis  has  been  confirmed  experimentally. 

A  typical  experiment  in  which  a  large  amount  of  copper  was 
parated  from  small  amounts  of  bismuth,  lead,  and  cadmium 
demonstrated  by  the  polarograms  in  Figure  5.  A  stock 
lution,  simulating  the  sort  of  solution  that  would  result  from 
ie  solution  of  the  copper  group  sulfides  in  nitric  acid,  was 
•epared  containing,  respectively,  100,  2.52,  2.00,  and  2.32  mil- 
nolar  copper,  bismuth,  lead,  and  cadmium,  as  the  nitrates 
0.5  M  nitric  acid.  Curve  a  in  Figure  5  is  a  polarogram  of  a 
'20  dilution  of  the  stock  solution  in  the  standard  acidic  tatrtate 
ipporting  electrolyte.  The  waves  of  bismuth,  lead,  and 
dmium  are  scarcely  detectable  in  the  presence  of  the  40-fold 
':cess  of  copper. 

Fifty  cubic  centimeters  of  a  1/5  dilution  of  the  stock  solu- 
)n — i.e.,  0.02  M  in  respect  to  copper — in  the  standard  acidic 
rtrate  solution  were  subjected  to  electrolytic  separation  as 
scribed  above  with  the  potential  of  the  mercury  cathode  main- 
ined  between  —0.13  and  —0.16  volt.  The  current-time  curve 
r  this  separation  is  shown  in  Figure  6,  and  is  typical  of  all 
ose  obtained  in  other  cases.  Following  an  initial  rapid  de¬ 
ease  during  the  first  3  minutes,  during  which  a  steady  state 
1  electrolysis  was  established,  the  current  remained  constant 
•  to  about  10  minutes,  and  then  decreased  rapidly  and  finally 
adually  approached  zero.  The  solution  became  colorless  after 
minutes  and  the  electrolysis  was  stopped  after  40  minutes — 
.,  10  minutes  after  the  current  had  fallen  below  10  mil- 
.mperes.  A  20-cc.  sample  of  the  residual  solution  was  treated 
th  0.5  cc.  of  a  0.2%  gelatin  solution,  and  its  polarogram  was 
corded  as  curve  b  in  Figure  5.  The  galvanometer  sensitivity 
r  curve  b  is  approximately  five  times  greater  than  that  for 
rve  a,  and  the  original  concentrations  of  the  metal  ions  were 
ir  times  as  great. 


Figure  6.  Typical  Current-Time  Curve 

■  Obtained  during  electrolysis  of  an  acidic  tartrate  solution  of  pH  4.5  containing 
20  nnHimolar  copper,  0.50  millimolar  bismuth,  0.40  millimolar  lead,  and  0.465 
mllimolar  cadmium.  Potential  of  mercury  cathode  between  —0.13  and 
—  0.16  volt  as.  S.C.E. 

rn  addition  to  the  well-defined  waves  of  bismuth,  lead,  and 
Imium,  a  small  wave  due  to  residual  copper  is  present  in  the 
arogram  of  the  solution  after  electrolysis  (curve  b  in  Figure 
This  small  wave  corresponds  to  only  0.09  millimolar  copper 
npared  to  20  millimolar  before  electrolysis.  In  other  words, 
electrolytic  separation  was  99.5%  effective,  which  is  satis- 
tory,  considering  the  fact  that  the  half-wave  potentials  of 
•per  and  bismuth  differ  by  only  0.20  volt.  Obviously  the 
all  amount  of  residual  copper  does  not  interfere  with  the  waves 
»ffie  other  metals. 

To  establish  the  fact  that  the  other  metals,  particularly  bis- 
■th,  were  not  codeposited  with  the  copper  during  the  elec- 
lytic  separation,  a  comparison  solution  was  prepared  in  the 
adard  acidic  tartrate  medium  containing  the  same  concentra- 
iis  of  bismuth,  lead,  and  cadmium — i.e.,  0.504,  0.400,  and  0.464 
•lunolar— as  were  present  originally  in  the  solution  before 
litrolysis.  The  polarogram  of  a  20-cc.  sample  of  this  com- 


Figure  7.  Analysis  of  Copper  Group  with  Bismuth  Predominating 
(a)  Original  solution  containing  1.04  millimolar  copper,  10.07  millimolar  bismuth, 
0.400  millimolar  lead,  and  0.465  millimolar  cadmium,  in  acidic  tartrate  supporting 
electrolyte  of  pH  4.5  containing  0.005%  gelatin.  Galvanometer  sensitivity 
1.70  microamperes  per  mm.  (6)  Polarogram  of  solution  a  repeated  with  gal¬ 
vanometer  sensitivity  0.0680  microampere  per  mm.  (c)  Solution  remaining  after 
electrolysis  of  solution  a  with  potential  of  mercury  cathode  between  —0.35  and 
—0.40  volt  vs.  S.C.E.  Galvanometer  sensitivity  0.0680  microampere  per  mm. 
(a)  Comparison  solution  containing  same  concentrations  of  lead  and  cadmium  as  in 
solution  a.  Galvanometer  sensitivity  0.0680  microampere  per  mm. 

parison  solution  plus  0.5  cc.  of  0.2%  gelatin  is  shown  as  curve  c 
in  Figure  5.  A  comparison  of  the  waves  of  bismuth,  lead,  and 
cadmium,  in  curves  b  and  c  shows  that  no  appreciable  amounts 
of  these  metals  were  codeposited  with  the  copper.  It  is  evident 
that  successful  results  could  be  obtained  with  a  larger  proportion 
of  copper  to  bismuth,  lead,  and  cadmium  than  in  this  experi¬ 
ment,  and  it  should  be  possible  to  determine  considerably 
less  than  1  mole  %  of  any  of  the  three  other  metals  in  copper 
and  its  compounds. 

When,  in  the  separation  of  copper  from  bismuth,  the  cathode 
potential  is  allowed  to  exceed  —0.16  volt,  bismuth  is  codeposited 
to  an  extent  dependent  on  how  greatly  this  limiting  potential 
is  exceeded.  For  example,  in  another  experiment  identical 
with  the  above  in  all  respects  except  that  the  cathode  potential 
was  maintained  at  —0.18  volt,  14%  of  the  bismuth  was  lost. 

In  the  separation  of  copper  from  lead  the  cathode  potential 
may  be  as  large  as  —0.40  volt,  which  permits  a  larger  current 
and  correspondingly  shorter  time  of  electrolysis  (for  a  given 
amount  of  copper)  than  in  the  separation  from  bismuth.  Con¬ 
ditions  are  even  more  favorable  in  the  separation  of  copper 
from  cadmium. 

At  a  given  value  of  the  cathode  potential  the  initial  current 
is  approximately  proportional  to  the  concentration  of  the  metal 
ion  being  deposited,  and  consequently  the  time  required  for  a 
complete  electrolysis  is  roughly  the  same  regardless  of  the  con¬ 
centration.  For  example,  the  separation  of  copper  at  a  cathode 
potential  of  —0.16  volt  required  30  to  40  minutes  when  the 
concentration  of  copper  ranged  from  a  few  millimolar  up  to 
0.05  M. 

Separation  of  Bismuth.  The  analysis  of  the  copper  group 
when  bismuth  predominates  is  exemplified  by  the  polarograms 
in  Figure  7. 

A  stock  solution  was  prepared  containing  1.04  millimolar 
copper,  10.07  millimolar  bismuth,  0.400  millimolar  lead,  and 
0.465  millimolar  cadmium,  in  the  standard  acidic  tartrate  sup¬ 
porting  electrolyte.  Curve  a  in  Figure  7  is  a  polarogram  of  a 
20-cc.  sample  of  this  solution  to  which  0.5  cc.  of  0.2%  gelatin 
was  added.  The  copper  wave  is  clearly  discernible  before  the 
large  bismuth  wave,  but  the  lead  and  cadmium  waves  are  barely 
detectable.  The  wave  of  this  relatively  very  large  concentra¬ 
tion  of  bismuth  shows  a  small  rounded  maximum,  and  hence 
it  would  have  been  better  practice  to  dilute  the  solution  five- 
or  tenfold  before  recording  its  polarogram.  In  order  to  magnify 
the  copper  wave  for  accurate  measurement,  the  galvanometer 
sensitivity  was  increased  by  a  factor  of  25  and  curve  b  was 
recorded. 
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Figure  8.  Analysis  of  Copper  Group  with  Lead  Predominating 

Original  solution  contained  5.05  millimolar  copper,  2.52  millimolar  bismuth,  50.3 
millimolar  lead,  and  2.32  millimolar  cadmium.  Polarograms  obtained  at  25°  C.  from 
acidic  tartrate  supporting  electrolyte  of  pH  4.5  containing  0.005%  gelatin  (a)  1  to 
20  dilution  of  original  solution,  with  galvanometer  sensitivity  0.170  microampere  per 
mm.  (6)  Polarogram  of  solution  a  repeated  with  galvanometer  sensitivity  increased 
to  0.0340  microampere  per  mm.  (c)  Solution  remaining  after  electrolyzing  a  1  to 
5  dilution  of  the  original  solution,  with  potential  of  mercury  cathode  between  — 0.54 
and  —0.56  volt  vs.  S.C.E.  Galvanometer  sensitivity  0.0340  microampere  per  mm. 
(</)  Comparison  solution  containing  same  concentration  of  cadmium  as  solution  c 
before  electrolysis.  Galvanometer  sensitivity  0.0340  microampere  per  mm. 


A  50-cc.  sample  of  the  original  solution  was  electrolyzed  as 
described  previously  to  remove  the  copper  and  bismuth.  The 
electrolysis  was  started  with  the  potential  of  the  mercury  cathode 
at  —0.35  volt,  and  was  gradually  allowed  to  increase  to  —0.40 
volt  and  then  held  constant  at  this  value  until  the  electrolysis 
was  complete  (compare  polarograms  of  bismuth  and  lead). 
The  electrolysis  was  continued  for  40  minutes,  during  which 
time  the  current  dropped  from  an  initial  value  of  150  to  3  mil- 
liamperes.  A  20-cc.  sample  of  the  residual  solution  was  then 
treated  with  0.5  cc.  of  0.2%  gelatin,  and  curve  c  in  Figure  7 
was  recorded  at  a  relatively  great  galvanometer  sensitivity.  Only 
a  trace  (0.02  millimolar)  of  bismuth  remained  in  the  solution, 
and  the  separation  was  99.8%  complete. 

Curve  d  (Figure  7)  is  the  polarogram  of  a  comparison  solution 
containing  the  same  concentrations  of  lead  and  cadmium  (0.400 
and  0.465  millimolar)  as  were  present  in  the  original  solution. 
By  comparing  curves  c  and  d  it  is  evident  that  no  detectable 
amounts  of  lead  or  cadmium  were  lost  during  the  deposition  of 
the  copper  and  bismuth. 

The  separation  of  bismuth  from  lead  and  cadmium  is  so 
complete  that  it  should  be  possible  to  determine  a  few  tenths 
of  a  per  cent  of  the  latter  metals  in  bismuth  and  its  compounds. 

Separation  op  Lead.  A  typical  example  of  the  analysis  of 
the  copper  group  with  lead  predominating  is  furnished  by  the 
polarograms  of  Figure  8. 

A  stock  solution  was  prepared  containing  5.05  millimolar 
copper,  2.52  millimolar  bismuth,  50.3  millimolar  lead,  and  2.32 
millimolar  cadmium  in  0.5  N  nitric  acid.  A  1/20  dilution  of 
this  solution  was  prepared  in  the  standard  acidic  tartrate  medium, 
a  20-cc.  sample  was  treated  with  0.5  cc.  of  0.2%  gelatin,  and 
polarograms  a  and  b  of  Figure  8  were  recorded.  Curve  a  at 
the  lower  galvanometer  sensitivity  shows  the  waves  of  all  four 
metals  distinctly.  Curve  b  was  recorded  at  an  increased  gal¬ 
vanometer  sensitivity  to  magnify  the  waves  of  copper  and  bis¬ 
muth  to  measurable  magnitudes. 

A  50-cc.  sample  of  a  1/5  dilution  of  the  stock  solution  in 
the  acidic  tartrate  supporting  electrolyte  was  prepared  and 
electrolyzed  to  remove  copper,  bismuth,  and  lead.  When 
this  solution  was  prepared  a  considerable  proportion  of  the 
lead  slowly  precipitated  as  coarse  crystals  of  lead  hydrogen 
tartrate.  The  precipitate  caused  no  trouble  and  gradually 
dissolved  as  electrolysis  proceeded.  The  potential  of  the 
mercury  cathode  was  maintained  between  —0.54  and  —0.56 
volt,  the  optimum  values  indicated  by  the  polarograms  of  lead 
and  cadmium.  The  initial  current  was  100  milliamperes,  it 
decreased  to  8  milliamperes  after  28  minutes,  and  the  electrolysis 
was  discontinued  after  35  minutes.  A  20-cc.  sample  of  the 
residual  solution  was  treated  with  0.5  cc.  of  0.2%  gelatin,  and 
curve  c  of  Figure  8  was  recorded.  This  polarogram  shows  that 
the  residual  solution  contained  a  small  amount  of  lead  (0.24 
millimolar),  but  since  its  wave  is  smaller  than  that  of  the  cad¬ 


mium  it  does  not  interfere  with  the  measurement  of  the  latter. 
By  continuing  the  electrolysis  for  a  somewhat  longer  time  a  more 
complete  separation  could  doubtless  be  obtained,  but  this  will 
be  necessary  only  when  the  concentration  of  cadmium  is  very 
small. 

Curve  d  in  Figure  8  is  a  comparison  solution  containing  the 
same  concentration  of  cadmium  (0.465  millimolar)  as  in  the 
original  solution,  and  by  comparing  this  curve  with  curve  l 
it  is  evident  that  no  cadmium  was  lost  during  the  deposition  ol 
the  lead. 

CONCLUDING  REMARKS 

In  the  application  of  the  foregoing  methods  it  is  most  convent 
ent  if  the  size  of  sample  taken  for  analysis  corresponds  to  not  les.: 
than  about  5  mg.  nor  more  than  about  500  mg.  of  any  membei 
of  the  copper  group  in  a  final  volume  of  100  cc. 

Standard  procedures  may  be  used  to  prepare  a  solution  of  thf 
sample,  to  remove  silver  and  mercurous  ions  as  the  chlorides 
to  precipitate  the  hydrogen  sulfide  group,  and  to  separate  thi 
copper  and  tin  groups.  The  procedures  described  by  Swift  ( 8 
are  particularly  suitable  for  these  preliminary  separations. 

The  washed  copper  group  sulfides  are  dissolved  in  dilute  nitri* 
acid,  and,  after  boiling  to  remove  hydrogen  sulfide  and  oxide 
of  nitrogen,  the  solution  is  diluted  to  a  known  volume — e.g. 
100  cc.  An  aliquot  portion  of  this  “copper  group  solution' 
is  then  made  up  to  a  known  volume  in  the  standard  acidic  tartrat 
medium  with  0.005%  gelatin  (after  either  partial  neutralizatio: 
or  addition  of  dilute  nitric  acid  as  required  to  provide  a  ratio  c 
tartrate  to  hydrogen  tartrate  ion  of  4  to  1) .  Polarograms  of  thi 
solution  are  then  recorded,  and  from  those  waves  that  are  c 
measurable  height  the  corresponding  concentrations  are  con 
puted  with  the  aid  of  the  known  diffusion  current  constants  a 
already  described  (4). 

Those  electrolytic  separations  dictated  by  the  first  polarograi 
are  then  carried  out  and  the  residual  solutions  are  analyze 
as  described  above.  It  is  most  convenient  to  use  separal 
aliquot  portions  of  the  original  copper  group  solution  in  the  acid 
tartrate  supporting  electrolyte  for  these  separations.  It  is  als 
advisable  to  perform  separations  of  the  nobler  constituents,  an 
polarographically  test  for  the  baser  metals  in  the  residual  soli 
tions,  even  though  waves  of  the  latter  were  not  observed  c 
the  original  polarogram,  because  traces  of  a  baser  metal  ms 
be  completely  masked  by  large  amounts  of  a  nobler  met 
(see  Figure  5).  Furthermore,  such  separations  should  be  pe 
formed  one  at  a  time.  For  example,  an  original  polarogra 
might  show  large  copper  and  lead  waves  but  no  detectab 
bismuth  wave  if  only  a  very  small  amount  of  bismuth  we 
present.  In  such  a  case  the  cathode  potential  during  the  separ 
tion  should  not  be  more  negative  than  —0.16  volt,  so  th 
only  copper  will  be  removed  and  any  bismuth  can  be  detect 
and  determined  from  the  polarogram  of  the  residual  solution. 

The  combination  of  electrolytic  separations  with  polar 
graphic  analysis  is  obviously  capable  of  general  applicati 
in  a  systematic  scheme  of  metal  analysis,  and  it  should  pro 
useful  for  various  special  alloy  analyses.  Further  examp] 
of  the  utility  of  the  method  will  be  described  in  forthcomi 
papers. 
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Determination  of  Sulfur  Dioxide  in  Dehydrated  Foods 

A.  N.  PRATER,  C.  M.  JOHNSON,  and  M.  F.  POOL 
Western  Regional  Research  Laboratory,  Albany,  Calif. 

G.  MACKINNEY 

Division  of  Fruit  Products,  University  of  California,  Berkeley,  Calif. 

Details  are  presented  of  a  rapid  direct  titration  method  for  determining  sulfur  dioxide  in  dehydrated 
foods.  The  reliability  of  the  method  has  been  established  by  recovery  of  added  sulfur  dioxide  and 
by  comparison  with  distillation  and  polarographic  methods. 


ASA  control  measure  in  the  application  of  sulfite  solutions 
^  \  to  vegetables  intended  for  dehydration,  a  simple  method 
)r  determining  the  sulfur  dioxide  content  has  become  necessary, 
he  method  proposed  here  has  been  designed  for  inspection 
ad  field  work  with  a  minimum  of  equipment  but  is  also  well 
Iapted  to  laboratory  research.  It  has  been  compared  with 
-her  chemical  methods  and  also  the  polarographic  method. 

The  methods  of  Monier- Williams  (10),  an  official  A.O.A.C. 
tethod,  and  of  Nichols  and  Reed  (11)  involve  distillation  of  the 
ilfur  dioxide  into  neutral  hydrogen  peroxide  or  standard  iodine 
ilution.  Simultaneously  with  the  publication  of  the  Monier- 
filliams  report,  there  appeared  a  series  of  reports  on  the  de- 
rmination  of  sulfur  dioxide  by  a  British  committee  and  other 
intributors  (2).  The  committee  method,  which  includes  rapid 
stillation  of  the  sulfur  dioxide  into  an  iodine  solution,  is  of 
nited  application.  The  Nichols  and  Reed  method,  employing 
dine,  has  been  widely  used  in  California  on  dried  fruits. 

The  distillation  methods  are  time-consuming  and  not  well 
Iapted  to  field  work.  In  addition,  with  cabbage,  onions,  and 
!her  vegetables  having  a  high  volatile-sulfur  content,  ab- 
'irmally  high  values  are  obtained  on  the  unsulfited  controls 
|hen  the  distillate  is  absorbed  in  iodine. 

To  eliminate  many  of  the  objectionable  features  of  the  de¬ 
lation  methods,  direct  titration  of  an  aqueous  extract  either 
'!th  or  without  preliminary  clarification  has  been  proposed, 
deration  of  bound  sulfur  dioxide  by  alkaline  treatment  forms 
■e  basis  of  the  method,  first  described  by  Ripper  (12).  One 
Uy  use  the  double  titration  technique  in  which  one  sample  is 
?  rated  for  total  reducing  substances  and  the  other  is  treated 
i  remove  sulfur  dioxide  from  the  reaction.  It  can  be  oxidized 
i  sulfate,  or  removed  by  formation  of  an  addition  complex, 
he  latter  method  is  preferable,  in  the  authors’  opinion,  because 
Isre  is  less  possibility  of  drastic  change  in  the  other  constituents 
i  the  food,  and  the  two  titrations  differ  only  with  respect  to 
(e  component — sulfur  dioxide. 

Two  recent  papers,  one  by  Iokhel’son  and  Nevstrueva  (3) 
id  another  by  Bennett  and  Donovan  (1),  describe  direct  titra- 
tn  methods.  In  the  former  the  dehydrated  food  material  is 
tated  with  alkali  solution  to  liberate  the  “bound”  sulfur 
oxide;  the  extract  is  clarified  and  then  titrated  with  iodine  to 
3  Id  the  total  reducing  substances.  A  similar  sample  is  treated 
vh  formaldehyde  to  react  with  the  sulfur  dioxide  present. 
Lration  of  this  sample  yields  reducing  substances  other  than 
sfur  dioxide,  which  is  then  calculated  from  the  difference 
tween  the  two  titrations.  This  method,  involving  clarifica- 
tn,  is  time-consuming.  The  Bennett  and  Donovan  procedure 
vis  developed  for  citrus  juices  which  are  used  directly  without 
fraction  or  clarification,  and  acetone  is  used  instead  of  form- 
Behyde.  Unfortunately,  data  on  proper  conditions  for  wider 
flalicability  of  the  method  are  not  included. 

The  method  described  here  is  an  adaptation  of  these  direct 
t  ation  procedures.  The  specific  optimum  conditions  have 
i'n  determined  for  each  step  of  the  analysis.  For  convenience, 

’3  modified  Bennett-Donovan  procedure  is  referred  to  as  the 
dsct  titration  method. 

PREPARATION  OF  SAMPLE 

Considerable  care  must  be  used  in  preparing  the  sample.  A 
r  resentative  sample  must  be  ground  or  subdivided  into  suffi¬ 


ciently  fine  particles  so  that  the  solutions  used  will  leach  out  all 
the  sulfur  dioxide.  In  the  distillation  methods  the  boiling 
process  effectively  disintegrates  the  tissue,  even  though  rela¬ 
tively  large  pieces  are  placed  in  the  still.  The  direct  titration 
methods  depend  upon  leaching  action  without  heating  and  re¬ 
quire  the  sample  to  be  finely  subdivided  before  analysis.  Prefer¬ 
ably  a  mill  such  as  the  Wiley  mill  with  a  2-mm.  screen  should  be 
used,  in  which  the  sample  is  ground  until  practically  all  has 
passed  through  the  2-mm.  screen.  A  food  grinder  designed  for 
preparing  vegetable  purees  can  be  used,  provided  certain  con¬ 
ditions  as  to  load  and  time  of  grinding  are  adhered  to,  so  that 
practically  all  the  material  passes  a  10-mesh  screen  and  at 
least  60%  passes  a  20-mesh  screen.  For  the  samples  reported 
in  this  paper  adequate  subdivision  was  obtained  by  1.5  minutes 
of  grinding  at  high  speed  with  a  30-gram  charge  of  dehydrated 
shredded  cabbage  or  a  100-gram  charge  of  dehydrated  diced 
carrots  or  potatoes.  If  large  pieces  of  material  are  left  un¬ 
ground,  low  results  are  obtained  in  the  assay. 

Dried  fruits  have  physical  characteristics  different  from  those 
of  dried  vegetables  and  must  be  handled  differently.  By  pass¬ 
age  through  a  kitchen  food  chopper,  followed  by  soaking  and 
grinding  in  a  food  blender,  it  is  possible  to  prepare  uniform, 
finely  divided  suspensions  of  dried  fruits  for  analysis.  The 
presence  of  any  lumpy  material  not  finely  divided  will  generally 
yield  low  analytical  results. 

ALKALINE  LIBERATION  OF  BOUND  SULFUR  DIOXIDE 

For  each  assay  an  8-gram  sample  of  the  ground  dehydrated 
material  was  suspended  in  400  ml.  of  water,  5  ml.  of  5  N  sodium 
hydroxide  were  added,  and  the  mixture  was  allowed  to  stand 
for  20  minutes.  The  amount  of  alkali  needed  is  not  critical 
in  itself,  but  must  be  accurately  measured.  The  quantity 
indicated  gives  a  mixture  sufficiently  alkaline  to  release  the 
bound  sulfur  dioxide,  while  four  times  as  much  yields  the  same 
result.  The  length  of  time  necessary  to  liberate  the  sulfur 
dioxide  was  determined  by  comparing  results  over  periods  up 
to  60  minutes  (Table  I).  No  significant  variation  in  sulfur 
dioxide  liberation  was  found  after  10  minutes  up  to  60  minutes. 
Twenty  minutes  was  chosen  as  a  convenient  time. 


Table  I.  Effect  of  Time  of  Alkali  Treatment  on  Liberation  of  Sulfur 

Dioxide 


Length  of  Alkali 

Sulfur  Dioxide 

Treatment 

Cabbage 

Carrots 

Potatoes 

Min. 

P.p.m. 

P.p.m. 

P.p.m . 

0  (no  alkali 

2020 

1880 

1410 

treatment) 

1 

2520 

2060 

5 

2860 

2260 

I960 

10 

3020 

2380 

2100* 

20 

3060 

2400 

2040 

30 

3060 

40 

3060 

2400 

2020 

50 

3040 

60 

3120 

2400 

2040 

FORMATION  OF  ACETONE-SULFUR  DIOXIDE  COMPLEX 

The  effects  of  pH,  acetone  concentration,  and  reaction  time 
on  the  formation  of  the  complex  were  determined. 

To  study  the  effect  of  pH  on  the  formation  and  stability  of 
the  complex,  8-gram  samples  in  400  ml.  of  water  were  treated 
with  alkali  for  20  minutes,  acidified  to  different  pH  levels,  treated! 
with  40  ml.  of  acetone,  allowed  to  stand  10  minutes,  and  titrated 
with  0.05  N  iodine  solution.  Minimum  iodine  titers  represent 
reducing  substances  other  than  sulfur  dioxide  and  indicate 
maximum  binding  of  the  sulfur  dioxide.  Table  II  shows  that, 
maximum  binding  occurs  in  cabbage  and  carrots  between  pEL 
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Table  II. 

Effect  of  pH 

on  Stability  of  Acetone  Complex 

0.05  .V  Iodine  Required 

pH 

Dehydrated 

cabbage 

Ml. 

Dehydrated 

carrots 

Ml. 

Dehydrated 

potatoes 

Ml. 

1.0 

1.5 

2.0 

2.6 

3.0 

3.5 

4.0 

5.0 

6.0 

5.20 

4.40 

4.00 

4.20 

4.20 

4.45 

4.50 

5.20 

8.40 

1.50 

0.90 

0.90 

0.90 

1.00 

1.00 

3.10 

4.00 

0.60 

0.40 

0.40 

0.40 

1.60 

7.00 

9  qtiH  whereas  in  potatoes  the  range  is  extended  to  pH  4. 
!o“ife  gSTeXpplicability,  the  range  of  pH  2  to  3  was  chosen. 


Kolthoff  and  Furman  (4,  7)  observe  that  the  addition  com¬ 
pound  is  unstable  in  strongly  acid  solution,  and  state  that  the 
optimal  pH  for  addition  is  about  that  of  a  bisulfite  solution— 
that  is,  4.0.  Their  discussion  is  concerned  with  the  determina¬ 
tion  of  aldehyde  or  ketone  in  the  presence  of  excess  sulfite, 
whereas  the  reverse  is  the  present  objective.  Experimentally, 
with  the  foods  tested,  a  pH  range  from  2  to  3  was  found  most 
suitable.  This  range  offers  the  additional  advantage  of  a  good 
end  point;  the  starch-iodine  end  point  is  less  satisfactory  with 

an  excess  of  acetone  at  pH  4.  .  . 

The  same  pH  range  was  found  to  be  optimum  for  analysis  ot 

dried  fruits.  It  is  necessary,  therefore,  to  maintain  this  pH 
during  the  acetone  treatment  and  titration.  A  similar  range  is 

desirable  for  the  formaldehyde  complex. 

To  determine  the  amount  of  acid  required  to  neutralize  the 
alkaline  digestion  mixture  and  yield  a  pH  in  the  proper  range, 
buffer  curves  were  drawn  in  which  pH  was  plotted  for  the  mixture 
to  which  successive  increments  of  5  N  acid  were  added.  De¬ 
hydrated  cabbage,  carrots,  and  potatoes  all  gave  the  same  curve 
as  might  be  anticipated  under  these  conditions,  and  required 
7.5  ml.  of  5  N  hydrochloric  acid.  Dehydrated  apples,  apricots, 
and  peaches  gave  a  curve  slightly  different  from  that  obtained 
with  vegetables  and  required  only  6  ml.  of  the  5  N  acid.  The 
amount  of  acid  required  to  bring  the  alkaline  digestion  mixture 
to  the  pH  range  of  2  to  3  should  be  determined  for  each  com¬ 
modity.  Because  the  optimum  pH  range  is  in  a  region  where 
the  pH  is  affected  considerably  by  added  acid,  it  is  necessary 
to  measure  the  alkali  and  acid  accurately  with  pipets  or  dis¬ 
pensing  burets  rather  than  with  graduated  cylinders. 

Concentrations  of  acetone  up  to  33%  by  volume  have  been 
recommended  for  binding  the  sulfur  dioxide  (1,8).  In  high  con¬ 
centration,  acetone  interferes  with  the  development  of  the  color 
of  the  starch-iodine  end  point.  By  varying  the  amount  of  ace¬ 
tone  used,  it  has  been  found  that  quantitative  binding  of  the 
sulfur  dioxide  occurs  under  the  conditions  of  the  analysis  at 
concentrations  of  acetone  of  10%  by  volume  or  even  slightly 
less.  With  10%  acetone  present,  satisfactory  end  points  can 
be  obtained,  provided  sufficient  starch  is  added. 

In  the  pH  range  indicated,  the  reaction  between  the  acetone 
and  the  sulfur  dioxide  is  complete  in  approximately  5  minutes. 
Standing  for  longer  periods,  up  to  2  hours,  was  without  further 
effect.  For  convenience  of  operation  when  several  samples  were 
being  run,  a  10-minute  interval  was  adopted. 

Many  substances  will  react  with  sulfur  dioxide  to  form  stable 
complexes.  Formaldehyde  does  not  interfere  with  the  color 
at  the  starch  end  point  and  yields  satisfactory  results  vith  some 
commodities.  In  some  cases  the  end  point  is  easier  to  follow 
with  formaldehyde  than  with  acetone.  However,  formaldehyde 
consistently  yields  results  5  to  10%  higher  with  cabbage  than 

does  acetone.  .  ,  . 

As  noted  by  Kolthoff  and  Furman  (4,  7)  the  analysis  hinges 

upon  two  factors:  the  dissociation  constants,  K,  of  the  salts  of 
the  bound  sulfurous  acid  and  the  speed  of  establishment 


of  equilibrium.  The  K  for  the  formaldehyde  comple: 
is  theoretically  preferable  (1.2  X  10~7  at  25°  C.,  compared  wit! 
4  X  10“ 3  for  acetone). 

The  working  conditions  are  in  the  range  10" 3  M  for  bisulfite 
and  M  for  acetone.  It  is  thus  possible  to  calculate  that  a  titra 
tion  error  caused  by  incomplete  binding  is  of  the  order  of  0.4% 
However,  as  the  titration  approaches  completion,  the  equi 
librium  has  been  destroyed,  and  differences  in  the  speed  of  th 
reverse  reaction  may  be  responsible  for  the  divergences  betwee 
acetone  and  formaldehyde.  This  would  imply  that  the  form 
aldehyde  value  would  be  more  nearly  correct,  but  this  in  tur 
would  suggest  an  error  in  the  Monier-Williams  value.  Th 
reasoning  is  not  entirely  satisfactory  because  the  divergence  j 
not  uniform  for  all  commodities  but  is  most  pronounced  v>  it 
cabbage.  Glyoxal,  which  is  now  commercially  available  in  a  3 
to  40%  solution,  may  prove  satisfactory,  although  the  detai 
have  not  been  worked  out. 

Because  of  acetone  interference  at  the  starch  end  point,  oth< 
indicators  were  tried.  Methylene  blue  was  found  satisfactoi 
but  no  better  than  the  starch  as  finally  used.  By  using  a  laq 
amount  of  starch,  10  ml.  of  1%  solution  per  titration,  and 
minimum  amount  of  acetone,  about  10%  by  volume,  it  we 
possible  to  obtain  satisfactory  end  points. 


Table  III.  Replicate  Analyses  of  Samples 

Dehydrated 

Samples 

P.p.m.  SO2 

Average 

Cabbage  A 
Cabbage  B 
Cabbage  C 
Cabbage  D 
Cabbage  E 
Carrots  A 
Carrots  B 
Potatoes  A 
Potatoes  B 

413,  433,  352,  413,  372 

1180, 1180, 1260, 1260, 1260, 1240 

1340, 1360, 1320, 1240, 1280 

3060, 3060, 3060,  3040,3120 

3320, 3260, 3360, 3280, 3340 

2380, 2400, 2400, 2400,  2400 

2320, 2240, 2240, 2220, 2300 

165,  155,  145,  155,  175 

2085, 2015, 2170, 2000, 2085 

397 

1230 

1308 

3068 

3312 

2396 

2264 

159 

2071 

ANALYTICAL  PROCEDURE 


The  determination  is  best  carried  out  in  a  600-ml.  tall-fo; 
beaker  with  the  aid  of  a  slow-speed  stirrer  carrying  a  prope 
with  broad  blades  having  a  steep  pitch.  With  this  type  of  st 
rer  thorough  mixing  is  obtained  without  beating  air  into  t 
mixture  If  a  stirrer  is  not  available  the  determination  c 
be  carried  out  in  a  1-liter  Erlenmeyer  flask  or  even  a  qu; 
fruit  j  ar,  which  is  shaken  during  the  analysis . 

Two  8-gram  samples  (±10  mg.)  of  the  dehydrated  prodi 
are  transferred  to  the  titration  vessels;  400  ml.  of  water  a 
5  ml  of  5  N  sodium  hydroxide  are  added  to  each  and  the  m 
tures  are  stirred.  After  20  minutes  the  mixtures  are  acidii 
with  5  N  hydrochloric  acid — 7.5  ml.  for  cabbage,  carrots, 
potatoes,  or  6  ml.  for  dried  apricots,  apples,  or  peaches, 
one  of  the  samples  40  ml.  of  acetone  are  added,  while  the  otl 
sample  is  titrated  at  once  with  0.05  N  iodine  solution  using 
ml  of  1%  soluble-starch  solution.  It  is  important  that 
acidified  sample  be  titrated  at  once  before  recombination  occi 
The  end  point  is  reached  when,  with  vigorous  stirring  or  sk 
ing  a  blue  color  flashes  throughout  the  entire  mixture  £ 
persists  for  a  few  seconds.  The  acetone-treated  mixture 
tif  mt.prf  similarlv  after  standing  for  10  minutes. 


The  end  points  in  the  titrations  are  fleeting.  In  the  samp 
containing  acetone  this  is  particularly  true  because  the  comp 
continuously  yields  a  small  amount  of  sulfur  dioxide  by  < 
sociation.  When  no  acetone  is  present,  the  end  point  is  m 
persistent  but  even  then  it  is  not  permanent.  With  these 
called  flash  end  points,  quantitative  results  can  be  obtain 
However,  in  cases  where  the  available  equipment  will  not  gr 
the  sample  fine  enough,  it  is  possible  arbitrarily  to  standan 
the  method  against  the  Monier-Williams  method  by  chooE 
a  more  permanent  end  point  for  the  titration  cariied  out  in 

absence  of  acetone.  , 

Reagent  blanks  must  be  determined  by  a  similar  set  of  ti 
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Table  IV. 

SO: 

Originally 

Recovery  of  Sulfur  Dioxide  Added  to  Dehydrated 
Sulfited  Cabbage  and  Carrot  Suspension 

SO: 

Found  SO: 

Present, 

SO: 

(Total), 

Recovered, 

A 

Added 

B 

B  -  A 

Recovery 

Mg. 

Mg. 

Mg. 

Cabbage 

Mg. 

% 

10.33 

19.21 

26.82 

16.49 

85.8 

10.33 

19.21 

27.04 

16.71 

87.0 

10.33 

19.21 

27.26 

16.93 

88.1 
Av.  87.0 

10.33 

37.80 

45.10 

34.77 

92.0 

10.33 

37.80 

45.30 

34.97 

92.5 

Av.  92.2 

10.33 

75.15 

80.05 

69.72 

92.8 

10.33 

75.15 

80.40 

Carrots 

70.07 

93.3 
Av  93.0 

18.02 

19.91 

37.30 

19.28 

96.8 

18.14 

19.93 

37.46 

19.32 

96.8 

18.14 

19.93 

37.15 

19.01 

95.4 
Av.  96.3 

18.02 

39.95 

56.50 

38.48 

96.3 

18.02 

39.95 

56.40 

38.38 

96.0 

18.14 

38.75 

56.05 

37.91 

97.8 
Av.  96.7 

18.02 

78.30 

95.28 

77.26 

98.7 

18.02 

78.30 

94.90 

76.88 

98.2 

18.14 

77.15 

94.00 

75.86 

98.4 
Av.  98.4 

ons  without  food  material  and  subtracted  from  the  correspond- 
■g  titration  values.  The  difference  between  the  two  corrected 
ters  multiplied  by  200  yields  sulfur  dioxide  in  parts  per  million. 
For  material  with  a  high  starch  content,  such  as  potatoes, 
;,ie  titration  is  continued  until  the  mixture  has  developed  a 
|5ep  blue  color.  During  the  titration  some  iodine  is  adsorbed 
j  i  the  small  solid  potato  particles,  causing  them  to  be  blue- 
ack.  This  is  removed  slowly  and  represents  only  a  very  small 
.  nount  of  the  total  iodine  used.  It  does,  however,  impart  a 
ray  cast  to  the  mixture  which  is  not  to  be  mistaken  for  the  true 
id  point.  By  addition  of  iodine  until  a  deep  blue  color  is 
l  ached,  correct  and  consistent  values  are  obtained. 
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The  reproducibility  of  results  with  the  proposed  method  was 
lecked  by  repeated  assays  of  sulfited  dehydrated  cabbage, 
rrot,  and  potato  samples  (Table  III)  .  Accuracy  was  checked 
>th  by  recovery  of  added  sulfur  dioxide  and  by  comparison 
ith  other  methods.  In  addition  to  the  methods  of  Monier- 
iiliams  and  Nichols  and  Reed,  which  were  used  for  com- 
irison,  check  determinations  were  carried  out  with  the  aid  of  the 

topping  mercury  electrode  (5,  6). 

To  determine  the  recovery  of  added  sulfur  dioxide,  standard 
lounts  of  sodium  metabisulfite  solution  were  added  to  sus- 
nsions  of  dehydrated  sulfited  cabbage  and  carrots.  These 
tuples  were  analyzed  before  and  after  the  addition  of  the 
Mlfite  solution.  Very  erratic  results  were  obtained  under  these 
•  nditions,  the  deviations  being  considerably  greater  than  those 


•  countered  in  actual  analytical  practice.  Plant  material 
pains  compounds  that  exert  a  protective  action  and  inhibit 
rfe  destruction  of  sulfur  dioxide  by  oxidation  or  other  reactions. 
Jmples  of  sulfured  commodities  ready  for  analysis  contain  the  sul- 
Ir  dioxide  in  a  form  which  is  protected  and  not  readilysusceptible 
|  loss  in  handling;  in  samples  to  which  sulfite  solutions  have 
’t"  been  added  the  sulfur  dioxide  is  stabilized  only  after  an 
preciable  lapse  of  time.  It  was  found  that  the  addition  of 
l%  of  sodium  pyrophosphate  decahydrate  to  the  sodium  meta- 
’Ulfite  solution  led  to  consistent  recovery  data.  The  literature 
the  inhibitors  of  sulfur  dioxide  destruction,  other  than  sodium 

I  rophosphate,  has  been  reviewed  by  Monier-Williams  ( 10 )  and 

*  Mitchell,  Pitman,  and  Nichols  (9). 


Table  IV  lists  the  data  obtained  on  the  recovery  of  sodium 
metabisulfite  solution  stabilized  with  sodium  pyrophosphate 
when  added  to  dehydrated  cabbage  and  carrots.  In  each 
case,  an  8-gram  sample  was  taken  and  the  regular  analysis 
performed  except  that  the  indicated  amounts  of  metabisulfite 
solution  were  added  to  400  ml.  of  suspension  before  addition  of 
alkali. 

The  data  in  Table  IV  show  fair  recovery  in  cabbage  and  good 
recovery  in  carrots.  Even  though  these  commodities  were  both 
sulfured  before  dehydration  and  contained  appreciable  sulfur 
dioxide,  in  the  case  of  cabbage  there  was  a  consistent  loss  of 
added  sulfur  dioxide.  This  loss  probably  would  not  appear 
during  routine  analysis  of  samples  which  have  been  dehydrated 
after  sulfuring,  because  the  loss  would  have  occurred  during  the 
processing. 

Representative  data  comparing  the  direct  titration  method 
with  the  distillation  methods  for  several  commodities  are  given 
in  Table  V. 


Figure  1.  Measurements  with  Dropping  Mercury  Electrode 
Supporting  electrolyte:  (1)  0.1  N  hydrochloric  acid;  (2)  plus  0.243  mg.  of 
SO:  per  50  ml.;  (3)  plus  0.486  mg.  of  SO:  per  50  ml.;  (4)  plus  0.972  mg.  of 
SO:  per  50  ml.;  (5)  plus  1.944  mg.  of  SO:  per  50  ml. 


Table  V.  Comparison  of  Methods  of  Sulfur  Dioxide  Analysis 


Commodity 


Dehydrated  cabbage  A,  not  sulfited 
Dehydrated  cabbage  B,  sulfited 
Dehydrated  cabbage  C,  sulfited 
Dehydrated  cabbage  D,  sulfited 
Dehydrated  carrots  A,  not  sulfited 
Dehydrated  carrots  B,  sulfited 
Dehydrated  carrots  C,  sulfited 
Dehydrated  onions  A,  not  sulfited 
Dehydrated  onions  B,  sulfited 
Dehydrated  potatoes  A,  not  sulfited 
Dehydrated  potatoes  B,  sulfited 
Dehydrated  potatoes  C,  sulfited 
Dehydrated  potatoes  D,  sulfited 
Dehydrated  potatoes  E,  sulfited 
Dried  apples  sulfited 
Dried  apricots  A,  sulfited 
Dried  apricots  B,  sulfited 
Dried  peaches  sulfited 


Direct  Monier-  Nichols- 

Titration  Williams  Reed 


P.p.m.  SO* 

100 

60 

68 

320 

520 

372 

413 

464 

468 

640 

840 

2310 

2450 

2560 

2480 

2632 

2570 

4490 

4580 

4570 

4500 

4340 

0 

’  ’  0 

20 

20 

0 

0 

2520 

2620 

2610 

2690 

2380 

2420 

6260 

6220 

6390 

6460 

6300 

6320 

86 

86 

153 

121 

850 

840 

445 

414 

759 

644 

1490 

1550 

20 

20 

40 

40 

0 

0 

42 

83 

142 

146 

0 

60 

249 

314 

300 

322 

180 

220 

853 

687 

752 

732 

660 

660 

2160 

2225 

2295 

2305 

2090 

2100 

3055 

2960 

2930 

2615 

2555 

1605 

1663 

1700 

1520 

1500 

884 

884 

914 

909 

680 

886 

1685 

1705 

1735 

1600 

1555 
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MEASUREMENTS  WITH  DROPPING  MERCURY  ELECTRODE 

Most  of  the  methods  of  determining  sulfur  dioxide  content 
depend  upon  general  oxidation  or  neutralization  reactions  and 
are  not  specific.  To  obtain  data  specific  for  the  molecular  species 
involved,  a  polarographic  method  employing  the  dropping 
mercury  elictrode  was  used.  Kolthoff  and  Miller  ((?)  have 
reported  results  on  pure  aqueous  solutions  of  sulfurous  acid. 

A  simple  manual  dropping  mercury  electrode  was  used  (5). 
A  number  of  capillaries  were  prepared  by  drawing  out  capillary 
tubing  with  a  0.25-mm.  bore.  One  having  a  drop  time  of  about  2 
seconds  was  finally  chosen  and  used  in  all  these  studies,  since 
it  gave  the  maximum  values  of  diffusion  current  that  still  main¬ 
tained  approximate  linearity  with  concentration.  Measured 
at  —0.6  volt  in  0.1  N  hydrochloric  acid,  the  values  for  use  in 
the  Ilkovic  equation  (5)  were  as  follows: 

t  =  2.33  sec. 
m  =  1.83  mg.  sec.-1 
m2/3£i/6  =  1.72  mg. 2/3  sec.-1  n 

Preliminary  experiments  led  to  the  choice  of  0.1  A  hydrochloric 
acid  as  the  supporting  electrolyte.  To  calibrate  the  apparatus, 
0.1  N  hydrochloric  acid  was  introduced  into  the  electrolysis 
cell  and  swept  free  of  dissolved  oxygen  with  a  stream  of  nitrogen. 
The  gas  flow  was  then  diverted  to  flow  over  the  surface  of  the 
solution,  aliquots  of  dilute  sodium  bisulfite  solution  were  in¬ 
troduced  to  make  a  final  volume  of  50  ml.,  the  mixture  was  stirred 
carefully  to  avoid  incorporating  oxygen,  and  the  current-voltage 
data  were  recorded. 

Representative  data  are  plotted  in  Figure  1,  which  includes 
the  current-voltage  curves  for  pure  aqueous  solutions  of  sodium 
bisulfite  in  0.1  N  hydrochloric  acid  and,  in  the  upper  left  corner, 
a  graph  showing  the  relation  between  the  current  (sum  of  dif¬ 
fusion  and  residual  currents)  at  —0.6  volt  and  the  concentration 
of  sulfur  dioxide. 


Potential  of  dropping  electrode  -  Volts  vs.  S.C.E. 

Figure  2.  Measurements  with  Dropping  Mercury 
Electrode 

1.  Supporting  electrolyte,  0.1  N  hydrochloric  acid 

2.  Unsulfited  cabbage 

3.  Unsulfited  cabbage  plus  0.486  mg.  of  SO;  per  50  ml. 

4.  Sulfited  cabbage 

5.  Sulfited  cabbage  plus  acetone 

6.  Unsulfited  carrots 

7.  Unsulfited  carrots  plus  0.486  mg.  of  SO;  per  50  ml. 

8.  Sulfited  carrots 

Three  drops  of  1%  gelatin  solution  were  added  to  suppress 
maxima  in  pure  solutions.  Maximum  suppressors  were  not 
necessary  in  suspensions  of  vegetable  material.  All  voltages 
were  measured  with  a  saturated  calomel  half-cell  as  the  reference 
electrode.  Typical  curves  obtained  with  cabbage  and  carrot 
suspensions  are  given  in  Figure  2. 

As  shown  in  the  figures,  the  half-wave  potential  for  sulfur 
dioxide  is  the  same  in  pure  aqueous  solutions  as  in  cabbage  or 
carrot  suspensions.  Under  the  conditions  used  there  were  no 
interfering  waves  in  the  dehydrated  vegetable  suspensions.  Good 


Table  VI.  Sulfur  Dioxide  round  by  Dropping  Mercury  Electrod 
and  by  Direct  Titration  of  Sulfited  Dehydrated  Cabbage,  Carrots,  an 

Potatoes 

Sulfur  Dioxide 

Commodity  Direct  titration  Mercury  electrode 

P.p.m.  P.p.m. 

Cabbage  1104,1070  1100,1050,1060 

Carrots  489,  499  483,  465 

Potatoes  A  687,  653  675,  690 

Potatoes  B  2160,2225  2140,2150 


Table  VII.  Recovery  of  Sulfite  Added  to  Unsulfited  Dehydrate 
Cabbage  Suspensions 

(Dropping  mercury  electrode  data) 


SO2  Added 

SO2  Found 

Recovery 

Mg. 

Mg. 

% 

0.486 

0.465 

95.7 

0.486 

0.485 

99.8 

0.486 

0.475 

97.7 

0.972 

0.930 

95.7 

0.972 

0.920 

94.6 

0.972 

0.925 

95.2 

recovery  of  sulfur  dioxide  added  to  cabbage  and  carrots  is  shov 
in  curves  3  and  7,  respectively,  of  Figure  2,  which  resemb 
curve  3  in  Figure  1.  Additional  recovery  data  for  cabbage  a 
presented  in  Table  VII.  A  typical  curve  showing  the  effect 
acetone  is  included  in  Figure  2.  The  conditions  represented  1 
curves  4  and  5  differ  only  in  that  for  the  latter  they  include  tl 
addition  of  acetone.  With  acetone  present,  sulfited  cabbaj 
yields  the  same  curve  as  the  unsulfited  cabbage  and  the  su 
porting  electrolyte.  The  use  of  acetone  or  other  binding  age 
is  unnecessary  in  the  polarographic  procedure.  The  curve 
included  here  to  demonstrate  the  completeness  of  reaction  b 
tween  sulfurous  acid  and  acetone. 

In  analyses  of  dehydrated  vegetables  1  gram  of  the  materi 
was  weighed  into  the  electrolysis  vessel  and  48  ml.  of  wat 
were  added.  Larger  amounts  of  dried  material  may  be  use 
provided  the  suspensions  produced  are  not  too  viscous  to  wo 
with  conveniently.  The  distilled  water  used  had  been  swe 
free  of  oxygen  by  passing  a  vigorous  current  of  nitrogen  throu 
it  for  30  minutes.  One-half  milliliter  of  5  N  sodium  hydroxi 
was  added,  the  suspension  was  allowed  to  stand  10  to  30  mi 
utes,  and  1.5  ml.  of  5  N  hydrochloric  acid  were  added.  Measui 
ments  of  the  diffusion  current  were  commenced  immediately. 

No  oxygen  wave  has  been  noted  during  analysis  of  samp 
of  sulfited  dehydrated  vegetables.  This  is  to  be  expect! 
considering  the  well-known  ability  of  sulfur  dioxide  to  remo 
oxygen  quantitatively  under  alkaline  conditions.  Loss  of  suli 
dioxide  is  minimized  by  the  use  of  oxygen-free  water  and  avo 
ance  of  vigorous  agitation  which  might  incorporate  oxygi 
With  material  that  has  not  been  previously  treated  with  sulfi 
it  is  of  course  necessary  to  remove  dissolved  oxygen  by  bubbli 
a  stream  of  inert  gas  through  the  suspension. 

Results  obtained  by  the  dropping  mercury  electrode  as  co 
pared  with  the  direct  titration  method  are  given  for  dehydrai 
cabbage,  carrots,  and  potatoes  in  Table  VI.  Recovery  of  suli 
added  to  dehydrated  cabbage  is  shown  in  Table  VII. 

DISCUSSION 

From  the  data  presented,  it  is  concluded  that  the  direct  tit 
tion  method  gives  reproducible  results  and  has  an  accur: 
comparable  with  that  of  the  distillation  methods,  especially 
the  range  of  500  to  4000  p.p.m.  of  sulfur  dioxide.  It  has 
advantage  of  requiring  less  time  than  the  distillation  methc 
and  very  little  equipment.  It  can  be  mastered  readily  by 
inexperienced  analyst  and  should  prove  helpful  for  inspect 
and  control  laboratories  and  field  stations.  The  results  obtaii 
by  the  direct  titration  and  distillation  methods  are  in  agreem 
with  those  obtained  with  the  dropping  mercury  electrode,  wh 
yields  data  specific  for  sulfur  dioxide  under  the  conditii 
used. 
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In  addition,  the  direct  titration  procedure  is  capable  of  pro- 

Iding  information  not  obtainable  by  the  distillation  methods. 
)r  example,  omission  of  the  alkali  in  the  two  titrations  will 
eld  the  free  sulfur  dioxide,  and  the  sulfur  dioxide  present  in 
ie  bound  form  can  then  be  estimated  by  determining  the  total 
j  described  above.  The  determination  will  not  be  precise, 
jcause  a  measurable  time  will  be  needed  to  leach  out  the  sulfur 
oxide  from  the  food  particles,  and  the  equilibrium  in  the 
ispension  may  have  shifted  appreciably  from  that  in  the  de- 
p'drated  material. 

:The  various  methods  yield  results  that  show  general  agree- 
ent.  Results  by  the  Nichols-Reed  method  disagree  with 
ose  by  the  other  methods  on  cabbage  and  onions,  when  the  total 
lfite  is  low.  On  cabbage  at  higher  sulfite  levels,  the  results 
jsely  approximate  those  obtained  by  the  other  procedures, 
iesh  unsulfited  cabbage  may  yield  iodine-reducing  distillates 
rich,  calculated  as  sulfur  dioxide,  are  equivalent  to  2000  to 
00  p.p  m.  on  the  dry  basis.  Most  of  the  natural  reducing 
iterial  is  lost  during  dehydration;  in  control-dried  cabbage, 

■  example,  analogous  figures  vary  from  300  to  1000  p.p.m. 
lis  material  does  not  affect  the  Monier-Williams  or  the  di- 
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rect  titration  values,  which  are  therefore  preferred  for  these 
commodities. 
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dium  is  separated  from  potassium  by  extraction  of  perchlorates 
Ith  isopropanol  and  is  precipitated  from  the  alcoholic  filtrate  with 
■magnesium  uranyl  acetate  reagent  containing  a  relatively  high 
cicentration  of  uranium.  The  method  is  rapid  and  economical, 
■  1  requires  no  temperature  control  during  precipitation.  Recovery 
sodium  is  94%  complete  and  accurate  results  are  obtained  by 
ans  of  an  empirical  factor.  The  limit  of  uncertainty  of  the  method 
der  the  best  conditions  was  found  to  be  ±0.009%  for  a  sample 
ilyzing  0.082%  sodium  hydroxide;  under  routine  laboratory 
ditions  it  was  ±0.018%  for  a  sample  analyzing  0.085%  sodium 
droxide. 


*’HE  sodium  content  of  potassium  hydroxide  has  been  deter- 
k  mined  in  this  laboratory  for  a  number  of  years  by  separation 
t  most  of  the  potassium  as  the  perchlorate,  followed  by  pre- 
citation  of  the  sodium  with  magnesium  uranyl  acetate.  Two 
■icedures  have  been  used:  (1)  separation  of  the  potassium  in 
eueous  solution  followed  by  precipitation  of  the  sodium  with 
1}  Caley-Foulk  reagent  (3) ;  (2)  separation  of  the  potassium 
i  isopropanol  solution  followed  by  precipitation  of  the  sodium 
*;h  a  reagent  having  a  higher  concentration  of  uranium  than 
tit  recommended  by  Caley  and  Foulk. 

The  use  of  the  reagent  recommended  by  Caley  and  Foulk  has  a 
limber  of  disadvantages.  Precipitation  is  slow  and  requires 
Ichanical  stirring  for  a  half  hour  for  completion.  A  very  large 
e-ess  of  dilute  reagent  is  used.  This  increases  the  cost  and 
aggerates  solubility  effects.  As  a  result  of  the  latter,  close 
iaperature  control  and  saturation  of  the  reagent  with  sodium 
t  required. 

The  Caley-Foulk  reagent  contains  35  times  as  much  magnesium 
B  uranium,  expressed  in  terms  of  an  equivalent  quantity  of 
Ilium.  It  was  found  that  the  characteristics  of  the  reagent 
dd  be  improved  by  increasing  the  uranium  concentration 
irfold  at  the  expense  of  a  slight  decrease  in  the  concentration 
the  magnesium.  Only  a  relatively  small  volume  and  a  slight 
;ess  of  this  reagent,  calculated  on  the  basis  of  the  uranium,  are 
uired.  Temperature  effects  are  negligible,  owing  to  the  low 
^ubility  of  sodium  in  this  reagent.  Prolonged  agitation  is  not 
uired  and  precipitation  is  complete  in  a  few  minutes  (in  a  few 
onds  in  most  cases). 


This  reagent  has  been  used  for  the  precipitation  of  sodium  from 
both  alcoholic  and  aqueous  solutions  and  is  equally  satisfactory 
in  both  media.  Relatively  small  amounts  of  potassium  inter¬ 
fere  and  for  this  reason  it  is  necessary  to  utilize  an  organic  solvent 
for  separating  most  of  the  potassium  from  the  sodium  prior  to 
precipitation  of  the  sodium.  Of  the  solvents  tested  for  this  pur¬ 
pose,  99%  isopropanol  is  the  most  satisfactory.  Isopropanol  is 
also  the  most  satisfactory  solvent  tested  for  transferring  and 
washing  the  precipitate.  The  precipitate  is  weighed  after  drying 
at  110°  C. 


REAGENTS 

Magnesium  Uranyl  Acetate.  Dissolve  160  grams  of  uranyl 
acetate  dihydrate,  180  grams  of  magnesium  acetate  tetrahydrate, 
and  45  grams  of  glacial  acetic  acid  in  750  ml.  of  distilled  water 
by  heating  to  about  70°  C.  with  stirring.  Cool  to  25°  C.,  dilute 
to  1  liter,  and  filter  before  using.  The  specific  gravity  of  this 
reagent  should  be  1.169  ±  0.005  at  25°/15°  C. 

Isopropanol,  99%,  supplied  by  the  Carbide  and  Carbon 
Chemicals  Corporation  as  the  anhydrous  grade. 

Perchloric  Acid,  70  to  72%,  c.p. 


PROCEDURE 

Weigh  a  1-gram  portion  of  solid  potassium  hydroxide  or  2 
grams  of  a  liquid  sample  into  a  180-ml.  tail-form  beaker  and  dilute 
to  about  10  ml.  Add  a  drop  of  phenolphthalein  and  neutralize 
by  the  dropwise  addition  of  70%  perchloric  acid,  adding  1.0  ml. 
of  arid  in  excess  of  the  neutral  point.  Evaporate  carefully,  to 
avoid  spattering,  on  a  hot  plate  until  dense  white  fumes  of  per¬ 
chloric  acid  appear  and  then  fume  0.5  minute  more.  After  a  little 
experience  the  perchloric  acid  fumes  can  readily  be  distinguished 
from  the  less  dense  water  vapor.  The  whole  evaporation  should 
be  performed  at  such  a  temperature  that  spattering  will  not  occur; 
15  minutes  is  about  the  minimum  time  in  which  this  can  safely 
be  accomplished. 

After  the  evaporation  is  completed,  cool  the  beaker  and  con¬ 
tents  to  room  temperature  in  a  stream  of  water,  and  extract 
the  precipitate  with  successive  5-ml.  portions  of  isopropanol. 
Caution  should  be  exercised  at  this  point  to  avoid  the  danger  of 
adding  organic  matter  to  hot  perchloric  acid.  The  extraction 
can  best  be  accomplished  by  adding  the  isopropanol  from  a  small 
fine-tipped  wash  bottle  up  to  a  predetermined  mark  upon  the 
side  of  the  beaker.  Stir  the  mixture  thoroughly,  breaking  up 
any  large  lumps  of  solid  material,  and  decant  as  much  of  the 
liquid  and  as  little  of  the  solid  as  possible  through  a  Gooch  cru¬ 
cible  containing  a  disk  of  Whatman  No.  40  filter  paper.  (What- 
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man  No.  40  disks,  21  mm.  in  diameter,  to  fit  No.  3  Coors  Gooch 
crucibles,  may  be  obtained  from  H.  Reeve  Angel  and  Co.,  New 
York.)  Repeat  this  operation  three  more  times,  transferring 
the  precipitate  to  the  crucible  with  the  last  5-ml.  portion.  Rinse 
the  beaker  into  the  crucible  once  with  a  fine  jet  of  isopropanol  and 
wash  down  the  sides  of  the  crucible  similarly,  using  a  minimum 
of  alcohol.  Transfer  the  contents  of  the  suction  flask  to  a  dry 
180-ml.  tail-form  beaker  and  rinse  the  flask  with  a  minimum  of 
isopropanol.  The  volume  of  the  beaker  contents  should  be  about 
25  ml.  at  this  point. 


000  0.02  0.04  0.06  0.06  010  0.12 


KCL0*  ,  CRAMS 

Figure  1. ^Effect  of  Potassium  in  Alcoholic  Solution 


r  Precipitate  the  sodium  by  adding  10  ml.  of  the  magnesium 
uranyl  acetate  reagent  slowly  to  the  alcoholic  solution  with 
swirling.  Continue  to  swirl  for  20  seconds.  Allow  the  precipi¬ 
tate  to  stand  for  10  minutes  or  longer  and  filter  through  a  tared 
Gooch  crucible  containing  a  disk  of  Whatman  No.  40  filter  paper. 
Transfer  the  precipitate  and  rinse  the  beaker  with  four  or  five 
small  portions  of  isopropanol.  Wash  down  the  sides  of  the 
crucible  with  isopropanol,  using  no  more  than  25  ml.  for  the  entire 
transfer  and  washing  operation.  Remove  the  crucible  care¬ 
fully,  wipe  off  the  outside,  dry  5  minutes  at  105°  to  110°  C.,  cool, 
and  weigh.  Calculate  per  cent  sodium  hydroxide  as  follows : 

Grams  of  ppt.  X  0.0261  X  100  _  „  --.tt 

Grams  of  sample  X  0.94  /0  1 

EXPERIMENTAL 

The  reagent  recommended  by  Caley  and  Foulk  (3)  contains 
42.5  grams  per  liter  of  uranyl  acetate  dihydrate,  250  grams  per 
liter  of  magnesium  acetate  tetrahydrate,  and  60  grams  per  liter  of 
glacial  acetic  acid.  From  1  to  5  ml.  of  solution  containing  up 
to  50  mg.  of  sodium  are  mixed  with  100  to  500  ml.  of  the  reagent 
and  stirred  vigorously  for  30  to  45  minutes  at  20°  C.  Because  of 
the  appreciable  solubility  of  sodium  in  this  reagent  and  the  large 
volume  used,  it  is  necessary  to  saturate  the  reagent  prior  to  use 
and  store  at  a  temperature  above  20°  C.  The  uranium  content 
of  the  reagent  is  equivalent  to  0.77  mg.  of  sodium  per  ml., 
while  the  magnesium  content  is  equivalent  to  27  mg.  per  ml. 
It  seemed  desirable,  therefore,  to  make  the  uranium  and  magne¬ 
sium  content  more  nearly  equivalent.  It  was  found  that  solu¬ 
tions  could  be  prepared  which  contained  180  grams  per  liter  of 
each  salt,  but  that  uranyl  acetate  precipitated  from  this  solution 
upon  stirring  at  20°  C.  For  this  reason,  160  grams  per  liter  of 
uranyl  acetate  tetrahydrate  were  chosen  as  the  maximum  practi¬ 
cal  concentration. 

The  concentration  of  magnesium  acetate  tetrahydrate  must 
be  maintained  somewhat  below  250  grams  per  liter  in  order  to 
permit  the  required  amount  of  uranyl  acetate  to  dissolve.  Some 
of  the  experimental  work  was  performed  with  a  reagent  contain¬ 
ing  160  grams  per  liter  of  the  magnesium  salt,  but  a  batch  pre¬ 
pared  from  a  reagent  labeled  M  g  ( C  2  H  3  O  2 )  2 .  x  H  2  O  resulted  in  low 
recoveries  of  sodium  and  apparently  contained  only  about  130 


grams  per  liter  of  the  tetrahydrate.  This  observation  si 
gested  the  approximate  lower  limit  for  the  magnesium  aceti 
concentration  and  180  grams  per  liter  were  adopted  as  providi 
a  desirable  margin  of  safety.  The  use  of  10  ml.  of  this  conct 
trated  reagent  in  place  of  100  ml.  of  the  Caley-Foulk  reagc 
reduces  the  cost  per  determination  from  about  SO.  17  to  less  th 
$0.04. 

In  view  of  the  extremely  high  potassium-sodium  ratio 
caustic  potash,  the  possibility  of  determining  sodium  withou 
prior  separation  of  the  potassium  appeared  remote.  Howev 
the  advantages  of  such  a  procedure  were  so  great  that  it  v 
considered  advisable  to  investigate  this  possibility.  Conditic 
were  found  which  prevented  the  precipitation  of  potassium  in  1 
absence  of  sodium,  but  the  same  conditions  resulted  in  large  pc 
tive  errors  in  the  recovery  of  added  sodium.  Moreover,  wl 
the  sodium  magnesium  uranyl  acetate  was  dissolved  and 
precipitated  under  the  same  conditions  as  before,  the  weight 
the  second  precipitate  bore  no  relationship  to  the  amount 
sodium  present.  Thus,  the  direct  determination  of  sodium 
caustic  potash  by  either  one  or  two  precipitations  as  the  tri 
acetate  appears  to  be  unsatisfactory. 

Having  eliminated  the  direct  determination  of  sodium  in 
presence  of  potassium,  the  procedure  resolved  itself  into  1 
parts:  (1)  separation  of  a  large  portion  of  the  potassium  c 
(2)  precipitation  of  the  sodium.  The  simplest  procedure  for 
separation  of  the  potassium  would  involve  acidifying  the  san 
with  perchloric  acid,  removing  the  precipitated  potassium  percl 
rate  by  filtration  of  the  cold  aqueous  solution,  and  precipital 
sodium  in  the  filtrate.  To  determine  the  effect  of  the  potassi 
remaining  in  this  filtrate  varying  amounts  of  potassium  percl 
rate  were  added  to  portions  of  sodium  perchlorate,  equivalen 
4.0  mg.  of  sodium.  The  volume  of  each  solution  was  adjus 
to  5  ml.  and  the  sodium  precipitated  with  10  ml.  of  magnes: 
uranyl  acetate.  The  data  obtained  indicated  that  potass: 
perchlorate  in  excess  of  70  mg.  would  probably  interfere  ur 
these  conditions.  The  solubility  of  potassium  perchlorate 
water  is  such  that  it  appeared  impractical  to  reduce  the  cone 
tration  below  this  level. 


Table  1.  Solu 

bilities  of  Sodium 

and  Potassium  Perchlorates 

NaClOt 

KCICh 

Solvent 

NaClOi 
G./25  ml. 

KCIO* 
G./25  ml. 

Ratio  X  10 

Methanol 

7.81 

0 . 0207 

3.8 

Ethanol 

3.02 

0 . 0025 

12.1 

Isopropanol 

0.62 

0.0015 

4.1 

Isopropanol,  91% 

0.81 

0 . 0064 

1.3 

Barber  and  Kolthoff  (3)  separated  potassium  from  sodium  1 
ammonium  perchlorate  in  72%  ethanol  and  precipitated 
sodium  from  the  aqueous  solution  after  evaporating  the  alco 
Willard  and  Diehl  (7)  list  the  solubilities  of  sodium  and  po 
sium  perchlorates  in  several  alcohols  and  mixed  solvents, 
high  sodium  perchlorate-potassium  perchlorate  solubility  ra 
indicated  the  possibility  of  separating  the  sodium  from  the  po 
sium  by  extraction,  prior  to  the  sodium  determination, 
pursuance  of  this,  the  approximate  solubilities  of  sodium 
potassium  perchlorates  in  several  solvents  were  determined, 
avoid  separation  of  the  solvents,  the  study  was  limited  to 
cohols  which  were  miscible  with  the  magnesium  uranyl  ace 
reagent.  The  alcohols  were  technical  materials  and  v 
used  without  further  purification.  They  are  described  by- 
supplier  as  follows:  methanol,  not  less  than  99.85%  by  wei| 
ethanol,  absolute;  isopropanol,  approximately  91%  by  voli 
and  isopropanol,  not  less  than  99.4%  by  volume.  The  follov 
procedure  wras  used.  i 

To  100-ml.  portions  of  the  alcohols  was  added  excess  of 
finely  pulverized  salt.  After  heating  to  50°  C.  to  hasten 
solution  the  mixtures  were  agitated  vigorously  for  2  hour; 
25°  C.  The  excess  salt  was  allowed  to  settle,  the  supernal 
liquid  was  filtered,  25-ml.  portions  of  the  filtrate  were  evaponi 
to  dryness  in  tared  weighing  bottles,  and  the  residue  was  weigli 
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Figure  2.  Effect  of  Perchloric  Acid  on  Recovery  of  Sodii 


The  data  obtained  (Table  I)  indicate  that  ethanol  gives  by  far 
e  most  favorable  ratio  of  solubility  of  sodium  perchlorate  to 
itassium  perchlorate,  while  methanol  and  99%  isopropanol  give 
>out  equal  ratios.  Dilution  of  isopropanol  to  91  %  substantially 
creased  the  ratio.  This  suggested  the  desirability  of  making 
e  separation  in  an  essentially  anhydrous  medium. 

The  effect  of  potassium  in  alcoholic  solutions  was  determined 
■  precipitating  10  mg.  (13.3  mg.  were  used  in  some  tests)  of 
dium  from  25  ml.  of  the  alcohol.  To  simulate  actual  working 
nditions  0.75  ml.  of  70%  perchloric  acid  was  added  to  each  solu- 
>n.  The  data  presented  in  Figure  1  show  that  ethanol  is  en- 
ely  unsatisfactory  as  a  solvent  for  the  precipitation.  If 
ithanol  is  used  as  the  solvent,  the  amount  of  potassium  per- 
lorate  which  may  be  present  without  causing  appreciable  inter- 
•ence  is  about  twice  the  solubility  of  potassium  perchlorate  in 
ithanol,  while  the  corresponding  value  for  99%  isopropanol  is 
'•tv-fold.  It  follows  that  isopropanol  is  the  most  satisfactory 
Ivent  for  the  separation  and  precipitation  of  the  sodium. 

Since  the  complete  removal  of  perchloric  acid  was  impractical, 
e  maximum  amount  which  could  be  tolerated  was  determined, 
le  data  obtained,  shown  graphically  in  Figure  2,  indicate  that 
lounts  up  to  1.0  ml.,  and  probably  more,  do  not  interfere  in 
y  of  the  three  alcohols  tested.  Positive  errors  were  obtained 
intermediate  acid  concentrations  when  using  ethanol  as  the 
Ivent.  While  the  cause  of  this  anomalous  behavior  was  not 
certained,  it  may  be  due  to  variations  in  the  degree  of  solvation. 
A  30-minute  stirring  period  was  utilized  in  all  the  experimental 
)rk  described  above  to  ensure  complete  precipitation  of  the 
dium  magnesium  uranyl  acetate.  To  determine  the  possibility 
shortening  the  stirring  period,  3.0  mg.  of  sodium,  2.0  mg.  of 
tassium,  and  0.5  ml.  of  70%  perchloric  acid  were  dissolved  in 
ml.  of  99%  isopropanol;  10  ml.  of  magnesium  uranyl  acetate 
•re  added  and  the  solutions  were  agitated  for  varying  periods, 
le  data  obtained  are  presented  in  Table  II  and  indicate  that 
ecipitation  is  complete  after  10  seconds  of  swirling.  A  20- 
ond  swirling  period  was  adopted  to  provide  a  safety  factor, 
bsequent  experience  with  the  routine  application  of  the 
Jthod  indicated  that  better  precision  was  obtained  by  allowing 
e  precipitate  to  stand  10  minutes,  after  swirling  and  before 
Wring. 

The  customary  wash  solution  used  for  sodium  magnesium 
anyl  acetate  is  95%  ethanol,  shaken  and  maintained  in  contact 
th  an  excess  of  the  precipitate.  This  and  other  solvents  were 
■'ted  as  wash  solutions  by  determining  the  solubility  losses  dur- 
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ing  washing.  Five  0.65-gram  portions  of  the 
triple  acetate  precipitate,  corresponding  to 
about  10  mg.  of  sodium,  were  washed  in  Gooch 
crucibles  with  successive  25-ml.  portions  of 
the  various  solutions.  Table  III  shows  that 
methanol  is  unsatisfactory  as  a  wash  solution; 
95%  ethanol  in  contact  with  excess  precipi¬ 
tate  and  91%  isopropanol  are  about  equally 
satisfactory;  99%  isopropanol  is  somewhat 
superior  to  the  last  two ;  and  the  solubility  of 
the  precipitate  in  acetone  is  negligible.  How¬ 
ever,  acetone  was  found  to  precipitate  the  re¬ 
agent,  leaving  considerable  residue  in  the 
beaker.  Thus,  although  acetone  is  excellent 
for  washing  the  precipitate  prior  to  drying, 
it  is  not  satisfactory  for  transferring  or  wash¬ 
ing  the  precipitate  free  of  excess  reagent.  For 
this  reason,  99%  isopropanol  was  selected  as 
the  most  satisfactory  wash  solution  con¬ 
sidered.  The  precipitate  may  be  dried  at 
105°  to  110°  C.  or  by  aspirating  air  through  it. 
If  the  latter  method  is  used,  the  precipitate 
m  should  be  washed  with  a  small  volume  of  ace¬ 

tone  to  take  advantage  of  its  higher  vapor 
pressure  and  to  reduce  the  time  required  to 
evaporate  the  solvent  completely. 

Caley  and  Foulk  (3)  found  that  the  precipitate  formed  in 
aqueous  solutions  is  solvated  with  6.5  molecules  of  water.  Schoorl 
(6)  and  Caley  and  Rogers  (4)  found  independently  that  magne¬ 
sium  uranyl  acetate  which  has  been  precipitated  from  aqueous- 
ethanolic  solutions  is  solvated  with  ethanol  as  well  as  water. 
The  authors’  experience  with  the  precipitate  from  aqueous  solu¬ 
tions  showed  that  it  readily  attained  constant  weight  at  tem¬ 
peratures  up  to  120°  C.,  lost  weight  slowly  at  150°  C.,  rapidly 
at  180°  C.,  and  quickly  blackened  at  200°  C.  On  this  basis  a 
portion  of  the  precipitate  from  isopropanol  solution  was  dried  at 
145°  to  150°  C.  for  an  extended  period.  The  data,  plotted  in 
Figure  3,  show  a  marked  change  in  the  rate  of  loss  in  weight  after 
6  hours,  the  continued  loss  in  weight  being  attributed  to  decom¬ 
position  of  the  molecule.  Extrapolation  of  the  curve  indicates 
a  rapid  loss  of  9.4  or  9.5%,  depending  upon  whether  decomposi¬ 
tion  is  assumed  to  begin  immediately  upon  heating  or  not  until 
desolvation  is  complete.  The  isopropanol  content  of  portions  of 


Table  II.  Effect  of  Time  of  Agitation 

(3.0  mg.  of  Na  added) 

Agitation 


Stirred  mechanically  30  min. 
Stirred  mechanically  15  min. 
Stirred  mechanically  5  min. 
Swirled  manually  60  sec. 

Swirled  manually  10  sec. 

Swirled  manually  5  sec. 

Swirled  manually  2  sec. 

After  subtracting  blank  of  0.11  mg 


Sodium 

Found0 

Error 

Mg. 

Mg. 

3.02 

+  0.02 

3.04 

+  0.04 

3.01 

-0.01 

3.07 

+  0.07 

3.09 

+  0.09 

2.89 

—  0.11 

2.85 

-0  15 

Table 


Solvent  Action  of  Wash  Solutions  on  Sodium 
Magnesium  Uranyl  Acetate 

- Loss  of  Precipitate^ 


Isopropanol, 


Washing 

99.85% 

95%° 

91% 

Gram/ 25  ml. 

99% 

Acetone 

1 

0.076 

0.004 

0.006 

0.001 

0.000 

2 

0.089 

0.003 

0.003 

0  001 

0.000 

3 

0.096 

0.001 

0.001 

0.001 

0.000 

4 

0.003 

0.002 

0.001 

0.001 

5 

0  001 

Av. 

0.087 

0.0028 

0 . 0033 

0.0010 

0 . 0003 

tate. 


Maintained  in  contact  with  sodium  magnesium  uranyl  acetate  precipi- 


160 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  16,  No. 


Table  IV. 

Recovery  from 

50%  Potassium 

Hydroxid 

Added 

Found” 

Error 

Recovery 

% 

% 

% 

% 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.002 

0.003 

+  0.001 

0.010 

0.011 

+  0.001 

0.050 

0.047 

-0.003 

94 

0.100 

0.093 

-0.007 

93 

0.498 

0.478 

-0.020 

96 

0.995 

0.919 

-0.076 

92 

1.99 

1.85 

-0.14 

93 

a  After  subtraction  of  blank  of  0.003%. 


HOURS  AT  14-5°  TO  150 °C. 

Figure  3.  Drying  of  Sodium  Magnesium  Uranyl  Acetate 
Loss  in  weight  at  145°  to  150°  C. 


the  precipitate  was  determined  by  oxidation  with  dichromate  in 
sulfuric  acid  solution,  followed  by  titration  of  the  excess  dichro¬ 
mate  with  ferrous  sulfate  using  diphenylamine  sulfonic  acid  as  the 
indicator.  The  recovery  of  known  amounts  of  isopropanol  was 
95%  complete  under  the  conditions  used.  The  isopropanol  con¬ 
tent  found  on  duplicate  portions  of  the  precipitate  was  1.04 
and  1.06%.  By  difference,  the  water  content  is  8.4%.  These 
data  correspond  to  a  precipitate  containing  7  molecules  of  water 
and  0.3  molecule  of  isopropanol  and  having  a  molecular  weight  of 
1534.  Thus,  the  theoretical  factor  for  converting  to  sodium  is 
0.0150. 

To  determine  the  volume  of  isopropanol  required  to  extract  the 
sodium  perchlorate  from  the  potassium  perchlorate,  synthetic 
samples  containing  added  sodium  equivalent  to  0.87%  of  sodium 
hydroxide  were  carried  through  the  procedure  except  that  vary¬ 
ing  volumes  of  isopropanol  were  used.  Extraction  with  10  ml. 
of  isopropanol  resulted  in  the  recovery  of  0.86%,  and  0.88% 
was  recovered  when  30  ml.  was  used.  These  data  indicate  that 
the  sodium  is  readily  extracted  and  that  20  to  25  ml.  should  be 
adequate  for  routine  use. 

To  determine  the  accuracy  of  the  procedure,  a  sample  of  low- 
sodium  potassium  hydroxide  was  prepared  by  a  method  similar  to 
that  of  Richards  and  Mueller  as  described  by  Archibald  (2).  c.p. 
potassium  oxalate  was  recrystallized  from  water  and  a  hot  satu¬ 
rated  solution  prepared.  This  was  placed  in  a  large  porcelain 
evaporating  dish  and  electrolyzed,  using  a  mercury  pool  as  cathode 
and  a  platinum  disk  as  anode.  The  contents  were  cooled  by 
immersing  the  dish  in  ice  water.  When  the  mercury  began  to 
solidify,  the  supernatant  liquid  was  discarded  and  the  amalgam 
washed  three  times  with  intermittent  electrolysis  until  the  wash 
water  was  free  of  oxalate  ion.  Distilled  water  was  added  to  the 
amalgam  and  the  current  reversed  to  hasten  the  formation  of  the 
potassium  hydroxide.  The  aqueous  solution  was  then  evapo¬ 
rated  in  a  porcelain  casserole  to  48%  potassium  hydroxide  and 
stored  in  a  hard-rubber  bottle  to  avoid  sodium  contamination. 

The  purified  potassium  hydroxide  was  diluted  so  that  10  ml. 
were  equivalent  to  a  2-gram  sample  of  45%  potassium  hydroxide. 
To  10-ml.  portions  of  this  solution  were  added  varying  portions 
of  standard  0.1  N  sodium  hydroxide  and  the  solutions  were 
analyzed.  Duplicate  portions  containing  no  added  sodium  were 
found  to  contain  0.003%  sodium  hydroxide.  This  was  considered 
to  be  a  blank  determination  and  was  subtracted  from  the  actual 
analyses  shown  in  Table  IV. 


These  data  show  preponderantly  negative  errors  with  fairl 
consistent  recoveries  of  about  94%  of  the  added  sodium.  Th 
indicates  that  the  method  is  best  applied  to  the  determination  < 
small  amounts  of  sodium  where  the  absolute  errors  observed  ai 
less  serious.  However,  by  means  of  an  empirical  factor  for  cot 
verting  the  weight  of  the  precipitate  to  per  cent  sodium  hydroxid 
the  accuracy  can  be  made  equal  to  the  precision  of  the  methoi 
which  is  shown  to  be  very  good. 

The  precision  of  this  procedure  was  determined  under  the  be: 
conditions  and  under  routine  conditions  as  described  by  Mora 
(5).  Assuming  random  distribution  and  applicability  of  tl 
normal  law  integral,  68.3%  of  all  analyses  would  be  expected  1 
lie  within  the  range  of  the  average  of  a  group  of  analyses  plus  ( 
minus  the  standard  deviation  for  an  infinite  group.  Similar! 
99.7%  of  all  analyses  should  lie  within  the  range  of  the  avera; 
plus  or  minus  three  times  the  standard  deviation  for  an  ii 
finite  group.  The  latter  range  has  been  termed  the  limit  of  ui 
certainty,  LU  ( 5 ).  The  precision  under  the  best  conditions,  LI 
w&s  determined  by  the  analyses  of  10  portions  of  a  homogeneo: 
sample  (Table  V).  The  LUi  of  ±0.009%  in  a  sample  analyzir 
0.082%  sodium  hydroxide  is  considered  satisfactory.  The  pr 


Table  V.  Precision  of  Method  under  Best  Conditions,  LU i 


Analysis 

NaOH, 

Deviation  from 
Average, 

No. 

% 

% 

1 

0.083 

+  0.001 

2 

0.083 

+  0.001 

3 

0.086 

+  0.004 

4 

0.075 

-0.007 

5 

0.083 

+  0.001 

6 

0.083 

+  0.001 

7 

0.085 

+  0.003 

8 

0.081 

-0.001 

9 

0.082 

0.000 

10 

0.082 

0.000 

Av. 

Standard  deviation  of  group 

Standard  deviation  of  infinite  group 
LUi 

0.0823 

±0.0028 

±0.0030 

±0.009 

Table  VI. 

Analysis 

Precision  of  Method  under  Routine  Conditions,  LU 

Deviation  from 
NaOH,  Average, 

No. 

Date 

% 

% 

1 

May,  1941 

0.088 

+0.003  • 

2 

May,  1941 

0.087 

+  0.002 

3 

June,  1941 

0.086 

+  0.001 

4 

June,  1941 

0.087 

+  0.002 

5 

July,  1941 

0.077 

-0.008 

6 

July,  1941 

0.087 

+  0.002 

7 

August,  1941 

0.074 

-0.011 

8 

August,  1941 

0.099 

+  0.014 

9 

September,  1941 

0.085 

0.000 

10 

September,  1941 

0.085 

0.000 

11 

October,  1941 

0.094 

+  0.009 

12 

October,  1941 

0.090 

+  0.005 

13 

November,  1941 

0.084 

-0.001 

14 

November,  1941 

0.082 

-0.003 

15 

December,  1941 

0.076 

-0.009 

16 

December,  1941 

0.085 

0.000 

17 

January,  1942 

0.076 

-0.009 

18 

January,  1942 

0.070 

-0.015 

19 

January,  1942 

0.086 

+  0.001 

20 

February,  1942 

0.084 

-0.001 

21 

February,  1942 

0.086 

+  0.001 

22 

March,  1942 

0.094 

+  0.009 

23 

March,  1942 

0.089 

+  0.004 

24 

April,  i942 

0.087 

+  0.002 

25 

April,  1942 

0.090 

+  0.005 

26 

May,  1942 

0.088 

+  0.003 

27 

May,  1942 

0.084 

-0.001 

28 

June,  1942 

0.088 

+  0.003 

29 

June,  1942 

0.090 

+  0.005 

30 

July,  1942 

0.086 

+  0.001 

31 

July,  1942 

0.085 

0.000 

32 

August,  1942 

0.075 

-0.010 

33 

August,  1942 

0.075 

-0.010 

34 

September,  1942 

0.090 

+0.005 

35 

September,  1942 

0.087 

+0.002 

36 

October,  1942 

0.087 

■+0 . 002 

37 

Ootober,  1942 

0.089 

+  0.004 

38 

November,  1942 

0.090 

+  0.005 

39 

November,  1942 

0.088 

+  0.003 

40 

December,  1942 

0.088 

+  0.003 

41  December,  1942 

Av. 

Standard  deviation  of  group 

Standard  deviation  of  infinite  group 
LU  t 

0.085 

0.000 

0.085 

±0.0058 

±0.0059 

±0.018 

arch,  1944 
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i non  under  routine  conditions,  LUi,  was  determined  from 
y.alyses  on  the  same  sample  over  a  period  of  20  months.  These 
ta,  representing  41  analyses  by  seven  different  analysts  and 
(town  in  Table  VI,  indicate  an  LU2  of  ±0.018%  and  an  average 
i  0.085%  sodium  hydroxide.  This  LU2  represents  a  rigorous 
1st  of  the  analytical  method  and  the  LUz-LUi  ratio  of  2  to  1  is 
tnsidered  normal  and  as  indicating  the  effect  of  personal, 
isonal,  and  other  variations. 

ACKNOWLEDGMENT 


The  authors  gratefully  acknowledge  the  cooperation  of  R.  A. 
■mke,  chief  chemist,  and  the  members  of  the  Control  Labora- 
'y  in  furnishing  part  of  the  precision  data;  the  collaboration 
Mary  P.  Brevoort,  G.  F.  Foy,  C.  A.  Lowe,  and  C.  C.  Meeker 


in  the  experimental  work;  and  the  permission  of  Westvaco 
Chlorine  Products  Corporation  in  permitting  publication  of  this 
material. 


LITERATURE  CITED 

(1)  Archibald,  E.  H.,  "Preparation  of  Pure  Inorganic  Substances”, 

New  York,  John  Wiley  &  Sons  Co.,  1932. 

(2)  Barber,  H.  H„  and  Kolthoff,  I.  M.,  .7.  Am.  Chem.  Soc.,  51,  3233-7 

(1929). 

(3)  Caley,  E.  R.,  and  Foulk,  C.  W.,  Ibid.,  51,  1664-74  (1929). 

(4)  Caley,  E.  R.,  and  Rogers,  L.  B..  Ind.  Eng.  Chem.,  Anal.  Ed.,  15, 

32-6  (1943). 

(5)  Moran,  R.  F„  Ibid.,  15,  361-4  (1943). 

(6)  Schoorl,  N.,  Rec.  trav.  chim..  59,  305-13  (1940). 

(7)  Millard,  H.  H.,  and  Diehl,  H.,  “Advanced  Quantitative  Analy¬ 

sis”,  Ann  Arbor,  Brumfield  and  Brumfield,  1939. 


Refractive  Index— Dry  Substance  Tables  for  Starch 

Conversion  Products 

J.  E.  CLELAND,  J.  W.  EVANS1,  E.  E.  FAUSER2,  and  W.  R.  FETZER3 
Union  Starch  &  Refining  Co.,  Granite  City,  III. 


it  refractive  index  of  starch  hydrolyzate  sirups  has  been  found  to 

•  asure  their  dry  substance  content,  provided  the  ash  and  dextrose 
•tivalent  are  also  known.  All  commercial  corn  sirups  are  marketed 
»h  essentially  the  same  ash  content,  largely  a  function  of  the  dex- 
fcse  equivalent.  Thus  with  the  dextrose  equivalent  known,  re- 
h:tive  indices  are  readily  defined  in  terms  of  dry  substance. 
Ftunately  the  correction  for  dextrose  equivalent  is  small  and 

( T ARCH  conversion  products  for  the  purposes  of  this  paper 

•  are  defined  as  com  sirups  and  Nos.  “70”  and  “80”  corn 
•far  sirups,  made  by  the  simple  hydrolysis  of  starch  by  acid, 
lis  definition  automatically  excludes  dual  conversion  sirups — - 
*1  followed  by  enzymic  hydrolysis  and  interconversion  sirups 
kde  by  chemical  treatment  on  an  acid  hydrolyzate.  Of  the 
p  ducts  mentioned,  corn  sirup  is  the  only  one  which  reaches  the 
tale  as  a  sirup.  The  “70”  and  “80”  sugars  reach  the  consumer 
lithe  form  of  crystallized  chips  or  billets.  However,  these 
p  ducts  are  sirups  in  the  factory,  and  since  the  moisture  at 
Doping  is  essentially  the  moisture  at  pouring,  refractive  index 
ta  les  for  these  products  are  valuable  for  manufacturing  control. 

orn  sirup  is  the  thick,  viscous,  substantially  colorless  sirup 
Jained  from  the  incomplete  hydrolysis  of  starch.  It  is  sold 
■the  basis  of  Baume  and  dextrose  equivalent  and  in  the:  trade 
Bitten  referred  to  as  corn  sirup  unmixed  or,  more  simply, 
f  U.  The  Baume  (commercial)  will  run  from  42°  to  47°, 
i  greater  part  being  43°.  Dextrose  equivalent  (D.E.)  is  de- 
id  within  the  industry  as  the  percentage  of  reducing  sugars 

Sulated  as  dextrose,  expressed  on  a  dry  substance  basis, 
ler  this  general  classification,  commercial  sirup  falls  roughly 
i  four  groups:  brewers’  body  sirup,  25  to  35;  standard  con- 
ioners’  sirups,  40  to  45 ;  extra  sweet  sirups,  50  to  57;  and  dual 
Eversion  sirup  (acid  plus  enzyme),  60  to  70  D.E.  The  names 
»l  he  first  three  groups  are  general,  in  that  there  is  considerable 
ta  rchange  in  the  use  of  these  sirups. 

he  employment  of  Baume  as  the  basis  for  the  sale  of  corn 
ip  follows  a  natural  custom  for  liquids  or  sirups.  The  hy- 
taneter,  which  has  always  been  used,  has  been  standardized  at 
l'6  C.  (60°  F.).  However,  a  Baumg  test  on  commercial 
ips  at  this  temperature  is  impossible  because  they  are  too 
pous.  To  eliminate  this  difficulty,  an  arbitrary  method  of 

resent  address.  General  Mills,  Inc.,  Minneapolis,  Minn, 
resent  address,  Goodyear  Tire  &  Rubber  Co.,  Akron,  Ohio, 
resent  address.  Clinton  Company,  Clinton,  Iowa. 


linear.  Likewise,  the  temperature  correction,  above  14%  dry 
substance,  is  substantially  linear.  The  precision  of  this  method  of 
determining  dry  substance  is  essentially  the  precision  of  a  four-place 
refractometer.  Tables  are  presented  covering  refractive  index-dry 
substance  for  the  usual  commercial  products  from  0  to  90%  dry 
substance  and  refractive  index-commercial  Baum£,  since  all  corn 
sirup  is  marketed  on  a  commercial  Baume  basis. 

Bailing  determination  was  adopted  years  ago  and  is  still  in  use. 
The  sirup  under  test  is  heated  to  140°  F.  (60°  C.)  and  Baume 
reading  obtained  with  a  hydrometer  standardized  at  60°  F. 
To  the  observed  reading  at  140°  F.  is  added  1.00°  B6.  which 
was  originally  purported  to  reduce  the  reading  to  37.78°  C 
(100°  F.).  This  method  for  the  sale  of  corn  sirup  is  designated 
as  commercial  Baume  and  expressed  as  commercial  Baume  = 
Baume  (140°/60°  F.)  +  1.00°  Be.  Although  this  procedure 
simplifies  the  test,  it  introduces  other  difficulties  (o),  so  that  the 
Baume  test  requires  considerable  skill  in  order  to  obtain  results 
of  a  fine  degree  of  precision.  Since  the  Baume  scale  is  used  as  a 
measure  of  the  dissolved  solids  or  dry  substance  in  a  sirup,  this 
relationship  is  of  particular  interest  to  manufacturers  and  users. 
Tables  giving  this  relationship  have  been  presented  (5).  How¬ 
ever,  determinations  of  Baume  as  outlined  above  and  of  dry 
substances  are  laborious  and  time-consuming.  A  more  rapid 
test,  for  Baume  or  dry  substance  has  been  desired  for  a  long  time. 
Refractive  index  has  been  proposed  and  the  Abbe  refractometer 
has  been  suggested  for  its  ease  of  manipulation  and  speed  of 
operation. 

HISTORICAL 

A  few  tables  have  been  published  on  the  refractive  index— dry 
substance  relationship  for  starch  conversion  products.  Most  of 
these  lack  definition  through  a  failure  to  define  adequately  the 
dextrose  equivalent  of  the  product  ( 9 ).  More  recently  a  table 
has  been  published  in  Germany  ( 6 )  but  only  the  abstract  has 
reached  this  country.  The  fault  with  such  tables  as  have  been 
prepared  rests  upon  (1)  inadequate  methods  for  determination  of 
dry  substance,  (2)  failure  to  define  the  dextrose  equivalent  which 
in  turn  depends  upon  the  dry  substance,  and  (3)  failure  to 
recognize  that  the  refractive  index  for  a  given  dry  substance  is 
also  a  function  of  the  dextrose  equivalent. 

Adequate  methods  for  the  determination  of  dry  substance  in 
starch  conversion  products  (3,  4)  have  enabled  more  accurate 
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data  to  be  obtained  fox-  the  dextrose  equivalent.  Thus  a  re¬ 
fractive  index  table  became  a  matter  of  the  collection  of  suffi¬ 
cient  data.  These  data  have  been  compiled  and  in  use  in  this 
laboratory  for  six  years.  The  original  data  have  been  extended 
to  a  complete  range  of  starch  conversion  products  and  a  wide 
range  of  temperatures.  Although  this  would  at  first  appear  to 
necessitate  extended  tables,  considerable  simplification  was  pos¬ 
sible. 


MATERIALS 


The  materials  used  were  commercial  products  and  typical  of 
each  class: 


Brewers’  body  sirup 
Confectioners’  corn  sirup 
High  conversion  corn  sirup 
(extra  sweet  corn  sirup) 
“70” sugar 
“70” sugar 
“80” sugar 


D.E. 

Ash 

Crude  Protein 
Dry  Basis 

32.8 

0.25 

0.04 

42.0 

0.28 

0.04 

55.0 

0.30 

0.04 

82.0 

0.41 

0.07 

89.0 

0.61 

0.07 

90.7 

1.22 

0.08 

With  the  exception  of  the  “80”  sugar,  the  ash  content  of  the 
others  is  essentially  proportional  to  the  dextrose  equivalent, 
which  proved  advantageous  for  plotting  refractive  index  vs.  dex¬ 
trose  equivalent..  Of  the  materials  mentioned  above,  those  of 
42.0,  55.0,  89.0,  and  90.7  D.E.  were  either  diluted  or  concentrated 
for  a  series  of  sirups  covering  the  complete  range  of  dry  substance 
from  0  to  90%.  The  method  used  for  this  procedure  has  been 
published  (o).  The  products  of  32.8  and  82.0  D.E.  were  used 
in  the  concentrated  ranges  of  70  to  90%  dry  substance.  In 
addition,  the  refractive  index-dry  substance-Baume  relation¬ 
ship  was  determined  for  specific  Baumes  on  innumerable  samples 
of  finished  factory  products  and  on  similar  samples  manufac¬ 
tured  by  competitors  during  the  six  years  the  tables  have  been 
in  use. 


METHODS  OF  ANALYSIS 


Moisture.  The  determination  of  moisture  in  corn  sirup  and 
corn  sugar  has  been  previously  described  ( 3 ,  5).  The  methods 
used  were  as  follows: 

Corn  Sirup.  Filter-Cel  method  (diatomaceous  silica,  Johns- 
Manville  Hy-Flo),  vacuum  oven  at  100°  C.;  alternative  methods, 
toluene  distillation  and  benzene  distillation. 

Corn  Sugar.  For  80  to  92  D.E.,  Filter-Cel  method,  vacuum 
oven  at  80°  C.;  alternative,  benzene  distillation. 

Baume  by  Hydrometer.  Baume  determination  has  been 
previously  described  ( 5 ).  The  Com  Industries  Research  Foun¬ 
dation’s  official  referee  hydrometers  manufactured  by  ffm. 
Hiergesell  &  Sons,  New  York,  N.  Y.,  were  used.  The  sirup  under 
test  was  poured  into  the  cylinder  (37.5  X  5.6  cm.,  15  X  2.25  inch, 
Pyrex,  without  lip).  The  cylinder  was  sealed  with  dual  stoppers, 
the  bottom  stopper  being  placed  within  1.25  cm,  (0.5  inch)  of  the 
sirup  surface  and  the  top  stopper  closed  the  cylinder.  The 
cylinder  was  placed  in  the  water  bath  (140°  F.),  so  that  water 
extended  to  within  2.5  cm.  (1  inch)  of  the  top.  At  the  same 
time,  distilled  water  was  added  to  a  second  cylinder,  the  test 
hydrometer  inserted  in  it,  and  the  cylinder  placed  in  the  water 
bath.  After  the  sirup  was  freed  of  air,  the  cylinder  was  placed 
on  a  higher  shelf,  so  that  the  surface1  of  the  sirup  extended  about 
1.25  cm.  (0.5  inch)  above  the  water  after  the  hydrometer  was 
immersed.  The  dual  stoppers  were  removed  from  the  cylinder. 
The  test  hydrometer  was  removed,  dried,  and  immei'sed  in  the 
%irup.  The  hydrometer  was  read  in  approximately  10  minutes. 
To  the  reading  obtained  was  added  the  correction  necessary 
from  a  previous  comparison  of  the  hydrometer  with  one  certified 
by  the  National  Bureau  of  Standards. 

Baume  by  Pycnometer.  A  pycnometer  in  the  form  of  a 
sphere  with  standard  taper  joints  of  Pyrex  was  designed  and  used. 
The  apparent  specific  gravities  by  pycnometers  on  various  con¬ 
centrations  of  corn  sirup,  employing  the  correction  whereby'  the 
apparent  specific  gravity'  of  pycnometers  could  be  translated  to 
hydrometer  readings,  were  compared  with  actual  readings  by 
hydrometers  in  the  same  sirup  and  found  to  agree  within 
(101°  Be. 

Refractive  Index.  Apparatus.  Water  bath,  120-liter  (32- 
gallon),  lagged,  equipped  with  stirrer  and  metastic  mercury 
regulator  with  sensitivity  of  0.02°  C.  Water  was  transferred 
from  bath  to  refractometer  by  means  of  a  pump,  with  capacity 
of  37.85  liters  (10  gallons)  per  minute. 

Light  source,  60-watt  frosted  Mazda  bulb. 

Zeiss  sugar  refractometer,  new  model  until  l'otating  compen¬ 
sator,  standardized  at  20.0°  C.,  Serial  No.  54,128.  The  new 
model  Zeiss  sugar  refractometer  consists  of  a  circular  casing,  con¬ 


taining  the  mechanism,  mounted  on  an  upright  stand.  The  heigh 
of  stand  is  such  that  the  ocular  is  at  a  convenient  height  fo 
reading  when  the  instrument  is  placed  on  a  table.  The  fixe 
prism  of  the  double  prism  is  anchored  in  the  casing  and  > 
placed  that  the  inner  surface  of  the  prisms  are  placed  horizontall; 
side  by  side,  when  the  hinged  prism  is  folded  back  for  cleanir 
or  recharging.  The  telescope,  earned  on  a  stout  radial  arm, 
almost  wholly  enclosed,  only  the  ocular  protruding. 

In  making  observations,  the  eye  looks  horizontally'  into  tl 
ocular.  The  image  in  the  ocular  presents  the  following  appea 
ance:  In  place  of  the  usual  cross  lines,  the  field  of  view  shov 
a  linear  mark,  on  the  right  of  which  is  the  percentage  scale  ran 
ing  from  0  to  50%  in  0.2%  and  from  50  to  95%  in  0.1%.  On  tl 
left  is  a  scale  graduated  in  refractive  indices,  ranging  from  1.3: 
to  1.540.  graduated  to  the  third  decimal,  the  fourth  decim 
being  estimated.  The  fact  that  reading  is  taken  in  the  field 
view  ensures  a  considerable  saving  of  time.  The  rotating  coi 
pensator  furnishes  a  means  of  rendering  the  boundary  line  b 
tween  the  bright  and  dark  portions  of  the  field,  sharp  and  fr 
of  color  fringes  where  white  light  illumination  is  employed  ai 
in  addition  renders  the  colorless  boundary  line  exactly  coincide 
in  position  with  the  sodium  line — that  is,  the  reading  obtain 
with  white  light  furnishes  the  refractive  index,  «d,  for  sodiu 

^Although  any  suitable  refractometer  may  be  used  for  maki 
dry'  substance-Baume  determinations  of  starch  conversi 
products,  the  authors  have  preferred  the  Zeiss  sugar  ty'pe  1 
cause  of  the  ease  of  cleaning  and  charging  of  samples.  T 
instrument  is  rugged  and  has  been  used  in  many'  factories  a.- 
control  instrument.  , 

The  range  of  the  scale  extends  from  71d  1.300  to  Wd  1-540,  wh 
the  percentage  readings  range  from  0  to  95%.  The  percents 
scale  is  divided  into  fifths  per  cent  from  0  to  50  Vo  and  into  tent 
from  50%  upwards.  The  refractive  index  scale  reads  to  the  thi 
decimal  direct,  while  the  fourth  decimal  is  estimated. 

The  constancy  and  precision  of  the  refractometer  were  check 
periodically.  Distilled  water  and  the  test  block  supplied  by  t 
manufacturer  for  this  particular  instrument  were^ employed 
20.0°  C.  For  temperatures  above  and  below  20°  C.,  distil 
water  was  used  and  the  refractive  index  thus  obtained  compai 
to  the  value  given  in  the  International  Critical  Tables.  Dun 
the  past  six  years,  the  refractometer  was  found  to  check  and 
any  case  did  not  deviate  more  than  one  in  the  fourth  place  fr< 
these  known  refractive  indices,  which  was  deemed  within  1 
tolerance  of  experimental  procedure. 

Temperature.  Refractive  index  values  were  obtained  at  13.' 
20.0°,  25.0°,  33.0°,  37.0°,  45.0°,  and  50.0°  C.  on  the  same  samp 
used  for  dry  substance,  Baume,  and  specific  gravity'.  bam 
handling  has  been  described  in  detail  in  previous  papers  (3, 

The  question  of  what  refractometer  temperature  to  use  as 
standard  for  the  heavy'  commercial  corn  sirups  (Baume  o 
40°)  was  given  considerable  attention.  The  temperature  cho: 
was  45°  C.  based  on  the  following  considerations: 

1.  Speed  in  transfer  and  closing  of  the  prisms  is  essent 
The  thick  viscous  corn  sirups  present  difficulties.  Howei 
their  viscosities  decrease  sharply  with  increasing  temperat 
(«?)  and  the  proportional  decrease  is  very  small  above  43.33 

(110° F.).  „  ,  , 

2.  Most  corn  products  and  candy  factory  laboratories 

come  warm  in  the  summertime  and  those  in  the  midwest  of 
attain  temperatures  of  100°  F.  or  more.  The  relative  humidit 
also  high.  If  the  refractometer  temperature  is  less  than  n 
temperature,  there  is  a  tendency  for  the  prisms  to  fog. 
condensed  moisture  hinders  the  reading  and  also  effect'-  a  a 
tion  of  the  sample  (7, 8).  .  .  f 

3.  The  refractometer  is  already  in  use  in  many  candy  facto 

as  an  instrument  to  measure  the  degree  of  cooking  of  starch  je 
and  the  temperature  used  is  generally  45°  C.  Therefore  4o 
enables  such  plants  to  measure  the  refractive  index  of  corn  si 
with  existing  temperature  control  (1).  ....  , 

Numerous  studies  were  made  to  determine  it  any  change 
place  in  the  sample  when  maintained  at  45°  C.  The  met 
usually  employed  was  to  introduce  a  sample  at  a  low  temp 
ture  and  obtain  a  series  of  readings.  The  temperature  was  t 
elevated  to  45°  or  50°  C.  and  held  there  for  periods  up  to  sev 
hours  while  readings  were  taken  at  intervals.  The  bath 
cooled  down  to  the  original  temperature  and  another  serie 
index  readings  was  taken  at  intervals.  The  results  at  the 
temperature  were  found  to  be  constant  and  the  leadings  a 
low  temperatures  before  and  after  heating  checked  pi  ec  u 
Hence  it  was  concluded  that  the  use  of  the  retractomete 
45°  C.  resulted  in  no  loss  of  precision  if  the  transfer  of  the  sai 
to  the  refractometer  and  the  closing  of  the  prisms  were  cai 

out  with  dispatch.  .  , 

Procedure.  The  method  of  applying  the  sirups  to  tnc 
fractometer  is  important  and  practice  is  the  best  direc 
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Table  I.  Dry  Substance-Refractive  Index 

20.00°  C.  45.00°  C. 

Dextrose  Equivalent  and  Ash  Dextrose  Equivalent  and  Ash 

Dry  42.00  55.00  89.00  90.7  42.00  55.00  89  00  90~7 

.bstance  0.28%  0.30%  0.61%  1.22%  0.28%  0.30%  0.61%  1.22% 


0.00  1.3330  1.3330 
1.00  1.3344  1.3344 
2.00  1.3359  1.3359 
3.00  1.3374  1.3374 
4.00  1.3389  1.3389 
5.00  1.3404  1.3404 
6.00  1.3419  1.3419 
7.00  1.3435  1.3435 
8.00  1.3450  1.3450 
9.00  1.3466  1.3466 


10.00 

1.3482 

1 . 3482 

11.00 

1.3498 

1 . 3497 

12.00 

1.3514 

1.3513 

13.00 

1.3531 

1.3530 

14.00 

1.3547 

1.3546 

15.00 

1.3563 

1.3562 

16.00 

1.3580 

1.3579 

B7.00 

1.3597 

1.3595 

18.00 

1.3614 

1.3612 

19.00 

1.3632 

1.3629 

M0. 00 

1.3649 

1.3646 

«  21.00 

1.3666 

1.3663 

22.00 

1 . 3684 

1.3681 

.23.00 

1.3701 

1.3698 

'24.00 

1.3719 

1.3716 

1,25.00 

1.3737 

1.3733 

26.00 

1.3755 

1.3751 

|!7.00 

1.3774 

1.3769 

28.00 

1.3792 

1.3788 

■29 . 00 

1.3811 

1.3806 

lo.oo 

1 . 3829 

1.3824 

,1.00 

1.3848 

1.3843 

-  22.00 

1.3867 

1 . 3862 

‘  :3 . 00 

1.3886 

1.3880 

■24.00 

1.3906 

1.3899 

(■25.00 

1 . 3925 

1.3919 

»  6.00 

1.3945 

1.3938 

7.00 

1.3964 

1.3957 

8.00 

1.3984 

1.3977 

9.00 

1.4004 

1.3997 

1.3330 

1.3330 

1 . 3298 

1.3344 

1 . 3344 

1.3312 

1.3359 

1.3359 

1.3327 

1.3373 

1.3374 

1.3341 

1.3388 

1.3388 

1.3356 

1 . 3403 

1 . 3403 

1.3371 

1.3418 

1.3418 

1.3386 

1.3433 

1.3433 

1.3401 

1.3448 

1.3448 

1.3416 

1.3463 

1.3464 

1.3432 

1.3479 

1.3479 

1 . 3447 

1 . 3494 

1 . 3495 

1.3463 

1.3510 

1.3510 

1 . 3479 

1 . 3526 

1.3526 

1.3495 

1.3542 

1.3542 

1.3511 

1.3558 

1.3558 

1.3527 

1.3574 

1.3574 

1.3544 

1.3590 

1.3590 

1.3560 

1.3606 

1.3607 

1.3576 

1.3623 

1.3623 

1.3593 

1.3640 

1.3640 

1.3610 

1.3656 

1.3656 

1.3627 

1.3673 

1.3673 

1.3645 

1.3690 

1.3690 

1.3662 

1.3707 

1.3707 

1.3680 

1.3725 

1.3725 

1.3698 

1.3742 

1 . 3742 

1.3715 

1.3759 

1.3759 

1.3733 

1.3777 

1.3777 

1.3751 

1.3794 

1.3794 

1.3770 

1.3812 

1.3812 

1.3788 

1.3830 

1.3830 

1 . 3806 

1.3848 

1 . 3848 

1.3825 

1.3866 

1.3866 

1 . 3844 

1.3885 

1.3885 

1.3863 

1.3903 

1 . 3903 

1.3882 

1.3922 

1.3921 

1.3901 

1.3941 

1 . 3940 

1.3921 

1 . 3959 

1.3959 

1.3940 

1.3978 

1.3978 

1.3960 

1.3298 

1 . 3298 

1.3298 

1.3312 

1.3312 

1.3312 

1.3327 

1.3326 

1.3326 

1.3341 

1.3340 

1.3340 

1.3356 

1.3355 

1.3355 

1.3371 

1.3369 

1.3369 

1 . 3386 

1.3384 

1.3384 

1.3401 

1.3399 

1 . 3399 

1.3416 

1.3414 

1.3414 

1.3431 

1.3429 

1.3429 

1 . 3447 

1.3444 

1.3444 

1.3462 

1.3459 

1.3459 

1.3478 

1.3475 

1 . 3475 

1.3494 

1.3490 

1.3490 

1.3510 

1 . 3506 

1.3506 

1.3526 

1.3521 

1.3521 

1.3542 

1.3537 

1.3537 

1.3558 

1.3553 

1.3553 

1.3575 

1.3569 

1.3569 

1.3592 

1 . 3585 

1.3585 

1.3608 

1.3602 

1.3602 

1.3625 

1.3618 

1.3618 

1 . 3642 

1.3635 

1.3635 

1.3659 

1.3652 

1.3652 

1.3677 

1.3669 

1.3668 

1.3694 

1.3686 

1.3685 

1.3712 

1.3703 

1.3602 

1.3729 

1.3720 

1.3719 

1.3747 

1.3737 

1.3737 

1.3765 

1.3754 

1.3755 

1.3783 

1.3772 

1.3773 

1.3802 

1.3789 

1.3790 

1.3820 

1.3807 

1.3808 

1.3839 

1.3826 

1.3826 

1.3857 

1 . 3844 

1.3844 

1.3876 

1.3862 

1.3863 

1.3895 

1.3880 

1.3881 

1.3914 

1.3899 

1.3899 

1.3934 

1.3917 

1.3918 

1 . 3953 

1.3936 

1.3937 

Experience  has  been  that  dilute  sirups  up  to  35°  Be. 
may  be  applied  best  by  means  of  a  dropping  pipet  con¬ 
trolled  by  a  rubber  bulb  and  that  for  Baum6s  above  35  °, 
the  sirup  can  be  applied  most  conveniently  by  glass  rods 
with  fire-polished  ends.  • 

The  procedure  followed  in  obtaining  a  series  of  re¬ 
fractive  indices  over  a  temperature  range  was  as  follows : 

After  a  satisfactory  transfer  of  the  sample,  the  read¬ 
ings  were  commonly  taken  by  lowering  the  bath  tempera¬ 
ture  to  the  lowest  point  and  working  upward.  The  bath 
was  equipped  with  electrical  heating  coils  and  a  steam 
inlet.  Readings  were  made  only  after  the  precision 
thermometer  on  the  refractometer  had  shown  a  constant 
reading  for  at  least  5  minutes.  In  many  instances,  ob¬ 
servations  were  continued  for  long  periods  to  establish 
whether  or  not  the  earlier  reading  coincided  with  the 
latter,  thus  establishing  equilibrium  in  the  sirup  or 
eliminating  the  possibility  of  mutarotation.  Each  sam¬ 
ple  was  subjected  to  a  series  of  transfers  until  succes¬ 
sive  readings  agreed  exactly  in  the  fourth  place.  The 
transfers  were  made  at  room  temperature  or  slightly 
higher,  and  the  refractometer  was  adjusted  to  the  de¬ 
sired  temperature  by  the  circulating  water  from  the 
bath.  It  was  found  particularly  advisable  to  transfer 
the  lighter  samples  at  room  temperature  or  slightly' 
higher,  for  if  the  circulating  water  is  much  below  room 
temperature,  the  open  prisms  tend  to  fog  by  condensa¬ 
tion  of  atmospheric  moisture. 

If  it  is  desired  to  obtain  refractive  indices  on  heavy 
Baume  corn  sirup  at  temperatures  below  45°  C.,  spe¬ 
cial  precautions  must  be  followed  in  handling  the  re¬ 
fractometer.  The  sirup  should  be  applied  warm  and 
then  cooled  to  the  desired  temperature.  After  the  re¬ 
fractive  index  has  been  obtained,  the  prisms  must  be 
warmed  before  attempting  their  release.  The  seal  of 
the  prisms  with  heavy'  corn  sirup  at  low  temperatures 
is  so  great  that  they  may  be  seriously  damaged  if  a  cold 
separation  is  attempted. 


METHOD  OF  PLOTTING  GRAPHS 


0.00 

1.4024 

1.4016 

1 . 3997 

1.00 

1.4044 

1 . 4036 

1.4016 

1,2.00 

1.4065 

1.4057 

1.4036 

3.00 

1 . 4086 

1.4077 

1 . 4055 

4.00 

1.4107 

1.4097 

1.4074 

5.00 

1.4128 

1.4118 

1.4094 

6.00 

1.4149 

1.4139 

1.4114 

7.00 

1.4170 

1.4160 

1.4134 

'8.00 

1.4192 

1.4181 

1.4154 

9.00 

1.4213 

1.4202 

1.4174 

0.00 

1.4235 

1.4224 

1.4195 

1.00 

1.4257 

1.4245 

1.4215 

’2.00 

1.4279 

1.4267 

1.4236 

3.00 

1.4301 

1.4288 

1.4256 

4.00 

1.4324 

1.4310 

1.4278 

5.00 

1.4346 

1.4333 

1.4299 

6.00 

1.4369 

1.4355 

1.4320 

7.00 

1 . 4392 

1.4378 

1.4341 

8.00 

1.4415 

1.4400 

1.4363 

9.00 

1.4438 

1.4423 

1.4384 

0.00 

1.4462 

1.4446 

1.4406 

1.00 

1.4486 

1.4469 

1.4428 

2.00 

1.4510 

1.4493 

1 . 4450 

3-00 

1.4534 

1.4516 

1.4473 

U.oo 

1.4558 

1.4540 

1 . 4495 

5.00 

1.4582 

1.4564 

1.4518 

■6.00 

1.4607 

1 . 4588 

1.4540 

17.00 

1.4631 

1.4612 

1.4563 

8.00 

1.4656 

1.4637 

1.4587 

19.00 

1.4681 

1.4662 

1.4610 

0.00 

1.4707 

1.4687 

1.4633 

1.00 

1.4733 

1.4712 

1.4657 

2.00 

1.4759 

1.4737 

1.4681 

3.00 

1.4785 

1.4762 

1.4705 

4.00 

1.4811 

1.4788 

1.4729 

5.00 

1 . 4837 

1.4814 

1.4754 

5.00 

1.4863 

1.4839 

1.4778 

7.00 

1.4890 

1.4865 

1 . 4802 

3.00 

1.4917 

1.4892 

1.4827 

1.00 

1.4944 

1.4918 

1.4852 

0.00 

1.4971 

1.4944 

1.4876 

l  .00 

1.4998 

1.4971 

1.4901 

2.00 

1.5026 

1.4998 

1.4927 

i.00 

1 .5054 

1.5025 

1.4953 

4.00 

1.5082 

1.5053 

1.4978 

5.00 

1.5110 

1.5080 

1 . 5004 

5.00 

1.5138 

1.5108 

1 . 5030 

7.00 

1.5166 

1 .5135 

1 . 5056 

3.00 

1.5195 

1.5163 

1 . 5083 

0.00 

1 . 5224 

1.5191 

1.5109 

>.00 

1.5252 

1.5219 

1.5136 

1.3997 

1.3980 

1.3973 

1.3955 

1.4016 

1.4000 

1.3993 

1.3974 

1.4035 

1.4020 

1.4012 

1 . 3993 

1.4055 

1.4041 

1.4032 

1.4012 

1.4074 

1.4061 

1.4053 

1.4031 

1.4094 

1 . 4082 

1.4073 

1.4051 

1.4113 

1.4103 

1.4093 

1.4071 

1.4133 

1.4124 

1.4114 

1 . 4090 

1.4154 

1.4145 

1.4135 

1.4110 

1.4174 

1.4167 

1.4156 

1.4131 

1.4195 

1.4189 

1.4177 

1.4151 

1.4215 

1.4210 

1.4199 

1.4171 

1.4235 

1.4232 

1.4220 

1.4192 

1.4256 

1.4254 

1.4242, 

1.4212 

1.4277 

1.4276 

1.4264 

1 . 4233 

1.4298 

1.4298 

1.4286 

1.4254 

1.4320 

1.4321 

1.4308 

1.4275 

1.4341 

1.4344 

1.4331 

1.4296 

1.4362 

1.4367 

1.4354 

1.4318 

1.4384 

1.4390 

1.4376 

1.4339 

1 . 4406 

1.4413 

1.4399 

1.4361 

1.4428 

1.4437 

1.4422 

1.4383 

1.4450 

1.4461 

1.4446 

1.4405 

1.4473 

1.4485 

1.4469 

1 . 4427 

1.4495 

1 . 4509 

1.4493 

1.4449 

1.4518 

1 . 4534 

1.4517 

1.4471 

1.4540 

1.4558 

1.4541 

1 . 4494 

1.4563 

1.4583 

1.4565 

1.4517 

1.4587 

1.4608 

1 . 4589 

1.4540 

1.4610 

1.4633 

1.4614 

1 . 4563 

1.4633 

1.4658 

1.4639 

1.4587 

1.4657 

1.4683 

1.4663 

1.4610 

1.4681 

1.4709 

1.4688 

1.4634 

1.4705 

1.4735 

1.4714 

1.4657 

1.4729 

1.4761 

1 . 4740 

1.4681 

1.4753 

1.4787 

1.4765 

1.4706 

1.4778 

1.4813 

1.4791 

1.4730 

1 . 4802 

1.4840 

1.4816 

1.4754 

1 . 4827 

1.4867 

1.4843 

1.4778 

1 . 4852 

1 . 4895 

1.4869 

1 . 4803 

1.4877 

1.4922 

1.4896 

1.4828 

1.4902 

1.4949 

1 . 4922 

1.4853 

1.4927 

1.4976 

1.4949 

1.4878 

1.4953 

1 . 5004 

1.4975 

1 . 4903 

1.4979 

1.5031 

1 . 5002 

1.4929 

1 . 5005 

1.5059 

1 . 5030 

1.4955 

1.5031 

1 . 5087 

1 . 5058 

1.4981 

1 .5057 

1.5115 

1 . 5085 

1 . 5008 

1 . 5083 

1.5143 

1.5113 

1.5034 

1.5110 

1.5172 

1.5140 

1 . 5060 

1.5136 

1 . 5202 

1.5167 

1 . 5087 

1.3955 
1 . 3974 
1.3993 
1.4011 
1.4032 
1.4051 
1.4071 
1.4091 
1.4111 
1.4131 

1.4151 

1.4171 

1.4192 

1.4212 

1.4233 

1.4254 

1.4275 

1.4296 

1.4317 

1.4339 

1.4361 
1 . 4383 
1.4405 
1.4427 
1.4450 
1.4472 
1.4495 
1.4518 
1.4541 
1.4564 


The  average  number  of  refractive  index-dry  substance 
determinations  for  the  four  sirups — 42.00,  55.00,  89.00, 
and  90.7  D.E. — was  nineteen.  Preliminary  plotting  had 
shown  that  the  temperature  differential  in  the  range  18° 
to  50°  C.  could  be  considered  a  linear  function  for  con¬ 
centrations  above  14%  dry  substance.  For  concen¬ 
trations  below  14%  dry  substance,  the  temperature 
relationship  deviated  from  a  linear  function  and  ap¬ 
proached  that  of  water,  with  which  it  coincided  at  zero 
dry  substance.  Consequently,  these  four  sirups  were 
used  for  the  master  graphs  at  two  temperatures:  20° 
and  45°  C.  The  method  of  plotting  was  that  of  D.E. 
vs.  factors  (-5).  The  factors  for  each  experimental  dry 
substance  were  obtained  as  follows: 

For  20  °  C  •  Qbsei'ved  refractive  index  — 1,3330 
dry  substance 

yi  ,  _  o  r,  Observed  refractive  index  —  1 . 3298 

F°r4°  C‘:  - dry  substance - 


1.4587 
1.4610 
1.4633 
1.4657 
1 . 4680 
1.4704 
1.4728 
1.4753 
1 . 4778 
1.4802 

1.4827 
1.4852 
1 . 4878 
1.4904 
1.4929 
1.4955 
1.4981 
1.5007 
1.5033 
1.5059 

1  5088 


The  factors  obtained  ranged  between  0.01300  and 
0.02000.  The  graph  obtained  used  dry  substance  as 
the  ordinate,  each  millimeter  equaling  0.10%  D.S.,  and 
factors  as  the  abscissas,  each  millimeter  equaling  0.00002 
factor  value.  The  points  were  located  on  the  graph 
paper  by  means  of  a  hand  lens  and  marked  with  the 
fine  point  of  a  drawing  compass.  The  resulting  curve 
drawn  through  the  points  in  each  case  was  of  small, 
uniform  curvature.  From  the  four  master  curves, 
factor  values  were  obtained  for  each  dry  substance 
and  the  refractive  index  was  computed  for  these 
data. 

The  calculated  values,  when  compared  to  the  ex¬ 
perimental  data,  gave  the  following  results  for  each 
curve:  Approximately  45%  of  comparative  values 
were  identical;  approximately  40%  differed  by'  0.0001 
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refractive  index,  this  difference  being  equally  divided  bet  w  een 
plus  and  minus  values;  approximately  10%  differed  by  0.0002 
refractive  index,  again  equally  divided  between  plus  and  minus 
values:  the  remainder  differed  by  0.0003  to  0.0004  and  were 
confined  to  the  high  dry  substances  range  of  84  to  88%.  Sirups 
of  this  dry  substance  are  very  viscous  and  the  experimental 
technique  is  very  difficult  for  the  refractometer,  Baume,  and 
moisture  determinations.  Several  independent  tests  were  al¬ 
ways  made  at  this  range  of  dry  substance  in  an  attempt  to  “tie 
down”  the  refractive  index-dry  substance  relationship,  TVith 
ordinary  plotting — i.e.,  refractive  index  vs.  dry  substance — it 
was  difficult  to  distinguish  valid  data  and  the  trend.  The  method 
of  factors  vs.  dry  substance  clearly  distinguished  the  valid  data 
and  defined  the  trend  of  the  curve. 

The  resulting  refractive  index-dry  substance  data  for  the  dry 
substance  range  of  0  to  90%and  at  temperaturesof  20°  and  45  f  . 
appear  in  Table  I. 


Table  II.  Increase  in  Refractive  Index  Caused  by  0.61%  Added 

Ash 


This  was  pure  coincidence,  for  the  refractive  index  decrease 
with  increasing  dextrose  equivalent  and  increases  with  increasin; 
ash.  However,  if  both  sugar  sirups  are  reduced  to  an  ash-fre 
dextrose  equivalent  basis,  and  recalculation  made  for  the  89.0 
D.E.,  0.61%  ash,  to  place  it  on  the  same  dextrose  equivalen 
basis  as  the  90.7  D.E.,  1.22%  ash,  this  calculated  sugar  woul 
have  the  values  91.2  D.E.,  ash  0.61%.  The  refractive  inde 
of  such  sugar  values  can  be  obtained  easily  for  all  dry  substanr 
values  shown  above.  The  refractive  index-dry  substance  valut 
for  this  sugar  in  comparison  to  the  values  for  the  sugar  siru 
90.8  D.E.,  ash  1.22%,  immediately  measures  the  effect  of  0.61 c 
ash  for  all  dry  substance  values  between  0  and  90%.  A  tab 
for  a  sugar  sirup  of  91.2  D.E.,  ash  0.61%,  has  been  construct? 
and  the  effect  of  ash  content  of  0.61%, .on  the  refractive  index 
given  in  Table  II- 

Since  these  data  record  the  effect  of  one  ash  value  for  a  con 
plete  range  of  dry  substance,  it  is  at  once  apparent  that  a  con 
plete  set  of  ash  corrections  can  be  prepared  with  reasonable  pr 
cision  if  at  least  one  cross  plot  of  ash  effect  can  be  obtained  for 
high  dry  substance  value.  This  is  based  on  the  assumption  th 
the  effect  of  ash  is  independent  of  the  dextrose  equivalent  of  tl 


Dry  Substance 


Refractive  Index  at  45°  C. 


sirup. 


0.00 

0.0000 

10.00 

0 . 00005 

20.00 

0.00010 

30.00 

0.00015 

40.00 

0.00020 

50.00 

0.00025 

60.00 

0 . 00030 

70.00 

0.00035 

80.00 

0 . 00040 

90.00 

0.00045 

REFRACTIVE  INDEX-DRY  SUBSTANCE-DEXTROSE  EQUIVALENT 
RELATIONSHIP 


A  regular  corn  sirup  was  chosen  to  determine  the  effect  of  a 
(sodium  chloride)  because  of  ease  of  moisture  determination  f 
and  these  former  data  may  be  consulted  for  the  exact  procedui 
Briefly,  a  corn  sirup  substantially  ash-free  was  prepared  ai 
salt  was  added  to  the  sirup  in  increasing  amounts.  Two  cu 
eentrations  were  so  chosen  that  values  above  and  below  the  c 
sired  constant  dry  substance  were  obtained  with  the  correspon 
ing  refractive  indices.  A  straight  line  cross  plot  for  a  fixed  d 
substance  value  wTas  made  in  terms  of  refractive  index.  T 
values  for  a  76.34  D.S.  sirup  with  increasing  salt  additions  f 
given  in  Table  III. 


As  stated 
42.00,  55.00, 
(  ash  content 

V  D.E. 


earlier,  the  ash  contents  of  the  three  sirups 
and  89.00  D.E.  were  essentially  proportional 

=  AT )  to  the  dextrose  equivalent  and  any  variation 


of  the  ash  from  this  norm  was  less  than  the  experimental  error 
in  measurement  on  a  four-place  refractometer.  To  obtain  the 
effect  of  the  dextrose  equivalent  on  the  refractive  index,  the 
values  for  the  refractive  index-dry  substance  for  these  three  sirups 
were  plotted  in  the  following  manner: 


REFRACTIVE  INDEX-COMMERCIAL  BAUME 

Corn  sirup  is  sold  on  a  Baume  basis.  This  test  requires  spec- 
skill  if  reliable  data  are  to  be  obtained.  Therefore,  a  table  givi 
the  refractive  index-commercial  Baumd  relationship  is  e\ 
more  important  from  the  standpoint  of  commerce  than  the 


Table  III.  Increase  in  Refractive  Index  with  Increasing  Asl 


Refractive  index  was  used  for  the  ordinates,  each  millimeter 
equaling  0.0002,  and  dextrose  equivalent  for  the  abscissas,  each 
millimeter  equaling  0.20.  Thus  a  cross  plot  of  the  three  values 
would  give  the  refractive  index-dry  substance  relationship  for 
a  given  dry  substance  value.  The  curve  through  the  three  points 
was  found  to  be  a  straight  line  which  did  not  deviate  more  than 
0.0001  in  refractive  index  values  within  the  experimental  limita¬ 
tions  of  the  refractometer  and  the  mechanics  of  plotting.  The 
line  for  each  dextrose  equivalent  was  ex¬ 
trapolated  to  30.00  and  92.00  D.E.  From  _ 

t  hese  data,  the  refractive  indices  for  a  32.8 
1  ).E.  sirup  were  calculated  for  high  dry  sub¬ 
stance  values  and  compared  to  the  experi¬ 
mental  refractive  index  for  the  same  sirup. 

The  results  wrere  the  same  in  most  cases, 
with  a  deviation  not  greater  than  0.0001 
refractive  index  at  any  chosen  value,  again 
within  the  limitations  of  the  refractometer 


(76.34  D.S.  sirup,  refractive  index  at  45°  C.) 

Ash-Dry  Substance  Basis  Increase  in  Refractive  Index 

0  00  0 • 00000 
Too 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 


0.00042 
0 . 00086 
0.00130 
0.00174 
0.00218 
0.00250 
0.00268 
0.00274 


Table  IV.  Commercial  Baume— Refractive  Index 

(Refractive  indices  of  corn  sirups  and  corn  sugar  sirups  of  various  commercial  Baum4  values 


BS. 


30.00 

0.28 


35.00 

0.28 


Dextrose  Equivalent-Ash 


42.00 

0.28 


45.00 

0.28 


50.00 

0.30 


55.00 

0.30 


60.00 

0.30 


Refractive  Index  at  45.00°  C. 


65.00 

0.30 


82.00 

0.41 


81 

0 


and  the  graph  paper.  The  same  was  true 
for  the  interpolated  refractive  index  for  83.4 
D.E.  as  compared  to  the  experimental  values. 
'The  facts  indicate  that  the  refractive  index- 
dry  substance-dextrose  equivalent  relation¬ 
ship  can  be  obtained  for  any  desired  dextrose 
equivalent  from  these  curves. 


40.00 

1.4774 

1.4773 

1.4771 

1.4770 

41.00 

1.4825 

1 . 4824 

1.4822 

1.4821 

42.00 

1.4878 

1.4877 

1.4875 

1.4874 

43.00 

1.4933 

1.4931 

1.4929 

1 .4928 

44.00 

1.4986 

1.4985 

1 . 4983 

1 . 4982 

45.00 

1.5041 

1 . 5040 

1.5038 

1 . 5037 

46.00 

1 . 5098 

1 . 5097 

1 . 5095 

1 . 5094 

47.00 

1 . 5155 

1.5154 

1.5152 

1.5151 

Refractive 


1.4769 

1.4768 

1.4767 

1.4766 

1.4762 

1.4 

1  4820 

1 . 4820 

1.4818 

1.4817 

1.4813 

1.4 

1  4873 

1 . 4873 

1.4871 

1.4869 

1.4865 

1.4 

1.4927 

1.4926 

1.4924 

1.4923 

1.4919 

1.4 

1.4981 

1.4980 

1.4978 

1.4977 

1.4973 

1 .4 

1.5036 

1.5036 

1.5034 

1 . 5033 

1.5029 

l.i 

1.5093 

1 . 5092 

1 . 5090 

1 . 5089 

1 . 5085 

1 . ' 

1.5150 

1 . 5149 

1.5148 

1.5147 

1 . 5143 

1.1 

Index  at  20.00°  C. 


EFFECT  OF  ASH 

The  ash  in  starch  conversion  products  is 
largely  sodium  chloride  (5).  In  Table  I  es¬ 
sentially  identical  values  for  refractive  index 
were  obtained  for  the  sugar  sirups  89.00 
D.E.,  ash  0.61%  and  90.7  D.E.,  ash  1.22%. 


40.00 
41.00 
42.00 
43.00 
44 . 00 
45.00 
46.00 
47.00 


1.4825 

1.4824 

1.4821 

1.4820 

1.4819 

1.4876 

1.4875 

1.4872 

1.4871 

1 . 4870 

1  .4928 

1.4927 

1 . 4925 

1.4924 

1.4923 

1.4981 

1.4980 

1.4978 

1.4977 

1.4976 

1 . 5037 

1.5035 

1 . 5033 

1 . 5032 

1.5031 

1 . 5093 

1 . 5092 

1 . 5089 

1 . 5088 

1 . 5087 

1.5148 

1.5147 

1 . 5145 

1.5144 

1.5143 

1 . 5208 

1 . 5206 

1 . 5204 

1 . 5203 

1 . 5202 

1.4818 
1.4869 
1.4921 
1.4975 
1 . 5030 
1 . 5086 
1.5142 
1.5201 


1.4817 
1.4868 
1.4920 
1.4973 
1 . 5029 
1 . 5084 
1.5141 
1 . 5200 


1.4815 

1.4810 

1 

1.4866 

1 . 4862 

1 

1.4918 

1.4913 

1 

1.4971 

1.4967 

1 

1 . 5027 

1.5022 

1 

1 . 5082 

1 . 5077 

1 

1.5139 

1.5135 

1 

1.5198 

1.5193 

1 

.arch, 
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active  index-dry  substance  table.  Such  a  table  was  con- 
fucted  by  the  following  procedure: 

■  The  refractive  index  was  obtained  at  two  temperatures, 
:.00°  and  45.00°  C.,  for  the  dry  substance  corresponding  to  the 
immercial  Baumes  40  to  47  according  to  the  accepted  values 
(■  this  relationship  (5).  The  three  master  graphs,  42.00,  55.00, 
:d  89.00  D.E.,  were  employed.  These  data  were  plotted  on 
i  Ilimeter  paper  employing  refractive  index  as  the  ordinate, 
i  'll  millimeter  equaling  0.0002  refractive  index,  and  as  abscissae 
4?  dextrose  equivalent,  each  millimeter  equaling  0.10  I).E. 
Lius  each  set  of  points  represented  (me  Baume  and  a  straight  line 
vs  found  to  be  the  best  curve  through  these  points.  The  devi- 
lon  of  points  from  the  straight  line  was  not  greater  than  0.0001 
tractive  index— i.e.,  within  the  limits  of  the  refractometer  and 
U“  graph  paper.  The  curve  was  extrapolated  to  30. (X)  and 
1  00  D.E.  The  extrapolated  values  for  32.8  D.E.  were  either 
lial  to  or  not  greater  than  0.0001  refractive  index  from  the 
oeriinental  values  for  the  sirup,  as  were  also  the  interpolated 
(lues  for  the  83.4  D.E.  sugar  sirup.  From  the  graph  of  these 
ues,  tables  of  refractive  index-commercial  Baume  for  a  range 
dextrose  equivalents  have  been  calculated  (Table  IV).  A 
umn  of  values  is  also  given  for  the  corn  sugar  sirup — 90.7 
K.,  1.22%  ash — which,  because  of  its  ash  content,  is  not  cov- 
jd  by  the  above  method  of  graphing  but  is  of  interest  because 
h  a  corn  sugar  sirup  is  typical  of  that  required  for  an  “80” 
;ar. 


SUMMARY 


the  refractive  index  of  starch  conversion  products  decreases 
h  increasing  dextrose  equivalent.  The  effect  of  ash  (sodium 
pride)  is  to  increase  the  refractive  index.  The  decrease  of 


refractive  index  with  increasing  dextrose  equivalent  is  propor¬ 
tional  to  the  increase  in  dextrose  equivalent  if  the  ash  content 
of  the  products  is  also  proportional  to  the  dextrose  equivalent. 

The  temperature-refractive  index  relationship  is  linear  within 
the  range  18°  to  45°  C.  when  the  concentration  exceeds  14%  dry 
substance  and  within  the  limits  of  precision  of  a  four-place  in¬ 
strument. 

Tables  are  presented  covering  the  refractive  index-dry  sub¬ 
stance  relationship  for  starch  conversion  products  typical  of 
commerce,  and  refractive  index-commercial  Baume  for  typical 
commercial  products  of  varying  dextrose  equivalents. 
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Determination  of  Zinc  in 

A.  S.  MICELI  AND  I.  O.  LARSON,  Motor  Products 

!tIE  large  number  of  papers  on  the  determination  of  zinc 
which  have  appeared  during  the  past  8  years  attest  to  the 
lespread  need  for  rapid  and  reliable  analytical  procedures  for 
•  determination.  Of  the  many  methods  available  for  the  de- 
■uination  of  zinc,  only  two  appear  to  meet  the  demands 
■Led  on  control  methods.  A  control  method  does  not  long  sur- 
unless  it  is  inherently  reliable,  rapid,  and  inexpensive.  The 
t'  methods  found  to  possess  these  qualities  are:  (1)  the  ferro- 
i.’  aide  titration  using  diphenylbenzidine  as  internal  indicator 
.“with  ferric  ion  held  in  solution  as  the  pyrophosphate  complex 
4  and  (2)  electrodeposition  (5).  Where  electrolytic  equipment 
ifurgely  tied  up  by  copper  determinations,  the  determination  of 
!)•  by  ferrocyanide  titration  is  designated.  The  application  of 
al  method  to  cyanide  brass-plating  solutions  is  discussed  be- 
l  The  application  of  the  electrolytic  determination  of  zinc 
be  discussed  in  a  later  paper.  Recently  (4)  the  polarograph 
!  been  successfully  employed  for  determination  of  the  copper- 
!'  ratio  of  electrodeposited  brass.  The  authors  do  not  as  yet 
>rt  its  use  in  the  determination  of  copper  and  zinc  in  the 
(s-plating  bath. 

PROCEDURE 

entrifuge  until  clear  a  portion  of  the  cyanide  brass-plating 
tion  to  be  analyzed,  pipet  10  ml.  into  a  180-ml.  electrolytic 
ier,  add  dropwise  10  ml.  of  concentrated  hydrochloric  acid, 
heat  until  clear.  If  the  solution  is  not  heated  until  clear, 
ferrocyanides  initially  precipitated  by  the  acid  will  not  com¬ 
ely  redissolve  in  the  next  step.  Cool  and  carefully  add  7  ml. 
mixture  consisting  of  3  volumes  of  concentrated  nitric  acid 
2  volumes  of  concentrated  sulfuric  acid.  Evaporate  to  sulfur 
dde  fumes,  finally  heating  over  an  open  flame  to  cause  copious 
ing.  This  step  appears  essential  to  assure  complete  destruc- 
i  of  ferrocyanides  and  of  organic  matter.  Cool  the  residual 
3t  salts,  wash  the  beaker  sides,  add  1  ml.  of  1  to  1  nitric  acid, 
remove  copper  by  electrodeposition. 

fter  the  removal  of  copper,  add  3  drops  of  5%  ammonium 


Cyanide  Brass-Plating  Baths 

Development  Laboratory,  U.  S.  Rubber  Company,  Detroit,  Mich. 

persulfate  solution  to  oxidize  any  ferrous  iron  to  the  ferric  state. 
Evaporate  to  25  ml.  to  destroy  excess  persulfate.  Cool,  rinse 
beaker  walls,  add  2  grams  of  sodium  pyrophosphate  to  form  the 
ferric  iron  complex,  and  finally,  5  ml.  of  concentrated  ammonia. 
At  this  point  the  solution  should  be  alkaline.  If  not,  make  just 
alkaline  to  phenolphthalein.  Neutralize  the  solution  with  1  to  1 
sulfuric  acid  and  then  add  6  ml.  in  excess.  Warm  the  solution  to 
40°  to  45°  C.  At  this  stage  commence  vigorous  mechanical  agi¬ 
tation  of  the  solution.  This  is  essential  for  the  rapid  response  of 
the  indicator  to  ferrocyanide  additions.  Add  3  drops  of  1%  di¬ 
phenylbenzidine  in  sirupy  phosphoric  acid  and  3  drops  of  0.2% 
potassium  ferricyanide.  The  latter  addition  causes  the  formation 
of  the  violet  oxidation  product  of  diphenylbenzidine.  Titrate  to 
a  permanent  end  point,  using  a  0.025  molar  solution  of  potassium 
ferrocyanide  containing  0.3  gram  of  potassium  ferricyanide  per 
liter.  The  ferricyanide  in  the  titrating  solution  is  essential  for 
obtaining  reproducible  results  and  for  maintaining  good  indi¬ 
cator  reactivity. 

LIMITATIONS  AND  ERRORS 

The  successful  functioning  of  the  internal  indicator  requires 
careful  control  of  the  solution  composition.  However,  the  de¬ 
termination  is  not  subject  to  all  the  limitations  cited  in  the  litera¬ 
ture.  Nitrates  can  be  present  to  the  extent  of  0.5  ml.  of  con¬ 
centrated  nitric  acid  per  50  ml.  of  solution.  This  makes  readily 
possible  the  use  of  small  amounts  of  nitric  acid  as  cathode  de¬ 
polarizer  in  the  electrodeposition  of  copper.  The  indicator  func¬ 
tions  properly  in  a  solution  containing  4.5  grams  of  ammonium 
sulfate,  6  ml.  of  1  to  1  sulfuric  acid,  and  at  least  20  mg.  of  zinc 
ion  per  50  ml.  of  solution.  These  proportions  must  be  main¬ 
tained  in  order  to  preserve  the  sensitivity  of  the  indicator. 
Samples  containing  less  than  20  mg.  of  zinc  ion  may  require  the 
addition  of  known  amounts  of  standard  zinc  chloride  solution 
prepared  from  metallic  zinc. 

To  determine  the  effect  of  extraneous  substances  in  concen¬ 
trations  higher  than  those  encountered  in  the  analysis  of  a  typical 
plating  solution,  a  standard  zinc  chloride  solution  was  used. 
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Table  I.  Effect  of  Extraneous  Substances  on  Diphenylbenzidine 

End  Point 


Ml.  of  0.025  M 
Potassium 

Substance  (Plus  Blank)  Ferrocyanide 

Blank  (21.6  mg.  of  Zn  +  +  in  8.85 

approximately  50  ml.  of 
Boln.) 

10  mg.  of  Pb  +  +  8.85 

10  mg.  of  As  +  +  +  8.85 

10  mg.  of  Sb  +  +  +  8.85 

10  mg.  of  Sn  +  +  8.85 

10  mg.  of  Al  +  +  +  8.85 


20  mg.  of  Fe  +  +  +  8.85 

(as  pyrophosphate  complex) 

40  mg.  of  Fe  +  +  +  8.85 

(as  pyrophosphate  complex) 

60  mg.  ofFe  +  +  +  8.85 

(as  pyrophosphate  complex) 

10  mg.  of  Ni++  15.05 


10  mg.  of  Th  + 

10  mg.  of  Mg  +  + 

10  mg.  of  Ca4"1- 
10  mg.  of  SiOs-- 
20  mg.  of  SiC>3 
4  ml.  of  1  to  1  HNOs 
2.5  ml.  of  1  to  1  HNO3 
1.3  ml.  of  1  to  1  HNC>3 
10  mg.  of  Durodex  cleaner® 

10  mg.  of  Magnus  cleaner  *>  . 

10  mg.  of  gelatin 
10  mg.  of  thioglycol 
10  mg.  of  acid  pickling  inhibi¬ 
tor®  1 
2 
3 


8.85 

8.85 

8.85 

8.85 

8.85 

9.15 

8.90 

8.85 

8.85 

8.80 

8.85 


Effect  on  Indicator 
Color  Change 

Yellow-green  end  point 
color  change 


No  effect 
No  effect 
No  effect 
No  effect 

Slightly  slower  color 
change 

Blue-green  end  point 

Blue-green  end  point 

Blue-green  end  point 

(Ni  precipitated  as  the 
ferrocyanide) 

No  effect 
No  effect 
No  effect 
No  effect 
Color  change  slow 
No  change 
No  change 
No  change 

Color  change  less  sharp 
Color  change  less  sharp 
No  effect 

No  color  or  end  point 

No  color  or  end  point 
No  color  or  end  point 
No  color  or  end  point 


®  An  alkaline  cleaner  with  about  10%  silicate  and  0.5%  phosphate. 
i>  Similar  to  Durodex  but  containing  a  small  amount  of  soap. 
c  The  three  types  of  inhibitors  used  are  thought  to  be: 

1,  a  piperidine  derivative. 

2,  a  sulfonated  primary  or  secondary  aromatic  amine. 

3,  an  aldehyde-aromatic  amine  reaction  product. 


Each  titration  sample  was  prepared  by  pipetting  10  ml.  of  stand¬ 
ard  zinc  chloride  solution  into  a  180-ml.  electrolytic  beaker,  add¬ 
ing  4  grams  of  ammonium  sulfate,  6  ml.  of  1  to  1  sulfuric  acid,  and 
finally  the  extraneous  material  to  be  tested.  The  resulting  solu¬ 
tion  was  diluted  to  50  ml.,  heated  to  45  °  C.,  and  titrated  with  the 
ferrocyanide  solution. 

A  common  source  of  indicator  trouble  arises  from  the  presence 
of  small  amounts  of  surface-active  organic  matter  in  the  solution. 
Reference  to  Table  I  shows  that  such  material  is  capable  of  pre¬ 
venting  completely  the  formation  of  the  colored  form  of  the  indi¬ 
cator  and  must  as  a  consequence  be  destroyed  before  proceeding 
to  the  zinc  titration.  Certain  common  inorganic  ions  in  con¬ 
centrations  as  high  as  0.2  mg.  per  ml.  of  solution  do  not  interfere 
significantly  with  the  titration.  The  end  point  is  unaffected  and 
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the  color  change  remains  sharp,  though  slight  changes  in  hue  may 
result.  A  silicate-ion  concentration  above  0.5  mg.  per  ml.  renders 
the  color  change  slow  and  less  distinct.  In  the  absence  of  iror 
the  end  point  color  is  yellow-green;  in  the  presence  of  iron,  blue- 
green.  A  few  trials  with  solutions  of  known  zinc  content  wil 
familiarize  the  analyst  with  the  various  stages  of  the  color  change: 
before  and  at  the  end  point.  However,  a  few  hints  will  aid  ( 3 ). 

With  the  initial  addition  of  3  drops  of  ferricyanide,  a  viole 
color  should  develop.  Lack  of  color  at  this  point  indicates  seriou 
divergence  from  the  suggested  procedure.  A  new  sample  is  indi 
cated.  With  the  addition  of  0.025  molar  potassium  ferrocyanid' 
(containing  0.3  gram  of  potassium  ferricyanide  per  liter),  th 
initial  violet  changes  to  blue.  As  the  titration  proceeds,  the  blu 
color  fades  to  a  light  shade  of  blue.  At  a  few  milliliters  from  th 
end  point,  this  light  blue  will  change  through  blue-green,  the: 
yellow-green,  and  finally  attains  a  light  violet  color.  The  colo 
transitions  obtained  following  the  light  blue  stage  depend  on  th 
rate  at  which  ferrocyanide  is  added,  on  the  temperature,  and  0 
the  rate  of  stirring.  Some  stages  in  the  color  change  may  no 
appear.  The  color  at  about  2  ml.  from  the  end  point  should,  how 
ever,  be  violet.  Enough  time  must  be  allowed  for  the  develo[ 
ment  of  the  violet  complex,  which  at  40 0  to  45 0  C.  is  a  very  sens 
tive  and  mobile  indicator. 

If  sufficient  time  is  allowed  for  its  development  after  each  ii 
crement  of  ferrocyanide,  the  end  point  can  be  approached  wit 
certainty  and  precision.  The  titration  requires  5  to  10  minute 
Starting  with  clear  bath  solution,  the  determination  of  bot 
copper  and  zinc  requires  an  average  of  1.5  hours.  A  distini 
advantage  of  the  suggested  procedure  is  that  no  transfers  ai 
required,  the  analysis  being  started  and  finished  in  the  san 
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Determination  of  Sesamin 
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A  method  for  the  quantitative  determination  of  sesamin  in  sesame 
oil  is  based  upon  measurement  of  the  greenish-yellow  color  pro¬ 
duced  by  sesamin  when  it  is  allowed  to  react  with  a  mixture  of  per¬ 
chloric  acid  and  hydrogen  peroxide. 

SESAME  oil,  a  vegetable  oil  extensively  used  in  Europe  and 
Asia  for  culinary  purposes,  has  commanded  but  little  at¬ 
tention  in  this  country,  and  the  number  of  published  American 
investigations  (7)  on  it  is  small.  In  a  large  measure  this  is 
probably  because  it  is  an  imported  oil  and  is  not  an  important 
article  of  our  commerce. 

In  1940  Eagleson  {1,3)  showed  that  the  toxicity  to  house¬ 
flies  of  a  kerosene  solution  of  pyrethrins  was  considerably  in¬ 
creased  by  the  addition  of  a  small  amount  of  sesame  oil.  The  oil 


alone  in  kerosene  was  without  effect  and  was  the  only  one  of 
animal  and  vegetable  oils  tested  {2)  that  produced  synergis 
By  fractional  distillations  of  sesame  oil  Haller  et  al.  {5)  show 
that  the  principle  responsible  for  this  synergistic  effect  is  sesam 
one  of  the  components  of  the  nonsaponifiable  fraction  and 
characteristic  constituent  of  the  oil.  Sesamin  is  a  substitu1 
bicyclodihydrofuran  and  is  not  very  reactive  chemically, 
can  also  be  removed  from  the  oil  by  extraction  with  90%  act 
acid,  or  by  adsorption  ( 6 )  on  charcoal  or  clay,  from  which  it  ( 
be  removed  by  elution  with  suitable  solvents. 

Besides  sesamin,  sesame  oil  contains  sesamolin,  which 
treatment  with  mineral  acid  yields  sesamol,  a  phenol.  T 
compound  is  responsible  for  several  of  the  color  tests  (8, 
used  to  identify  sesame  oil.  Its  value  as  a  synergist  with  p> 
thrum  is  not  known. 
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MILLIGRAMS  OF  SESAMIN  PER  MILLILITER  IN  DEOBASE  SOLUTION 


Figure  1.  Standard  Reference  Graph 


With  the  curtailment  of  pyrethrum  imports  due  to  the  war, 
i  discovery  that  sesame  oil  containing  sesamin  could  save 
rt  of  the  pyrethrins  in  insectidical  compositions  has  assumed 
isiderable  importance.  The  addition  of  5%  of  sesame  oil 
a  solution  of  pyrethrins  in  kerosene  (2)  or  dichlorodifluoro- 
thane  (4)  saves  about  50%  of  pyrethrum. 

To  be  effective  as  a  synergist  with  pyrethrum,  sesame  oil 
ist  contain  sesamin,  but  the  minimum  quantity  needed  has 
yet  been  determined  because  the  sesamin  content  is  variable, 
i  no  quantitative  method  has  been  proposed  for  its  detection 
1  estimation.  Whether  the  variability  is  due  to  variation 
the  seed  or  to  removal  of  more  or  less  of  the  sesamin  in  the 
■cess  of  refining  the  oil  also  remains  to  be  determined. 

This  paper  proposes  a  method  for  the  determination  of  ses- 
a  in,  based  upon  the  observation  that  a  mixture  of  perchloric 
ai  and  hydrogen  peroxide  gives  a  greenish-yellow  color  with 
vegetable  oil  containing  sesamin.  The  color  persists  for 
|liut  6  minutes  and  this  allows  ample  time  for  measurement. 
/  :urve  is  established,  from  which  the  sesamin  content  of  un- 
k)wn  solutions  is  read  directly,  by  measuring  the  color  pro- 
d  ;ed  by  standard  solutions  of  pure  sesamin  dissolved  in  sesamin- 
ft;  sesame  oil.  The  color  is  measured  in  this  laboratory  in  an 
iinco  photoelectric  photometer  employing  a  No.  46  blue  filter 
tical  centroid  at  about  460  millimicrons)  and  water  as  a  blank 
balance  the  photometer  at  100%  transmission.  (Formation 
nubbles  of  oxygen,' after  10  to  15  minutes,  in  reagent-refined 
:  osene  mixture  precludes  its  repeated  use  as  the  blank.) 
E  carrying  out  the  following  procedure  for  preparing  the 

Cndards  and  the  reagent  and  for  developing  the  color,  it  is 
eved  that  reasonably  accurate  results  may  be  obtained. 


PROCEDURE 


’reparation  of  Reagent.  Caution  must  be  exercised 
! handling  the  following  reagents,  since  they  are  extremely 
rosive.  Add,  with  shaking,  2  ml.  of  30%  hydrogen  peroxide 
f  mi.  of  70  to  72%  perchloric  acid  maintained  at  15°  to  20°  C. 
lixture  that  is  prepared  below  10°  C.  gives  erratic  transmission 
aes.  This  amount  of  reagent  suffices  for  one  reading  only. 
”  reagent  must  be  made  up  fresh  for  each  reading  not  more 
n  10  minutes  before  use.  If  allowed  to  stand  longer,  it 
nzes  rapidly  and  also  gives  erratic  values. 
reparation  of  Standard  Solutions.  The  sesamin-free 
#ime  oil  used  in  the  standard  solutions  is  prepared  by  dis- 
JtTng  100  grams  of  sesame  oil  in  100  ml.  of  petroleum  ether 
!>•  30°  to  60°  C.)  and  extracting  it  in  a  separatory  funnel 
»ut  six  tunes  with  20-ml.  portions  of  90%  acetic  acid,  or  until 
list  portion  of  the  oil  shows  no  color  in  the  reagent  described 
live.  The  petroleum  ether  solution  of  the  oil  is  washed  free 
,J  lC>d  with  water  and  then  dried  over  sodium  sulfate.  The  oil 


is  recovered  in  97%  yield  by  removing  the  solvent  completely 
under  reduced  pressure. 

The  pure  sesamin  used  in  the  standard  solutions  may  be  ob¬ 
tained  by  washing  the  combined  acetic  acid  extracts  once  with 
25  ml.  of  petroleum  ether  and  then  removing  almost  all  the 
acetic  acid  under  reduced  pressure,  at  15  to  20  mm.,  60°  to  80°  C. 
The  residue  crystallizes  when  5  to  10  ml.  of  hot  95%  ethanol  are 
added.  The  sesamin  is  filtered  from  the  cold  solution  and  puri¬ 
fied  by  several  recrystallizations  from  ethanol.  The  sesamin 
used  in  these  determinations  melted  at  121-122°  C.  (corrected). 
All  samples  of  refined  sesame  oil  tested  in  this  laboratory  were 
found  by  acetic  acid  extraction  to  contain  approximately  1% 
of  sesamin  by  weight. 

One  hundred  milligrams  of  pure  sesamin,  ground  in  a  mortar 
to  a  fine  powder,  are  made  up  to  10  grams  with  the  sesamin- 
free  sesame  oil  and  dissolved  with  slight  wanning.  Aliquots 
of  1000,  750,  500,  250,  and  100  mg.  of  this  solution  are  made 
up  to  10  ml.  with  refined  kerosene  in  separate  volumetric  flasks. 
(In  these  experiments  the  kerosene  used  was  Deobase.)  These 
standard  sesame  oil  solutions  therefore  contain  1.00,  0.75,  0.50, 
0.25,  and  0.10  mg.  of  sesamin  per  ml.,  respectively. 

Development  and  Measurement  of  Color.  One  milli¬ 
liter  of  the  standard  solution  is  pipetted  into  a  small,  dry  centri¬ 
fuge  tube.  The  6  ml.  of  freshly  prepared  reagent  are  added,  and 
the  tube  is  closed  quickly  with  a  clean,  tight-fitting  rubber  stop¬ 
per.  After  being  shaken  vigorously  for  30  seconds,  the  tube  is 
centrifuged  for  2  minutes  to  clear  the  resulting  emulsion,  and 
then  the  contents  are  carefully  poured  into  a  clean,  dry  photom¬ 
eter  test  tube.  The  aqueous  layer,  at  the  bottom  of  the  tube, 
shows  a  color  ranging  from  faint  yellow  to  dark  greenish  yellow, 
depending  upon  the  amount  of  sesamin  present.  The  color  is 
measured  in  the  photometer  exactly  5  minutes  after  the  reagent 
is  added.  The  procedure  is  repeated  on  each  of  the  other 
standard  solutions.  As  shown  in  Figure  1,  the  results  are  plotted 
on  semilogarithmic  paper  as  per  cent  transmission  against  con¬ 
centration  of  sesamin,  providing  a  standard  graph  for  reference 
of  all  analyses  made  on  the  same  instrument  with  the  same 
reagents. 

To  determine  the  sesamin  content  of  a  sample  of  unknown 
oil,  usually  500  mg.  of  oil  are  diluted  to  10  ml.  with  refined  kero¬ 
sene.  The  500-mg.  sample  is  ideal  for  any  oil  containing  from 
0.25  to  1.75%  of  sesamin. 

It  is  probably  best  to  keep  the  transmission  readings  between 
80  and  28%  by  adjustment,  if  necessary,  of  the  size  of  sample 
taken.  A  1-ml.  aliquot  of  this  solution  is  pipetted  into  a  dry 
centrifuge  tube  and  the  procedure  outlined  above  for  develop¬ 
ing  the  color  in  the  standard  solutions  is  followed  exactly.  The 
percentage  of  light  transmission  is  measured  in  the  photometer 
and  is  referred  to  the  standard  graph.  The  concentration  of 
sesamin  contained  in  the  aliquot  of  the  kerosene  solution  is 
read  from  the  standard  graph,  and  the  percentage  of  sesamin  in 
the  unknown  oil  is  calculated  as  follows: 


Per  cent  of  sesamin 


concentration  of  sesamin  X  10 
milligrams  of  unknown  oil 


X  100 


PRECISION  OF  METHOD 

• 

The  curve  shown  in  Figure  1  is  drawn  through  6  points,  each 
of  which  is  the  average  of  10  measurements.  The  standard 
deviations  of  the  transmission  readings  tended  to  increase  with  the 
readings  themselves,  the  largest  deviation,  ±2.5%,  occurring 
at  65%  transmission.  Allowance  for  this  trend  and  for  the 
curvature  of  the  standard  line  indicates  that  the  standard 
error  of  the  final  result  is  practically  constant,  and  that  it  amounts 
to  about  ±0.05%  of  sesamin  when  the  result  of  a  single  deter¬ 
mination  on  an  unknown  is  read  from  a  curve  established  from 
10  replicates. 

LITERATURE  CITED 

(1)  Eagleson,  C.,  Soap,  16  (7),  96-9,  117  (1940). 

(2)  Ibid.,  18  (12),  125  (1942). 

(3)  Eagleson,  C.,  U.  S.  Patent  2,202,145  (May  28,  1940). 

(4)  Goodhue,  L.  D.,  Ind.  Eng.  Chem.,  34,  1456-9  (1942). 

(5)  Haller,  H.  L.,  McGovran,  E.  R.,  Goodhue,  L.  D.,  and  Sullivan, 

W.  N.,  J.  Org.  Chem.,  7,  183-4  (1942). 

(6)  Honig,  P.,  Chem.  Weekblad,  22,  509-12  (1925). 

(7)  Jamieson,  G.  S.,  “Vegetable  Fats  and  Oils”,  A.C.S.  Monograph, 

pp.  210-14,  New  York,  Reinhold  Publishing  Corp.,  1932. 

(8)  Kreis,  H.,  Chem.-Ztg.,  27,  1030  (1903). 

(9)  Malagnini,  G.,  and  Armanni,  G.,  Ibid.,  31,  884  (1907);  Rend. 

soc.  chim.  Roma,  5,  133  (1907). 


Determination  of  Camphor  and  Alcohol  in  Spirit  of 
Camphor  by  Refractive  Index  and  Specific  Gravity 
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College  of  Pharmacy,  University  of  Colorado,  Boulder,  Colo. 


IN  EARLIER  investigations  the  authors  accomplished  the 
analysis  of  spirit  of  camphor  by  means  of  2,4-dinitrophenyl- 
hydrazine  (1)  and  the  optical  activity  of  camphor  (.2).  The 
method  presented  here  uses  the  two  physical  constants,  re¬ 
fractive  index  and  specific  gravity,  and  is  applicable  to  synthetic 
camphor  as  well  as  the  natural  product. 

Schoorl  ( 8 )  and  Weber  U)  used  physical  constants  for  the 
analvsis  of  spirit  of  camphor  official  in  the  Dutch  and  German 
Pharmacopoeias,  respectively.  However,  their  works  are 
not  applicable  to  analysis  of  the  United  States  Pharmacopoeial 
product  because  the  preparations  in  the  Dutch  and  German 
Pharmacopoeias  contain  10%  (by  weight)  camphor  and  about 
60%  (by  weight)  alcohol.  The  composition  of  those  spirits 
therefore  varies  considerably  from  that,  of  the  U.S.P.  product. 

EXPERIMENTAL 

Samples  of  camphor  were  obtained  from  widely  different 
sources  over  a  period  of  10  years.  Each  sample  was  purified  at 
least  twice  by  sublimation.  The  first  10%  and  the  last  5% 

of  the  sample  were  rejected  each  time. 

Several  solutions  containing  varying  percentages  of  camphor 
and  of  alcohol  were  prepared  from  each  sample.^  The  solutions 
studied  were  made  to  contain  from  7.5  to  11.5%  (weight  to 
volume)  camphor  and  from  70  to  90%  (by  volume)  alcohol 
by  the  method  described  in  a  previous  communication  (2). 

The  refractive  indices  of  the  solutions  were  determined  at 
20°  C.  with  a  Valentine,  Abbe-type  refractometer  and  the 
specific  gravities  were  determined  with  a  25-cc.  pycnometer  at 

20720°  C.  .  , 

From  the  refractive  indices  and  the  specific  gravities  of  about 
100  solutions  a  chart  (Figure  1)  was  constructed  in  which  the 
ordinates  represent  the  refractive  indices  and  the  abscissas  rep¬ 
resent  the  specific  gravities.  By  connecting  the  points  as 


1  Present  address,  University  of  Washington,  College  of  Pharmacy, 
Seattle  5,  Wash. 


plotted,  several  four-sided  figures  were  formed  and  divided  ii 
smaller  units  in  order  to  facilitate  the  use  of  the  chart.  Grea 
accuracy  can  be  obtained  with  an  enlarged  chart  with  additio; 
subdivisions.  The  more  nearly  horizontal  lines  repies< 
camphor  percentages  from  7.5  to  11.5  and  the  more  nea 
vertical  lines  represent  alcohol  percentages  from  70  to  90. 


Table  I.  Analysis  of  Natural  Camphor 


Refrac¬ 

Camphor 

Alcohol 

Camphor 

Alcohol 

tive 

Specific 

Deter¬ 

Vari¬ 

Deter¬ 

V 

Present 

Present 

Index 

Gravity 

mined 

ation 

mined 

at 

% 

% 

% 

% 

% 

7.50 

70.00 

1.3719 

0 . 8780 

7.50 

0.00 

70.00 

7.50 

87.93 

1.3715 

0 . 8237 

7.41 

-0.09 

87.80 

-( 

7.50 

90.00 

1.3708 

0.8153 

7.49 

-0.01 

89.97 

-( 

7.75 

80.00 

1.3726 

0.8503 

7.60 

-0.15 

79.75 

— 

7.85 

77.00 

1 . 3727 

0 . 8580 

7.75 

-0.10 

77.08 

+( 

7.92 

73.00 

1.3726 

0 . 8695 

7.90 

-0.02 

73.08 

+< 

8.00 

86.00 

1.3724 

0.8297 

7.99 

-0.01 

85.94 

-( 

8.75 

78.00 

1.3738 

0.8538 

8.74 

-0.01 

78.05 

+< 

8.80 

74.00 

1.3736 

0 . 8658 

8.72 

-0.08 

73.98 

-( 

8.90 

80.00 

1.3739 

0.8479 

8.87 

-0.03 

80.00 

9.00 

88.00 

1.3726 

0.8194 

9.05 

+  0.05 

88.00 

9.35 

82.50 

1 . 3742 

0.8388 

9.38 

+  0.03 

82.47 

— 

9.40 

83.00 

1.3743 

0 . 8365 

9.58 

+0.18 

83.19 

+ 

9.75 

87.50 

1.3732 

0.8199 

9.64 

-0.11 

87.52 

+ 

9.80 

85.00 

1.3743 

0 . 8300 

9.92 

+  0.12 

84.87 

— 

10.00 

70.00 

1.3747 

0.8751 

10.05 

+  0.05 

69.97 

— 

10.00 

74.00 

1.3750 

0 . 8640 

9.94 

-0.06 

74.00 

10.00 

80.00 

1.3751 

0 . 8467 

10.00 

0.00 

79.90 

— 

10.00 

80.00 

1.3751 

0 . 8465 

10.00 

0.00 

79.89 

— 

10.00 

80.50 

1.3750 

0 . 8440 

9.97 

-0.03 

80.64 

-f 

10.00 

85.31 

1.3742 

0 . 8285 

9.93 

-0.07 

85.28 

— 

10.00 

85.31 

1.3743 

0.8280 

10.06 

+0.06 

85 . 30 

— 

10.00 

85.31 

1 . 3743 

0 . 8287 

10.03 

+  0.03 

85.20 

— 

10.00 

85.31 

1.3744 

0 . 8286 

10.11 

+0.11 

85.12 

— 

10.00 

86.00 

1.3740 

0 . 8250 

10.02 

+0.02 

86.06 

+ 

10.20 

83.00 

1 . 3749 

0 . 8364 

10.13 

-0.07 

82.84 

— 

10.60 

76.00 

1.3757 

0.8572 

10.46 

-0.14 

76.20 

+ 

10.90 

82.00 

1.3756 

0.8375 

10.77 

-0.13 

82.12 

+ 

11.00 

75.00 

1 .3764 

0 . 8601 

11.10 

+0.10 

74.85 

— 

11.00 

84.00 

1.3754 

0 . 8300 

10.96 

-0.04 

84.20 

+ 

11 . 10 

87.00 

1.3746 

0.8188 

11.09 

-0.01 

86.86 

- 

11.50 

70.00 

1.3764 

0 . 8730 

11.58 

+  0.08 

70.00 

11.50 

85.00 

1.3758 

0 . 8257 

11.55 

+  0.05 

85. 11 

4- 

/.3770 


13760 


1.3750 


1 


1.3740 


7.3730 


*v: 

* 


73720 


1.37/0 


1.3700 


0.6/00  0.8200  06300  0.8400  03500  0.6600  0.6700  0.8800 

Specific  Gravity  (lo/io*) 

Figure  1.  Determination  of  Camphor  and  Alcohol 


The  chart  was  used  for  the  analysis  of  s 
pies  of  spirit  of  camphor  of  known  comj 
tion.  The  refractive  index  and  specific  gra 
of  each  solution  were  determined.  The  poii 
intersection  on  the  chart,  found  from  these 
constants  was  located  by  reference  to  the 
spective  ordinate  and  abscissa.  From  this  p 
of  intersection  the  percentage  of  alcohol  was 
termined  by  following  along  the  nearly  ver 
lines  from  the  point  of  intersection  to  the  oul 
of  the  four-sided  figure,  either  top  or  bob 
The  percentage  of  camphor  was  determinet 
following  the  nearly  horizontal  lines  to  the 
side,  either  right  or  left.  For  example,  the 
tractive  index  of  1.3740  and  the  specific  gra 
of  0.8500  may  be  selected.  After  the  poir 
intersection  has  been  found,  the  alcohol 
tent  may  be  read  as  79.29%  and  the  cam 
content  as  8.92%. 

Thirty-three  samples  of  spirit  of  na 
camphor  of  known  composition  were  anal 
by  use  of  a  chart  similar  to  Figure  1;  th< 
suits  are  given  in  Table  I.  The  deterrr 
values  are  in  accord  with  the  theoretical  va 
The  camphor  content  shows  variations 
—0.15  to  +0.18%  and  the  alcohol  content 
-0.25  to  +0.20%. 

Since  synthetic  camphor  is  now  used 
considerable  extent,  several  samples  of  : 
were  prepared  with  the  synthetic  prodmt 
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Table  II.  Analysis  of  Synthetic  Camphor 


Cara- 


phor 

Refrac¬ 

Camphor 

Alcohol 

Pres¬ 

Alcohol 

tive 

Specific 

Deter¬ 

Vari¬ 

Deter¬ 

Vari¬ 

ent 

Present 

Index 

Gravity 

mined 

ation 

mined 

ation 

% 

% 

% 

% 

% 

% 

10.00 

85.56 

1.3741 

0 . 8275 

9.92 

-0.08 

85.50 

-0.06 

10.00 

85.56 

1.3742 

0.8279 

9.98 

-0.02 

85.35 

-0.21 

10.00 

85.56 

1.3741 

0.8277 

9.90 

-0.10 

85.48 

-0.08 

10.15 

77.00 

1 . 3754 

0.8549 

10.15 

0.00 

77.00 

0.00 

10 . 00 

85.56 

1 . 3743 

0.8278 

10.08 

+0.08 

85.34 

-0.22 

10.40 

84.00 

1 . 3749 

0.8321 

10.33 

-0.07 

83.88 

-0.12 

9.70 

79.00 

1.3749 

0.8501 

9.75 

+0.05 

78.91 

-0.09 

10.00 

85.56 

1 . 3742 

0.8278 

9.98 

-0.02 

85.43 

-0.13 

10.00 

86.00 

1.3741 

0.8250 

10.03 

+  0.03 

85.94 

-0.06 

9.30 

84.00 

1.3739 

0.8341 

9.31 

+0.01 

83.98 

-0.02 

10.00 

85.54 

1.3744 

0 . 8277 

10.17 

+  0.17 

85.33 

-0.21 

11.10 

81.00 

1.3763 

0 . 8405 

11.22 

+0.12 

80.93 

-0.07 

8.00 

80.00 

1.3730 

0.8486 

8.00 

0.00 

80.15 

+  0.15 

10.00 

85.56 

1.3742 

0.8277 

10.00 

0.00 

85.45 

-0.11 

10.90 

80.00 

1 . 3760 

0 . 8447 

10.85 

-0.05 

80.00 

0.00 

10.00 

85.40 

1.3743 

0 . 8284 

10.03 

+  0.03 

85.18 

-0.22 

10.00 

80.00 

1.3751 

0.8467 

10.00 

0.00 

79.90 

-0.10 

10.50 

85.60 

1.3746 

0 . 8250 

10.54 

+  0.04 

85.70 

+0.10 

10.00 

85.40 

1.3742 

0 . 8286 

9.91 

-0.09 

85.20 

-0.20 

10.00 

86.00 

1.3741 

0 . 8250 

10.07 

+0.07 

85 . 97 

-0.03 

9.70 

79.00 

1.3749 

0.8501 

9.75 

+  0.05 

78.91 

-0.09 

10.00 

85.40 

1.3742 

0 . 8286 

9.91 

-0.09 

85.20 

-0.20 

10 . 50 

85.60 

1 . 3745 

0 . 8250 

10.45 

-0.05 

85.77 

+  0.17 

9.70 

79.00 

1.3750 

0 . 8500 

9.82 

+  0.12 

78.78 

-0.22 

lected  from  eight  different  sources;  Table  II  shows  the  re¬ 
sults  of  the  analyses.  Again  these  are  in  accord  with  the 
theoretical  values. 

SUMMARY 

A  chart  has  been  constructed  from  which  the  percentages 
of  alcohol  and  camphor  in  spirit  of  camphor  may  be  deter¬ 
mined  when  the  refractive  index  and  specific  gravity  of  the 
spirit  are  known.  Analyses  of  different  samples  of  spirit  of 
camphor,  whether  prepared  from  natural  or  synthetic  camphor, 
by  the  proposed  method  show  close  agreement  with  the  theoretical 
values. 
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colorimetric  procedure  for  the  determination  of  aluminum,  calcu- 
•  d  and  represented  as  aluminum  trioxide  and  involving  the  forma- 
i  of  the  red  complex  by  the  interaction  of  the  aluminon  reagent 
i  the  aluminum  ion,  has  been  developed  to  meet  the  special  re- 
rements  in  the  rapid  analysis  of  leach  liquors  in  pilot-plant 
nations.  The  factors  influencing  color  intensities  have  been 
istigated  and  the  requisite  techniques  for  a  precision  and  an 
uracy  of  a  control  character  are  described.  Employing  these 
iniques  in  the  analysis  of  an  aliquot  of  the  leach  liquor,  precision 
accuracy  studies  as  applied  to  ordinary  and  refined  laboratory 
iniques  have  been  made  on  typical  analytical  data.  Statistical 
zoning  based  on  the  standard  deviation  is  applied  to  the  acquired 
i.  Applying  ordinary  laboratory  techniques,  the  average  pre- 
on,  measured  by  the  average  deviation  of  the  single  results  from 
mean,  is  of  the  order  of  1  %  or  1 0  parts  per  1 000,  while  the  over- 
iccuracy  is  of  the  order  of  1  to  3%. 

IUMEROUS  literature  references  (7,  8,  12)  and  recently 
published  books  (3,  6,  17)  describe  in  detail  the  procedures 
jived  in  colorimetric  determinations.  Although  the  colori¬ 
fic  method  has  been  used  for  the  rapid  estimation  of  small 
ntities  of  many  inorganic  substances,  not  a  great  deal  of  em- 
sis  has  been  placed  on  the  precision  and  accuracy  that  might 
■xpected  in  its  use  as  an  analytical  control  method.  In  quality 
trol  work,  speed  is  so  essential  that  precision  and  accuracy 
often  sacrificed;  however,  since  intelligent  conclusions  in 
it  operations  have  to  be  based  on  the  analytical  data,  it  is 
■ntial  to  ascertain  the  precision  and  accuracy  of  the  control 
hods. 

lecent  investigations  in  this  laboratory  have  been  concerned 
i  the  colorimetric  procedures  involving  aluminum,  titanium, 
on,  and  sodium.  The  procedures  are,  for  the  most  part, 
ptations  of  previously  published  methods;  however,  as  a 


matter  of  convenience,  deviations  from  standard  procedures  are 
necessarily  made  from  time  to  time,  and  the  subsequent  effects  of 
the  variables  on  precision  and  accuracy  are  briefly  considered. 
Statistical  reasoning  based  on  the  standard  deviation  is  applied 
to  the  acquired  data  ( 1 ).  The  purpose  of  this  investigation  is 
therefore  twofold:  to  describe  satisfactory  laboratory  techniques 
in  colorimetric  procedures  as  applied  to  aluminum  and  to  evalu¬ 
ate  the  precision  and  accuracy  that  might  be  expected  in  routine 
analyses. 

The  usual  procedure  in  the  colorimetric  determination  of  alu¬ 
minum  involves  the  formation  of  the  red  complex  by  the  interac¬ 
tion  of  the  ammonium  salt  of  aurin  tricarboxylic  acid  (aluminon) 
and  the  aluminum  ion  in  a  carefully  buffered  solution  (3).  In 
the  investigation  of  aluminum  in  plants,  Winter,  Thrun,  and 
Bird  (1.5)  conclude  that  maximum  color  is  obtained  in  the  pres¬ 
ence  of  10%  ammonium  acetate  when  the  solution  is  maintained 
at  a  temperature  of  80°  C.  for  10  minutes  and  pH  4  (approxi¬ 
mately).  In  the  presence  of  25  ml.  of  both  ammonium  acetate 
and  ammonium  chloride,  they  find  that  the  dye  changes  color 
at  about  pH  7.  Roller  (10)  states  that  the  red  color  which  alumi¬ 
num  ion  gives  with  aurin  tricarboxylic  acid  is  much  more  sensi¬ 
tive  if  made  at  about  pH  6.3  instead  of  in  alkaline  solutions  as 
recommended  by  Yoe  and  Hill  (16).  The  latter  authors,  inves¬ 
tigating  the  procedure  under  different  experimental  conditions, 
cite  five  factors  that  affect  the  test  for  aluminum  with  aluminon: 
time,  temperature,  volume,  concentration,  and  the  presence  of 
other  ions.  Lampitt,  Sylvester,  and  Belham  (5)  suggest  the  use 
of  glycerol  to  stabilize  the  lake  formed.  Thrun  (13)  has  investi¬ 
gated  the  use  of  protective  colloids  in  colorimetric  determination 
of  certain  metals  as  lakes  of  dyes  and  recommends  the  use  of  a  gum 
arabic  solution  to  keep  the  aluminum  lake  of  aurin  tricarboxylic 
acid  in  solution. 

The  colorimetric  method  presented  here  for  the  determination 
of  aluminum,  calculated  and  represented  as  aluminum  trioxide, 
has  been  developed  at  this  station  to  meet  the  special  require¬ 
ments  in  the  rapid  analysis  of  leach  liquors  in  pilot-plant  opera¬ 
tions.  The  sample  taken  for  analysis  must  be  free  from  inter- 
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Table  I.  Colorimeter  Readings 

(0.04  mg.  of  AliOs) 

Reading 


Test  Tube 

No.  1 

No.  2 

Average 

1 

185 

185 

185 

2 

185 

185 

185 

3 

185 

186 

186 

4 

184 

186 

185 

5° 

161 

166 

164 

laa 

173 

168 

170 

2a° 

159 

157 

158 

3a° 

183 

178 

181 

4a“ 

158 

158 

158 

5a° 

163 

163 

163 

lb 

187 

186 

187 

2b 

183 

186 

185 

3b 

184 

187 

186 

4b 

184 

187 

186 

5b 

185 

187 

186 

0  Old  test  tubes; 

previous  history  unknown. 

fering  ions,  which  include  ferric  iron,  beryllium,  and  chromium, 
since  these  form  a  lake  similar  to  that  formed  by  aluminum.  Cer¬ 
tain  variations  may  be  introduced  to  eliminate  these  interfer¬ 
ences.  Chromium  lake,  for  instance,  in  acetate  solution  is  rap¬ 
idly  decomposed  by  the  addition  of  ammonia  and  ammonium 
carbonate  (6).  Several  procedures  may  be  followed  for  eliminat¬ 
ing  interfering  iron  (4,  9).  Phosphate,  if  present  in  appreciable 
quantities,  prevents  the  formation  of  aluminum  lakes. 

ANALYTICAL  PROCEDURE 

Reagents.  Composite  Solution.  Dissolve  154  grams  of 
ammonium  acetate,  5  ml.  of  concentrated  hydrochloric  acid, 
0.400  gram  of  ammonium  salt  of  aurin  tricarboxylic  acid  and  1 
gram  of  gum  arabic  in  water,  and  dilute  to  1000  ml.  Dissolve 
each  reagent  in  a  minimum  quantity  of  distilled  water,  and  add 
the  ingredients  of  the  composite  in  the  order  named.  The  alu- 
minon  reagent,  weighed  out  to  the  nearest  milligram,  dissolves 
readily  in  cold  water.  To  make  accurate  dilutions,  the  solution 
of  gum  arabic  must  be  cautiously  added;  otherwise  persisting 
foams  will  greatly  alter  the  liquid  level.  The  composite  solution 
deteriorates  with  age,  especially  when  exposed  to  the  light;  it 
therefore,  must  be  protected  from  light  when  stored. 

Standard  Aluminum  Solution.  Dissolve  4.74  grams  of  alu- 
minm  chloride  hexahydrate  in  1000  ml.  of  water  (1  ml.  =  1  mg. 
of  aluminum  trioxide)  and  standardize  gravimetrically  (2). 

Working  Standard.  Dilute  5  ml.  of  the  standard  to  500  ml. 
(1  ml.  =  0.01  mg.  of  aluminum  trioxide). 

Procedure.  Discharge  an  aliquot  of  the  previously  diluted  and 
acidified  leach  liquor  (10  ml.  of  liquor  and  approximately  15  ml. 
of  concentrated  hydrochloric  acid  in  250  ml.) ,  of  an  amount  esti¬ 
mated  to  contain  0.01  to  0.06  mg.  of  aluminum  trioxide,  into  a 
25-ml.  calibrated  blood-sugar  test  tube  by  means  of  a  pipet,  add 
distilled  water  to  the  12.5-ml.  mark,  and  thoroughly  mix  the  con¬ 
tents.  Add  10  ml.  of  the  composite  solution  by  means  of  an  au¬ 
tomatic  pipet  and  sufficient  water  to  bring  the  meniscus  to  the 
25-ml.  mark.  Mix  the  contents  of  the  tube  well  and  place  in  a 
boiling  water  bath  for  precisely  10  minutes.  Cool  the  tube  and 
contents  in  running  tap  water  for  5  minutes,  mix  again,  and 
determine  the  color  absorption  with  the  Klett-Summerson  photo¬ 
electric  colorimeter.  A  filter  of  range  500  to  570  millimicrons  is 
employed,  since  a  spectrophotometric  study  of  the  color  in  ques¬ 
tion  shows  a  maximum  absorption  at  530  myu  in  the  red  complex. 

Since  absorption  of  the  red  color  is  not  a  linear  function  of  the 
aluminum  trioxide  concentration,  a  calibration  curve  must  be 
established.  Quantities  of  the  working  standard,  equivalent  to 
0.01,  0.02,  0.03,  0.04,  0.05,  and  0.06  mg.  of  aluminum  trioxide,  are 
discharged  into  blood-sugar  test  tubes,  and  the  lakes  are  formed  in 
the  usual  manner. 

Procedures  for  the  gravimetric  analysis  of  aluminum  involve 
the  use  of  a  modification  of  the  quinolate  method  {2) . 

From  the  standpoint  of  accuracy,  ease  of  manipulation,  and 
rapidity  of  technique,  preliminary  investigations  indicated  that 
the  method  of  dilution  was  entirely  satisfactory.  Calibration  of 
twenty  blood-sugar  test  tubes  resulted  in  an  average  precision 
of  0.2%  or  2  parts  per  1000.  No  detectable  difference  in  color¬ 
imeter  reading  could  be  observed  in  comparing  procedures  involv¬ 
ing  pipets,  burets,  and  25-ml.  blood-sugar  test  tubes. 

In  an  investigation  on  the  factors  influencing  color  intensities, 
certain  anomalous  results  were  obtained  in.  establishing  the 
standardization  curve  (Table  I).  Even  though  these  tubes  were 


thoroughly  cleaned  with  chromic  acid  cleaning  solution,  it  is  ap 
parent  that  only  new  tubes  gave  reproducible  results.  The  pr( 
vious  history  of  the  remainder  of  tubes  was  unknown.  Table  I 
shows  the  effects  of  chemically  clean  test  tubes  on  the  reprodue 
bility  factor.  Tubes  in  Series  I  of  this  table  were  cleaned  wit 
chromic  acid  cleaning  solution;  tubes  of  Series  II  were  cleane 
by  treating  successively  with  chromic  acid,  water,  ethyl  alcoho 
benzene,  and  water;  and  tubes  of  Series  III  were  treated  wit 
hot  chromic  acid,  water,  and  alkaline  cleaning  mixture  (14)  an 
rinsed  thoroughly  with  distilled  water.  Thus,  to  obtain  repr< 
ducibly  accurate  results  the  test  tubes  must  be  chemically  cleai 
In  all  subsequent  colorimetric  measurements,  new  tubes  only  ai 
used,  and  these  are  cleaned,  using  the  procedure  as  establishe 
for  Series  III. 

The  length  of  time  in  the  boiling  water  bath  has  a  marked  effe 
on  the  color  intensity,  as  shown  in  Figure  1.  The  technique  < 
heating  at  water-boiling  temperatures  is  employed  to  increa 
greatly  the  rate  of  color  development,  and  since  the  color  inte: 
sity  varies  with  the  time,  the  tubes  in  all  of  these  investigatioi 
were  heated  precisely  10  minutes. 


Table  II.  Cleaning  Effects  on  Blood-Sugar  Test  Tubes 

(0.04  mg.  of  AI2O1) 


Test  Tube" 

Series  I 

Colorimeter  Readings 
Series  II 

Series  III 

11 

203 

196 

190 

12 

192 

188 

188 

13 

169 

173 

185 

14 

172 

178 

187 

15 

175 

180 

185 

11a 

163 

170 

183 

•  12a 

187 

186 

182 

13a 

188 

188 

183 

14a 

167 

169 

183 

15a 

169 

170 

183 

Old  test  tubes; 

previous  history  unknown. 

The  effect  of  varying  quantities  of  composite  on  the  color  i 
tensity  is  shown  in  Figure  2.  Since  the  quantity  of  compos: 
added  influences  the  color  intensity,  exactly  10  ml.  of  the  aim 
non  reagent  were  added  from  an  automatic  pipet. 

Since  the  temperature  of  the  sample  and  reagents  is  a  factor 
this  method,  a  control  of  ±5°  C.  of  the  solution  temperature 
the  time  of  standardization  should  be  maintained.  Several  c 
grees  above  and  below  that  at  which  the  curve  is  established  : 
suit  in  no  serious  error.  High  temperatures  promote  color  < 
velopment,  with  attendant  high  aluminas,  while  lower  tempe; 
tures  have  the  opposite  effect. 

In  the  preparation  of  the  composite  solution,  quantitative  a 
qualitative  techniques  were  applied  to  several  sources  of  the 


Figure  1.  Effect  of  Heating  Time  on  Color  Intensity 
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^ent.  To  reproduce  the  values  of  previously  established  stand- 
rdization  curves  fairly  accurately,  it  became  necessary  to  weigh 
ut  the  material  on  a  quantitative  basis.  An  Eastman  product 
ppeared  to  give  fairly  consistent  values.  Taylor- Austin  {12), 
:oognizing  the  variations  in  the  color  produced  by  the  method, 
aggests  a  restandardization  whenever  a  fresh  supply  of  the  solid 
;agent  is  put  into  use.  Scherrer  and  Smith  {11)  state  that  a 
itisfactory  reagent  may  be  synthesized.  However,  in  view  of 
lese  variabilities  and  the  fact  that  the  composite  undergoes  a 
larked  change  on  standing,  even  when  protected  from  light,  the 
rime  necessity  of  carrying  along  a  standard  in  routine  analysis 
mnot  be  overemphasized.  It  is  common  practice  in  this  labora- 
iry  to  establish  a  new  curve  when  it  is  observed  that  the  reading 
f  the  standard,  when  compared  with  the  curve,  is  in  error  by  an 
mount  greater  than  4  or  5%.  In  the  desired  concentration 
mge,  0.04  mg.  of  alumina  per  25  ml.,  this  represents  6  or  7  scale 
i visions.  For  close  control  work,  especially  if  the  curve  has  not 
sen  determined  recently,  moderate  success  has  been  realized 
y  evaluating  the  scale  divisions  in  the  desired  concentration 
mge  in  terms  of  milligrams  of  alumina;  thus,  by  running  a 
andard  in  the  concentration  range  of  the  unknown,  one  can 
dculate  the  alumina  from  the  colorimeter  reading.  Obviously, 
nee  the  milligrams  per  unit  vary  over  different  parts  of  the 
irve  as  well  as  for  different  curves,  no  permanent  values  should 
s  assessed  to  each  unit. 

PRECISION  AND  ACCURACY 

The  precision  and  accuracy  of  the  colorimetric  method  are  con- 
3niently  studied  by  applying  the  techniques  considered  in  the 
■regoing  paragraphs  to  the  analysis  of  a  leach  solution.  An  ini- 
il  investigation  was  concerned  with  a  factor  of  reproducibility 
results.  For  this  purpose  two  leach  liquors,  previously  acidi- 
:d  and  diluted  (10  ml.  in  250  ml.)  were  divided  into  five  por- 
>ns  each,  and  a  1-ml.  aliquot  (2  ml.  in  250  ml.)  of  each  sample 
is  taken  for  the  measurement.  The  alumina  content,  recalcu- 
ted  by  applying  an  appropriate  factor  for  dilution  (125),  was 
easured  over  a  period  of  several  weeks.  Table  III,  representing 
dinary  and  refined  laboratory  techniques,  shows  what  might 
!  expected  in  the  way  of  precision  for  10  typically  representative 


Table  III.  Analysis  of  Leach  Liquor 


Test  No. 


Mg. /ml. 

d  (d 

2  X  108) 

Precision  of  Method  under  Ordinary  Conditions 

1  5. 11 

-0.063 

3969 

2  5.23 

+  0.057 

3249 

3  5.19 

+  0.017 

289 

4  5.23 

+  0.057 

3249 

5  5.11 

-0.063 

3969 

'6  5.25 

+  0.077 

5929 

7  5.14 

-0.033 

1089 

8  5.14 

-0.033 

1089 

9  5.14 

-0.033 

1089 

10  5.19 

+0.017 

289 

Av.  =»  X  5.173 

2d2  ~  24210  X  10  -» 
Jsd2 

^To  -  ±0-049 

=  trio 

±  a<r  =  5.173  ±  0.053  ( Ps  = 

0.99,  10  observations) 

r-  of  gravimetric  data  =  5.114  mg.  (AI2O3)  per  ml. 

Precision  of  Method  under  Best  Conditions 

1  5.11 

+  0.018 

324 

2  5.08 

-0.012 

144 

3  5.11 

+  0.018 

324 

4  5.04 

-0  052 

2704 

5  5.08 

-0.012 

144 

6  5.08 

-0.012 

144 

7  5.14 

+  0.048 

2304 

8  5.07 

-0.022 

484 

9  5.09 

-0.002 

4 

10  5.12 

+  0.028 

784 

=  X  5.092 

Zd2  =  7369  X 
Jsd2 

10  -« 

YkT  “  ±0-027 

■=  <rio 

=■=  a*  =  5.092  ±  0.029  (Pa  = 

0.99,  10  observations) 
mg.  (AhOa)  per  ml. 

'.  of  gravimetric  data  =  5.124 

COMPOSITE  (ml.) 

Figure  2.  Effect  of  Varying  Quantities  of  Composite  on  Color 

Intensity 


values.  The  method  of  evaluating  the  factor  of  precision  is  that 
derived  from  consideration  of  results  set  up  by  A.S.T.M.  {1).  As 
shown  in  the  table,  the  numerical  results  are  based  on  the  fact 
that  99  in  100  limits  are  used  and  that  these  results  are  based 
completely  on  the  evidence  contained  in  10  determinations.  The 
accuracy  of  the  method  is  determined  by  making  a  comparison 
with  gravimetric  results;  gravimetric  data  for  10  different  leach 
liquors  are  given  in  Table  IV. 


Table  IV.  Analysis  of  Leach  Liquors 


Accuracy  of  method  under  ordinary  conditions 


Test  No. 

Gravimetric 
Mg. /ml. 

Colorimetric 
Mg. /ml. 

pH 

Error 

% 

1 

4.113 

4.23 

6.0 

<3 

2 

3.468 

3.43 

6.0 

1 

3 

3.640 

3.70 

6.0 

2 

4 

3.589 

3.63 

6.0 

>1 

5 

3.637 

3.65 

6.0 

<1 

6 

3.926 

3.93 

0 

7 

3.831 

3.97 

6.0 

3 

8 

3.855 

3.82 

6.0 

1 

9 

3.732 

3.62 

6.0 

3 

10 

3.977 

3.97 

0 

DISCUSSION 

The  expression,  Ps  =  0.99  (statistical  probability),  cited  in 
Table  III  implies  that  a  value  for  a  was  chosen  such  that,  in  99 
chances  out  of  100,  one  might  expect  the  ranges  bounded  by 
the  computed  limits  to  include,  of  the  universe  sampled,  the 
objective  average,  X'. 

From  the  data  in  Table  III,  it  is  apparent  that  the  colorimetric 
method  should  give  an  average  precision,  measured  by  the  aver¬ 
age  deviation  of  the  single  results  from  the  mean,  of  approxi¬ 
mately  1  %,  or  10  parts  per  1000.  On  the  basis  of  the  gravimetric 
value,  this  represents  an  accuracy  of  1.1%,  or  11  parts  per  1000. 
The  precision  and  accuracy  are  increased  by  employing  refined 
techniques.  In  this  case  special  attention  was  given  to  tempera¬ 
ture  control,  accurate  aliquoting  and  pipetting,  and  precise 
establishment  of  the  standardization  curve.  However,  to  attain 
this  precision  and  accuracy,  speed  was  materially  sacrificed.  In 
this  case,  the  average  precision  becomes  0.6%  or  6  parts  per  1000. 
When  compared  with  the  gravimetric  value,  this  represents  an 
accuracy  of  0.6%  or  6  parts  per  1000. 
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The  accuracy  of  the  colorimetric  method  is  best  judged  from 
the  data  in  Table  IV.  It  is  apparent  that  the  accuracy  of  the 
method  is  of  the  order  of  1  to  3 however,  in  routine  work  an 
occasional  4  %  error  has  been  observed.  In  view  of  the  fact  that 
the  accuracy  is  inextricably  tied  in  with  the  standardization  curve, 
the  importance  of  precise  establishment  of  the  calibration  curve 
cannot  be  overemphasized.  If  the  curve  were  recently  estab¬ 
lished,  then  the  accuracy  and  precision  become  nearly  identical 
if  put  on  the  basis  of  a  single  analysis.  This  necessarily  follows, 
since  the  method  involves  an  empirical  comparison  against  a  cali¬ 
bration  curve.  It  is  obvious  that  a  higher  degree  of  accuracy 
will  be  obtained  if,  in  the  preparation  of  the  solution  for  the  color¬ 
imetric  determination,  the  concentration  of  the  unknown  is  ap¬ 
proximately  adjusted  so  as  to  fall  in  the  range  above  0.04  mg.  per 
25  ml. 

A  further  consideration  of  Table  IV  reveals  the  fact  that  the 
leach  liquors,  having  been  previously  acidified  with  approxi¬ 
mately  15  ml.  of  concentrated  hydrochloric  acid,  when  aliquoted 
to  the  correct  concentration  in  the  presence  of  excess  ammonium 
acetate,  yield  a  reproducible  pH  (6.0). 

Undoubtedly,  colorimetric  procedures  may  be  applied  for  the 
determination  of  any  element  in  any  given  amount  by  taking 
suitable  aliquot  portions  for  the  measurement  of  the  final  color; 
however,  applying  such  a  procedure  the  degree  of  accuracy  will 
fall  markedly  as  the  amount  of  sample,  represented  by  the  ali¬ 
quots,  becomes  smaller  and  smaller.  Application  of  the  colori¬ 
metric  process  as  a  method  of  analytical  control  must  be  decided 
in  terms  of  the  effective  range  of  accuracy  by  the  individual 
analyst  after  carefully  considering  the  problem  at  hand. 
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Flow  Characteristics  of  Dispersions  of  Cotton  and 
Resenerated  Cellulose  Rayon  Fabrics  in  Cuprammonium 

Their  Significance  in  Fluidity  Calculations 

VIOLA  C.  JELINEK1,  Bureau  of  Human  Nutrition  and  Home  Economics,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 


Flow-pressure  and  fluidity-velocity  gradient  graphs  were  used  to 
determine  the  flow  properties  of  cuprammonium  dispersions  of  cellu¬ 
lose  fabrics  and  to  evaluate  the  method  of  calculating  the  fluidity 
values.  The  limits  of  application  of  the  kinetic  energy  and  velocity 
gradient  adjustments  were  determined  for  cellulose-cuprammonium 
dispersions,  under  experimental  conditions  very  similar  to  those 
recommended  by  the  American  Society  for  Testing  Materials. 
The  viscometer  and  buret  consistometer  were  compared  in  the 
fluidity  technique. 

THE  fluidity  determination  of  cellulose  dispersed  in  cupram¬ 
monium  reagent  is  an  important  technique  used  in  the 
study  of  cotton  and  regenerated  cellulose  rayon  fabrics.  It  is  a 
sensitive  method  for  measuring  the  extent  of  degradation  of 
cellulose.  A  linear  relationship  between  fluidity  values  and  serv¬ 
ice  (11,  12)  has  been  demonstrated  in  serviceability  studies  of 
cotton  and  rayon  fabrics  which  have  been  subjected  to  wear  and 
laundering.  Raw  cotton  fibers  dispersed  in  the  cuprammonium 
solvent  exhibit  a  lower  fluidity  than  deteriorated  cellulose. 

The  purpose  of  this  study  was  to  investigate  the  flow  charac¬ 
teristics  of  cuprammonium  dispersions  of  cotton  and  regener¬ 
ated  cellulose  rayon  fabrics  over  a  wide  range  of  fluidity  values. 
The  flow  properties  of  cellulose-cuprammonium  dispersions  here¬ 
tofore  have  been  studied  only  in  limited  scope.  It  is  important  to 

1  Present  address,  Research  Laboratories,  Merck  &  Co,,  Inc.,  Rahway, 

N.  J. 


know  which  cellulose-cuprammonium  dispersions  are  true  visco 
liquids  and  which  exhibit  anomalous  flow  properties.  This  i 
formation  is  fundamental  in  calculating  the  fluidities  of  the 
liquids. 

The  flow  characteristics  of  the  cellulose-cuprammonium  d 
persions  were  determined  by  means  of  flow-pressure  and  fluidii 
velocity  gradient  graphs.  As  a  result  of  the  study  of  the  fi< 
properties  of  these  dispersions,  the  limits  of  application  of  t 
kinetic  energy  and  velocity  gradient  adjustments  were  deb 
mined.  A  comparison  was  made  of  the  fluidity  values  obtain 
with  the  viscometer  and  the  buret  consistometer,  and  the  a 
propriate  instrument  for  the  cellulose-cuprammonium  fluidi 
determination  was  found  to  be  dependent  on  the  flow  characb 
istics  of  the  dispersion. 

VISCOMETERS  AND  METHODS  OF  CALCULATION  OF  FLUIDITY  VAL 

Two  tvpes  of  capillary  tube  viscometers  are  ordinarily  used 
the  fluidity  determination  of  cellulose-cuprammonium  disp' 
sions.  Figure  1,  A,  shows  the  type  of  viscometer  which  delivi 
one  or  two  volumes  of  liquid,  and  is  recommended  by  the  Natioi 
Bureau  of  Standards  (10),  the  American  Society  for  Testi 
Materials  (1),  and  the  British  Fabrics  Research  Committee  ( 
B  is  essentially  the  buret  consistometer  of  Herschel  and  Bulkl 
(8)  with  attachments  described  by  Conrad  (6)  and  permits  t 
discharge  of  a  number  of  quantities  in  one  determination.  T 
buret  consistometer  is  used  in  the  Bureaus  of  Human  Nutriti 
and  Home  Economics  (IS)  and  Agricultural  and  Industrial  Che 
istry  (6),  U.  S.  Department  of  Agriculture. 
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Appro*. 

210  mm. 

Approx. 

260  mm. 

Approx. 
390  mm 


Figure  1.  Capillary 
Left.  Single-Volume  Viicometer,  A 

1.  Body  of  viscometer,  10*  0.25  mm.  inside 

diameter 

2.  Capillary  discharge  tube,  0.88  ±  0.02  mm. 

inside  diameter,  25  =*=  0.5  mm.  length 

3.  Steel  plunger 

4.  Rubber  stopper 

5.  Flanged  rubber  tube 

6.  Clips 

7.  Glass  capillary 

8.  Metal  hooks  for  rubber  bands 

9.  Metal  collar 


Tube  Viscometers 

Right.  Buret  Consistometer,  B 

A.  Body  of  consistometer,  10  mm.  inside  diameter 

B.  Capillary  discharge  tube,  0.96  =*=  0.02  mm. 

inside  diameter,  25  =*=  0.5  mm.  length 

C.  Steel  plunger  enclosed  in  a  spring 

D.  Rubber  stopper 

E.  Rubber  tube 

F.  Screw  clamps 

G.  Glass  capillary 

H.  Metal  hooks  for  rubber  bands 

I.  Mark  etched  for  placement  of  lower  edge  of 

stopper 


•table  and  gives  so-called  “apparent 
fluidities’’,  Downey  and  Elmquist 
(IS)  adapted  the  following  equation 
to  the  calculation  of  the  fluidities  of 
dispersions  of  cellulose  fabrics  in 
ouprammonium : 


F0  = 


g 

C(P  -p) 


(2) 


F o  in  rhes  is  Bingham’s  (3)  mobility 
value  which  is  not  corrected  for  kinetic 
energy,  q  is  the  rate  of  flow  in  milli¬ 
liters  per  second,  C  is  the  instrument 
constant  obtained  by  calibration  with 
mineral  oils  of  knojvn  viscosity,  P  is 
the  hydrostatic  pressure  in  grams  per 
square  centimeter,  and  p  is  the  yield 
value.  The  yield  value  is  the  mini¬ 
mum  pressure  required  to  establish 
the  flow  of  a  plastic  material,  and  is 
graphically  determined  as  the  inter¬ 
cept  of  the  graph  prolonged  on  the 
axis  of  the  abscissa  when  the  hydro¬ 
static  pressure  is  plotted  as  abscissa 
and  the  rate  of  flow,  q,  as  ordinate 
(Figure  2).  When  the  dispersion  is 
a  true  viscous  liquid  the  yield  value, 
p,  is  0,  and  Equation  2  becomes 

F0  =  -rp  ,  which  in  terms  of  the  Poi- 

..  •  „  8  LV  , 

seunle  equation  is  t0  =  - rr-r.  for 

■ngr'hdt 

C  =  ,P  =  hd,  and  q  =  ;  . 

nij  t 


Equation  2  is  suitable  for  calculat¬ 
ing  the  mobility  of  plastic  materials. 
It  would  be  satisfactory  for  calculating 
the  fluidity  values  of  cellulose-cupram- 
monium  dispersions  if  they  were  plas¬ 
tic  liquids  having  real  yield  values 
and  flowing  at  such  a  slow  rate  that 
the  kinetic  energy  correction  is  not 
necessary. 

The  most  recent  contribution  to 


In  the  generally  accepted  procedure  of  the  American  Society 
Testing  Materials  ( 1 )  and  the  British  Fabrics  Research  Com- 
ttee  (7)  for  determining  the  fluidity  of  0.5%  solutions  of  cotton 
Tics  and  2%  solutions  of  regenerated  rayon  fabrics  in  eupram- 
>nium,  the  same  method  of  calculating  the  fluidity  values 
s  been  used  for  all  the  dispersions  regardless  of  the  true  viscous 
anomalous  character  of  the  liquids.  These  organizations  and 
eral  investigators  (4,  o,  10)  use  the  following  formula: 


Fc 


or 


(1) 


Wc  is  the  fluidity  in  rhes  corrected  for  kinetic  energy,  C  is  the 
■tnunent  constant  obtained  by  calibration  (1)  with  mineral 

Q 

js  of  known  viscosity,  C  =  in  wliich  d  is  the  density  of  the 


prammonium  solvent  in  grams  per  milliliter,  t  is  the  time  of 
iv  in  seconds,  and  K  is  the  kinetic  energy  correction  constant 
tained  by  calibration  (1,  5).  It  is  convenient  to  consider  d 
istant  since  the  density  of  cuprammonium  suspensions  do  not 
'fer  essentially  from  the  density  of  the  cuprammonium  solvent, 
rmula  1  is  a  convenient  way  of  expressing  the  reciprocal  of  the 
11-known  Poiseuille  equation.  C  in  Equation  1  is  equal  to 

in  the  Poiseuille  equation,  and  K  equals  ^ The  Poi' 

lille  equation  and  Equation  1  are  applicable  only  to  the  stream- 
[e  flow  of  true  viscous  liquids. 

Since  many  cellulose-cuprammonium  dispersions  are  not  true 
lcous  liquids,  and  the  Poiseuille  equation  is  not  strictly  appli- 


t  he  calculation  of  the  fluidity  of  cellu¬ 
lose-cuprammonium  dispersions  was 
made  by  Conrad  (6),  who  adjusted  the  fluidity  observed  at  differ¬ 
ent  mean  velocity  gradients  to  a  standard  or  reference  velocity 
gradient. 

When  a  liquid  flows  through  a  capillary  tube,  the  central  part 
of  the  column  of  liquid  flows  most  rapidly  while  the  liquid  in  con¬ 
tact  with  the  capillary  wall  is  nearly  stationary,  and  the  layers  of 
the  liquid  column  slip  past  each  other  between  those  two  limits. 
The  velocity  gradient  is  the  rate  of  change  in  the  velocity  of  the 
adjacent  layers  of  the  liquid  per  unit  of  distance  measured  at 
right  angles  to  the  direction  of  the  velocity.  In  the  capillary  flow 
method  the  viscosity  or  fluidity  of  a  true  liquid  is  independent  of 
the  velocity  gradient,  but  the  fluidity  of  an  anomalous  liquid  de¬ 
pends  on  the  velocity  gradient  and  has  an  indefinite  number  of 
values  at  different  points  in  the  cross  section  of  the  capillary  tube. 

Conrad  (6)  calculated  the  mean  velocity  gradient  in  capillary 
tubes  by  the  equation : 


.  8V 

ZirrH 


(3) 


which  was  derived  by  Kroepelin  (9)  in  1929.  G  is  the  mean  ve¬ 
locity  gradient  in  centimeters  per  second  per  centimeter  and  V 
is  the  volume  in  milliliters  of  the  solution  discharged  in  t  seconds 
through  a  capillary  of  radius  r  centimeters.  Conrad  recognized 
that  G,  calculated  from  Equation  3,  is  an  approximation  rather 
than  a  true  value  for  anomalous  dispersions  of  cellulose  in  cupram¬ 
monium  solvent. 


The  velocity  gradient  adjustment  was  shown  by  Conrad  (6) 
to  eliminate  the  variation  of  the  fluidity  values  of  highly  anoma- 
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lous  cellulose-cuprammonium  dispersions  determined  at  different 
average  pressures  in  the  buret  consistometer.  He  also  pointed 
out  that  the  velocity  gradient  adjustment  overcomes  differences 
in  fluidity  values  between  instruments  in  the  cellulose-cupram¬ 
monium  fluidity  determination.  However,  he  studied  dispersions 
in  the  very  limited  fluidity  range  of  approximately  2  to  3  rhes. 
The  scope  of  the  anomalous  behavior  of  cellulose-cuprammonium 
dispersions  has  not  been  determined  heretofore. 


mula,  h 


h\  —  hi 


EXPERIMENTAL  PROCEDURE 


The  buret  consistometer  with  dimensions  and  parts  as  illus¬ 
trated  in  Figure  1,  B,  was  used  in  the  fluidity  determinations. 
The  consistometers  were  calibrated  according  to  the  method  of 
Herschel  and  Bulkley  ( 8 )  with  mineral  oils  of  known  viscosity  ob¬ 
tained  from  the  National  Bureau  of  Standards.  The  value  of  m, 
the  coefficient  of  kinetic  energy  correction  for  which  the  constant 
value  1.12  is  ordinarily  assumed,  was  calculated  for  each  of  thirty 
consistometers  ( 8 )  and  was  found  to  vary  from  1.04  to  1.32. 
The  inside  capillary 


diameters  of  thirty 
instruments  were  cal¬ 
culated  according  to 
Herschel  and  Bulkley 
(8)  and  were  found  to 
vary  between  the 
limits  of  0.0942  to 
0.0985  cm.  Con¬ 
stants  C'  and  K  in 
Equation  1  were  cal¬ 
culated  according  to 
the  directions  of  the 
American  Society  for 
Testing  Materials  ( 1 ) 
and  Clibbens  and 
Little  (5).  The  hy¬ 
drostatic  pressure,  P, 
in  the  flow-pressure 
graphs,  was  calcu¬ 
lated  by  the  equation 
P  =  hd.  The  average 
head,  h,  was  obtained 
with  Meissner’s  for- 


Figure  2.  Flow-Pressure  Graphs  of  Simple, 
Complex,  and  Plastic  Liquids 


A  -  Cuprommonium  solvent 

F0=  39.8 

B  -  Mineral 

Oil  D  . 

Fo=  36.4 

C-  Viscose 

164  . 

Fo=  24  9 

D  -  Viscose 

161  . 

Fo=  23.5 

E  -  Viscose 

157 . 

Fo 3 19.2 

F  -  Viscose 

84 . 

Fo3  13  9 

G  -  Mineral 

Oil  H . 

Fo3 128 

H  -  Viscose 

25  . 

Fo 3  10.8 

I  -  Viscose  21 . . 

J  -  Cuprommonium  royon  17 
K  -  Cuprommonium  rayon  14 
L  -  Cuprommonium  rayon  1 1 
M  -  Mineral  Oil  J . 


.  hi 

l0g‘ht 


and  was  corrected  for  surface  tension  {( 


The  density  of  the  cuprammonium  solvent,  d,  has  a  value  of  0. 

C 1 ,  7). 

The  cuprammonium  solution  contained  15  =*=  0.1  grams 
copper,  200  =*=  5  grams  of  ammonia,  and  less  than  0.5  gram 
nitrites  per  liter,  which  are  the  specifications  of  the  British  Fs 
rics  Research  Committee  (7)  and  the  more  accurate  limits  stat 
by  the  American  Society  for  Testing  Materials  (1).  The  so 
ti'on  was  prepared,  stored,  and  delivered  with  equipment  simi 
to  that  designed  by  Mease  {10). 

The  concentrations  of  the  cellulose-cuprammonium  dispersic 
were  0.5  and  2.0%  by  volume  for  the  cotton  and  regenerat 
cellulose  rayon  fabrics,  respectively.  Forty-two  cuprammonii 
rayon,  165  viscose  rayon,  and  773  cotton  samples  at  varic 
stages  of  degradation  were  used  to  investigate  the  flow  charact 
istics  of  cellulose-cuprammonium  dispersions.  These  samp 
had  been  subjected  to  ordinary  household  wear  and  launderi 
without  drastic  chemical  treatment. 

The  procedure  employed  for  determining  the  fluidity  of  1 
cellulose-cuprammonium  dispersions  was  essentially  the  same 
that  described  by  the  American  Society  for  Testing  Materi 
(1),  except  the  rate  of  flow  of  the  dispersions  from  the  bu 
consistometer  was  obtained  with  a  “split  second”  stop  wa1 
in  two  ways  in  the  same  determination:  as  a  series  of  ■ 
servations  corresponding  to  the  successive  5-ml.  quantities,  s 
as  the  rate  of  flow  of  a  single  20-ml.  discharge.  The  20-ml.  volu 
rather  than  the  25-ml.  quantity  was  used  because  it  more  nea 
corresponds  to  the  volume  between  calibration  marks  1  and  2 
the  viscometer  (Figure  1,  A).  The  temperature  during  conditi 
ing  and  timing  was  controlled  at  20°  ±  0.1 0  C. 


One  fluidity  determination  with  a  buret  consistometer  furnis 
sufficient  data  for  a  flow-pressure  graph.  The  single-volume  ’ 
cometer  does  not  provide  data  for  such  a  graph  unless  determi 
tions  are  repeated  at  different  pressures,  which  would  reqi 
additional  apparatus. 


STUDY  OF  FLUIDITY  DATA 


Flow-Pressure  Relationships  of  Regenerated  Cellul 
Rayon  Fabrics  in  Cuprammonium.  Flow-pressure  graphs 


1.8  r 


1.7- 
1.6  - 


A- Cuprammonium  solvent 

Fc  3  73  O 

B- Mineral  Oil  D . . 

Fc  3  40  O 

C- Viscose  164  . 

Fc  3  31  O 

D- Viscose  161  . 

-  F c=  27  8 

E  -  Viscose  157 . 

Fc-21.4 

F  -  Viscose  84  . 

Fc3 14  8 

G  -  Mineral  Oil  H . 

Fc*  13  3 

H- Viscose  25 . 

-  Fc* 1 1  3 

1 -Viscose  21 . 

-  Fc  *  8  62 

J  -Cuprommonium  rayon  17 

Fc 3  7  98 

K -Cuprommonium  royon  14 

Fc 3  6.63 

L  -  Cuprommonium  rayon  1 1 

F  c 3  5.7 1 

M-Mmeral  Oil  J  - . 

-  Fc3  4.69 

8  10  12  14  16  18  2  0  22  24  26 

HYDROSTATIC  PRESSURE.  GRAMS  PER  SO.  CM. 


8  10  12  14  16  18  20  22  24 

HYDROSTATIC  PRESSURE.  GRAMS  PER  SO.  CM. 


Figure  3.  Flow-Pressure  Graphs  of  Simple  Liquids 

A  (left),  observed  flow  valves.  B  (right),  flow  valves  corrected  for  kinetic  energy. 
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Figure  4.  Magnitude  of  Kinetic  Energy  Correction 

it  calculation  of  fluidity  of  cellulose  fabrics  dispersed  in  cuprammonium,  using  capillaries  with  inside  diameters  of 

from  0.094  to  0.098  cm. 


>iich  the  average  hydrostatic  pressure,  P,  is  plotted  as  abscissa 
d  the  rate  of  flow,  q,  as  ordinate,  indicate  the  flow  properties 
a  liquid.  It  is  well  known  that  the  flow-pressure  graph  of  a 
aple  liquid,  also  called  a  Newtonian  or  true  viscous  liquid,  is  a 
aight  line  passing  through  the  origin — for  example,  I  in  Fig- 
3  2.  The  American  Society  for  Testing  Materials  (2)  defines 
simple  liquid  as  one  in  which  the  rate  of  shear  is  pro- 
irtional  to  the  rate  of  stress,  and  a  complex  liquid  as  one  in 
*iich  the  rate  of  shear  is  not  proportional  to  the  shearing  stress, 
re  flow-pressure  graph  of  a  complex  liquid,  II  in  Figure  2,  passes 
irough  the  origin  but  is  not  linear.  Complex  liquids  have  also 
sn  called  pseudoplastic  (14).  A  complex  liquid  does  not  have 
eal  yield  value;  the  apparent  yield  value,  /  in  Figure  2,  is  ob- 
ined  by  disregarding  the  lower  curved  part  of  the  graph.  Ill 
,  Figure  2  is  the  flow-pressure  graph  of  a  plastic  material,  a 
!  aight  line  which  does  not  pass  through  the  origin.  A  plastic 
literial  has  a  real  yield  value,  p  in  Figure  2,  which  is  the  mini- 
lm  pressure  required  to  establish  flow. 

In  Figure  3  the  flow-pressure  graphs  of  cuprammonium  dis- 
rsions  of  cuprammonium  and  viscose  rayon  are  compared 
th  those  of  known  simple  liquids — that  is,  mineral  oils  J,  H, 
d  D,  and  cuprammonium  solvent.  Each  fluidity  value  given 

•  a  cellulose  dispersion  is  the  average  of  the  4  values  obtained 
a  single  discharge  with  the  buret  consistometer.  The  rates  of 
w  in  Figure  3,  A,  are  uncorrected;  those  in  Figure  3,  B,  are 
rrected  for  kinetic  energy. 

In  the  uncorrected  flow-pressure  graphs,  the  liquids  with  a  slow 
i;e  of  flow — for  example,  mineral  oil  J  and  cuprammonium 
yon  samples  11,  14,  and  17 — are  represented  by  linear  graphs, 
r  these  liquids  the  kinetic  energy  correction  is  relatively  unim- 
rtant.  As  the  rate  of  flow  increases  and  the  kinetic  energy 
:rrection  becomes  more  important,  the  uncorrected  curves  be- 
me  increasingly  concave  to  the  pressure  axis.  When  the  data 
ire  corrected  for  kinetic  energy,  the  curvature  of  the  flow- 
|3ssure  graphs  was  removed,  and  all  the  graphs  in  Figure  3,  B, 
name  linear,  passing  through  the  origin. 

Forty-two  cuprammonium  rayon  samples  ranging  in  corrected 
I  idity  value,  Fc,  from  4.52  to  8.26  rhes  were  found  to  form  the 
bical  flow-pressure  graphs  of  simple  liquids.  The  characteristic 
Iw-pressure  graphs  of  three  representative  cuprammonium 
i .’on  dispersions  are  included  in  Figure  3. 

The  flow-pressure  graphs  of  165  viscose  rayon  dispersions  rang- 
q  in  Fc  values  from  7.51  to  32.9  rhes  were  those  of  simple  liquids. 

*  the  fluidity  of  the  six  representative  viscose  dispersions  in 
l?ure  3  increases,  the  curvature  of  the  uncorrected  graphs  be- 
imes  more  evident. 

Kinetic  Energy  Correction.  The  importance  of  the  ki- 
i  tic  energy  correction  is  apparent  in  the  comparison  of  the  graphs 
'  Figure  3.  In  a  fluidity  determination  the  kinetic  energy 
irrection  varies  continuously  as  the  dispersion  flows  from  the 


tube,  and  decreases  as  the  flow  be¬ 
comes  slower.  The  effect  of  the  kinetic 
energy  correction  on  the  fluidity  calcu¬ 
lations  when  the  buret  consistometer 
is  used  is  shown  in  Table  I  with  rep¬ 
resentative  data  for  the  simple  rayon 
dispersions.  The  uncorrected  fluidity 
values,  F0,  of  the  dispersions  of  higher 
fluidity,  viscose  64,  156,  and  164,  in¬ 
crease  in  value  as  the  rate  of  flow  de¬ 
creases  in  the  discharge  from  the  con¬ 
sistometer.  When  corrected  for  kinetic 
energy,  the  corresponding  values,  Fct 
in  Table  I  become  constant  within 
experimental  error. 


The  magnitude  of  the  kinetic  energy 
correction  was  calculated  over  the  en¬ 
tire  range  of  fluidities  of  cellulose  fabric 
dispersions  using  capillary  discharge 
tubes  with  inside  diameters  varying 
from  0.094  to  0.098  cm.,  a  specification 
nearly  the  same  as  0.088  =*=  0.002 
cm.  inside  diameter  recommended  by  the  American  Society 
for  Testing  Materials  ( 1 ).  In  Figure  4  the  average  of  the  un¬ 
corrected  fluidity  values  of  representative  cuprammonium  rayon, 
viscose  rayon,  and  cotton  samples  obtained  with  the  consistom¬ 
eter  is  plotted  as  ordinate  and  the  average  kinetic  energy  correc¬ 
tion  as  abscissa.  This  graph  shows  that  the  uncorrected  fluidity 
values  below  7  rhes  have  a  kinetic  energy  correction  of  not  more 
than  0. 1  rhe,  a  negligible  error  of  approximately  1  %  or  less.  Thus, 

C' 

for  fluidities  less  than  7  rhes  the  equation,  F0  =  —(Equation 4), 

in  which  F0  is  not  corrected  for  kinetic  energy,  may  be  used. 

In  the  range  of  uncorrected  fluidities  from  8  to  13  rhes,  the 
magnitude  of  the  kinetic  energy  correction  varies  from  approxi¬ 
mately  2  to  5%,  and  whether  Equation  1  or  4  is  used  for  the  cal¬ 
culation  depends  on  the  accuracy  required.  For  uncorrected 
fluidity  values  of  more  than  13  rhes,  the  kinetic  energy  correc¬ 
tion  becomes  greater  than  5  %,  increasing  markedly  as  the  fluidity 
increases,  and  Equation  1  is  suitable.  Clibbens  and  Geake  (4) 
recognized  that  the  kinetic  energy  correction  is  important  in 
cellulose-cuprammonium  fluidity  calculations  and  stated  that  it 
may  amount  to  20  to  30%  in  the  case  of  highly  modified  cellulose 
samples. 

Flow-Pressure  Relationship  of  Cotton  Fabrics  Dis¬ 
persed  in  Cuprammonium.  The  series  of  flow-pressure  graphs 
of  the  dispersions  of  cotton  fabrics  in  cuprammonium  which  are 
plotted  in  Figure  5  are  representative  of  the  graphs  of  the  773 


Table  I.  Observed  Fluidity  Values,  Fluidity  Values  Corrected  for 
Kinetic  Energy,  and  Kinetic  Energy  Correction  for  Four  Rayon  Fabrics 


Fluidity 
Corrected  for 

Kinetic 

Consistometer 

Observed 

Kinetic 

Energy 

Sample 

Ring  Interval 

Fluidity" 

Energy  b 

Correction 

Ml. 

Rhes 

Rhes 

Rhes 

Cuprammonium 

0-  5 

4.93 

4.97 

0.04 

rayon  6 

5-10 

4.90 

4.94 

0.04 

• 

10-15 

4.94 

4.97 

0.03 

15-20 

4.98 

5.00 

0.02 

Viscose 

0—  5 

12.02 

12.69 

0.67 

rayon  64 

5-10 

12.16 

12.74 

0.58 

10-15 

12.26 

12.71 

0.45 

15-20 

12.38 

12.71 

0.33 

Viscose 

0-  5 

16.05 

17.69 

1.64 

rayon  156 

5-10 

16.39 

17.92 

1.53 

10-15 

16.71 

17.94 

1.23 

15-20 

16.82 

17.71 

0.89 

Viscose 

0-  5 

22.96 

30.14 

7.18 

rayon  164 

5-10 

24.72 

31.64 

6.92 

10-15 

25.60 

31.35 

5.75 

15-20 

26.47 

31.05 

4.58 

C" 

°  Observed  fluidity  values  calculated  by  equation,  F»  =  -. 
b  Fluidity  values  corrected  for  kinetic  energy  calculated  by  equation, 
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Figure  5.  Flow-Pressure  Graphs  of  Cotton  Fabrics  Dispersed  in  Cuprammonium 

A  (left),  uncorrcetcd  Dow  value*.  B  (cantar),  flow  values  corrected  for  kinetic  energy.  C  (right),  flow  values  adjusted  for  kinetic  energy  end  velocity  gradient 


cotton  dispersions  studied.  Each  fluidity  value  is  the  average  of 
the  4  values  obtained  in  a  single  discharge  with  the  buret  con- 
sistometer. 

The  curvature  of  the  uncorrected  flow-pressure  graphs  of  the 
more  rapidly  flowing  dispersions  of  cottons  161,  167,  and  177 
is  concave  to  the  pressure  axis  (Figure  5,  *4).  When  the  rate  of 
flow  is  corrected  for  kinetic  energy,  the  graphs  for  these  cottons 
become  linear  and  pass  through  the  origin  (Figure  5,  B).  Thus, 
the  cuprammonium  dispersions  of  cottons  161,  167,  and  177  are 
those  of  simple  liquids,  the  Poiseuille  equation  is  applicable,  and 
the  fluidity  values  should  not  be  described  as  “apparent”. 

The  uncorrected  curves  in  Figure  5,  A,  of  the  cotton  disper¬ 
sions  of  lower  fluidity,  cottons  54  to  158,  are  convex  to  the  pres¬ 
sure  axis,  the  curvature  decreasing  with  increase  in  fluidity. 
This  convex  curvature  is  not  removed  by  applying  the  kinetic 
energy  correction  (Figure  5 ,  B).  The  graphs  of  these  dispersions 
of  cottons  varying  in  Fe  values  from  2.72  to 
15.5  rhes  are  those  of  complex  or  pseudoplastic 
liquids  (Figure  2) .  They  do  not  form  the  curves 
of  plastic  materials;  and  the  terms  “plastic¬ 
ity”  or  “plastic  behavior”  should  not  be  used 
to  describe  the  flow  properties  of  these  0.5% 
cuprammonium  dispersions  of  cotton  fabrics. 

When  the  kinetic  energy  and  the  velocity" 
gradient  adjustments  are  both  applied  to  the 
rate  of  flow  of  the  complex  cotton-cuprammo- 
nium  dispersion  54  to  158,  the  convex  curvature 
is  removed  and  the  flow-pressure  graphs  all  be¬ 
come  linear  and  pass  through  the  origin  (Figure 
5,  C).  The  velocity  gradient  adjustment  does 
not  influence  the  flow-pressure  graphs  of  the 
dispersions  of  cotton  161,  167,  and  177  (Figure 
5,  C)  since  they  are  simple  liquids. 

Velocity  Gradient  Adjustment.  The  ef¬ 
fect  of  the  velocity  gradient  adjustment  on  the 
fluidity  values  of  dispersions  of  cellulose  fabrics 
is  shown  with  some  representative  examples  in 
Table  II.  The  Fc  values  were  calculated  with 


Equation  1,  and  the  G  values,  mean  velocity  gradients,  wi 
Equation  3.  The  F  values  are  the  fluidities  adjusted  both  1 
kinetic  energy  and  velocity  gradient. 

The  average  F  value  may  be  read  directly  from  a  fluidit 
velocity  gradient  graph  (explained  below,  see  Figure  8)  by  inti 
polation  or  extrapolation  where  the  sloping  line  crosses  the  vi 
tical  standard  velocity"  gradient  line.  However,  if  the  F  vain 
corresponding  to  the  successive  5-ml.  volumes  delivered  by  t 
buret  consistometer  are  required,  as  in  Table  II,  they  are  calf 
lated  from  Equation  5: 

log  F  —  log  Fc  =  regression  coefficient  X  (log  G  —  log  G)  ( 

This  is  the  well-known  equation  of  a  straight  line,  y  —  y i 
m{x  —  X]),  where  m  is  the  slope  of  the  line  which  passes  throu 
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flint  Xi,  yi.  The  regression  coefficient,  the 
ipe  of  the  line,  is  obtained  graphically.  G  is 
e  mean  velocity  gradient  calculated  with 
(uation  3  and  G  is  the  standard  velocity 
adient. 

Table  II,  A  and  B,  shows  that  Fc  values  ob- 
jined  with  a  buret  consistometer  for  tlie  com- 
bx  cotton  dispersions  54,  111,  138,  and  158 
[crease  with  a  decrease  in  mean  velocity  gradi- 
t  as  the  liquid  flows  out  of  the  consistometer 
d  the  pressure  head  becomes  smaller.  If  the 
values  are  calculated  to  a  standard  or  refer- 
Ice  velocity  gradient,  the  values  are  corrected 
fr  the  variation  caused  by  the  change  in  the 
[loeity  gradient.  When  the  fluidity  of  the 
implex  ootton-cuprammonium  dispersions  are 
leulated  to  the  standard  velocity  gradient  of 
00,  corrected  fluidity  values,  F i50o,  become 
instant  wit  hin  experimental  error  (Table  II,  C). 

The  standard  velocity  gradient  is  entirely 
hitrarv  and  it  would  appear  from  Figure  8 
at  almost  any  intermediate  velocity  gradi- 
t  could  be  selected.  Conrad  (o')  rccom- 
;nded  the  use  of  a  standard  velocity  gradi- 
t  of  500  cm.  per  second  per  cm.,  "since  a 
•ge  part  of  the  data  recorded  in  the  literature 
s  been  obtained  probably  at  velocity  gradi- 
!ts  between  100  and  1000  cm.  per  second 
(r  cm.,  a  convenient  value  might  be  inter- 
■diate,  say  at  500  cm.  per  second  per  cm.”, 
iider  the  conditions  of  this  study,  which 
L  recommended  by  the  American  Society 
-  Testing  Materials  (2),  the  maximum  aver- 
e  velocity  gradient  is  approximately  3000  cm. 
r  second  per  cm.  for  complex  0.5%  cotton- 
prammonium  dispersions  with  Fc  values 
•s  than  17  rhes  (Figure  8).  Thus  a  com- 
m  velocity  gradient  of  1500  is  suggested, 
ice  it  is  intermediate  for  these  complex 
npersions. 

When  the  average  F c  values  of  Figure  8 
?  plotted  against  the  velocity  gradient  ad- 
-tment,  Figure  6,  a  standard  velocity  gra- 
:nt  of  1500  gives  an  adjustment  curve  ■  ■  ■..ai-.rja; 
iich  nearly  approaches  zero  tangentially 
the  Fc  values  increase  to  those  charac- 
-istic  of  simple  hquids.  At  some  velocity  gradient  slightly 
ove  1500,  a  curve  corresponding  to  that  in  Figure  6  would  more 
arlv  approach  zero.  If  a  standard  velocity  gradient  of  500  had 
en  used,  an  anomalous  dispersion  with  a  Fc  value  of  approxi- 
itcly  4  rhes  would  have  a  zero  velocity  gradient  adjustment 


Table  II.  Comparison  of  Fluidity  Values  Corrected  for  Kinetic  Energy  (Fc)  with  Fluidity 
Values  Adjusted  for  Both  Kinetic  Energy  and  Velocity  Gradient  Using  the  Standard 
Velocity  Gradient  of  1 500  (F  150o) 


Buret  Consistometer  Values  from 
Consecutive  o-Ml.  Volumes 


Single- Volume  Viscometer 
Values,  Varying  Placement  of 
Lower  Mark 


Consis¬ 

A 

D 

tometer 

Mean 

Mean 

E 

F 

Type  of 

ring 

velocity 

B 

C 

Vol¬ 

velocity 

Dispersion 

Sample 

interval 

gradient 

Fc 

F  lsno 

ume 

gradient 

Fc 

F 1500 

Cm./ 

Cm./ 

Ml. 

sec. /cm. 

Rhes 

Rhes 

Ml. 

sec./ cm. 

Rhes 

Rhes 

Cotton 

0-5 

566 

3.20 

4.46 

0 — 5 

566 

3.20 

4.50 

54 

5-10 

427 

2.94 

4.51 

0-10 

487 

3.05 

4.52 

10-15 

288 

2.55 

4.47 

0-15 

396 

2.82 

4.49 

15-20 

179 

2.20 

4.53 

0-20 

304 

2.56 

4.47 

Av.  2.72 

4.49 

.  Av 

2.91 

4.50 

Cotton 

0-5 

1015 

5 . 84 

6.44 

0 — 5 

1015 

5.84 

6.49 

111 

5-10 

800 

5.48 

6.41 

0-10 

895 

5.63 

6.47 

10-15 

bib 

5.05 

6.42 

0-15 

755 

5.38 

6.47 

15-20 

384 

4.61 

6.48 

0-20 

608 

5.07 

6.47 

Complex  cot- 

Av 

5.24 

6 . 44 

An- 

.5.48 

6.48 

ton-cupram- 

monium 

Cotton 

0-5 

1435 

8.41 

8.46 

0-5 

1435 

8.41 

8.46 

dispersions 

138 

5-10 

1169 

8.20 

8.47 

0-10 

1288 

8.29 

8.48 

10-15 

876 

7.91 
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jure  7.  Fluidity-Velocity  Gradient  of  Viscose  and  Cuprammo- 
nium  Rayon  Fabrics  Dispersed  in  Cuprammonium 


(Figure  6)  which  is  characteristic  only  of  simple  dispersions. 
Thus,  in  this  study,  the  standard  velocity  gradient  of  1500  was 
preferred. 

According  to  Figure  6  the  velocity  gradient  correction  to  a 
common  velocity  gradient  of  1500  is  not  necessary  if  Ft  is  greater 
than  10  rhes. 

The  fluidity  values  of  the  complex  cotton  fabric  dispersions 
obtained  from  the  two  types  of  capillary  instruments  are  not 
the  same  unless  the  velocity  gradient  adjustment  is  applied 
(Table  II,  B  and  E).  Using  the  consistometer  as  a  single-volume 
viscometer,  the  Fc  values  of  the  complex  cotton  dispersions  54, 
111,  138,  and  158  vary  with  the  position  of  the  lower  mark, 
decreasing  as  the  viscometer  volume  increases  (Table  II,  E). 
However,  when  the  velocity  gradient  adjustment  is  applied,  the 
fluidity  values  become  constant,  regardless  of  where  the  mark  is 
placed  in  the  single-volume  viscometer  (Table  II,  F). 

Also,  until  the  velocity  gradient  adjustment  is  applied,  the 
average  of  the  four  values  obtained  with  the  buret  consistometer 
from  the  discharge  of  20  ml.  of  liquid  is  not  equal  to  the  fluidity 
value  calculated  from  the  rate  of  flow  of  a  single  20-ml.  quantity 
discharged  from  the  same  instrument  when  used  as  a  viscometer 
(Table  II). 

Since  the  velocity  gradient  adjustment  is  readily  obtained 
with  the  buret  consistometer  in  one  discharge,  the  buret  type 
of  capillary  instrument  has  an  advantage  over  the  single-volume 
viscometer  type  for  the  determination  of  the  fluidity  of  complex 
eotton-cuprammonium  dispersions  with  Fc  values  less  than 
10  rhes. 

In  the  fluidity  calculations  of  the  cellulose-cuprammonium  dis¬ 
persions  which  are  simple  liquids — for  example,  cuprammonium 
rayon  6,  viscose  25,  and  cotton  177  in  Table  II — the  fluidity 
values  are  constant  with  the  application  of  the  kinetic  energy 
correction;  and  the  fluidity  is  not  influenced  by  the  velocity 
gradient. 

The  fluidity  values  for  the  simple  cellulose-cuprammonium 
dispersions  obtained  with  the  two  kinds  of  instruments  are  the 
same  for  any  viscometer  volume  or  part  of  the  buret  con¬ 
sistometer.  Thus  either  the  buret  consistometer  or  the  vis¬ 
cometer  may  be  used  for  these  simple  dispersions. 
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Fluidity-Velocity  Gradient  Relationships.  Fluidity-ve¬ 
locity  gradient  graphs  as  well  as  flow-pressure  graphs  indicate  the 
simple  or  complex  character  of  a  liquid.  The  former  are  plotted 
on  log-log  paper  with  the  mean  velocity  gradient,  computed  with 
Equation  3,  as  abscissa  and  the  corresponding  Fc  value  obtained 
with  the  buret  consistometer  as  ordinate. 

The  fluidity-velocity  gradient  graph  of  a  simple  liquid,  such  as 
mineral  oils  J  and  H  in  Figure  7,  is  a  horizontal  straight  line  be¬ 
cause  the  fluidity  of  a  simple  liquid  is  independent  of  the  velocity 
gradient.  The  fluidity- velocity  gradient  graphs  of  Figure  7  show 
that  2%  cuprammonium  rayon  dispersions  ranging  from  Fc  values 
of  4.52  to  7.98  rhes  are  simple  liquids.  Likewise,  2%  viscose  dis¬ 
persions  with  Fc  values  from  7.51  to  31.0  are  all  simple  liquids. 
Thus  the  same  information  concerning  the  flow  properties  of  the 
regenerated  rayon-cuprammonium  dispersions  is  obtained  from 
both  the  flow-pressure  (Figure  3)  and  the  fluidity-velocity  gradi¬ 
ent  graphs. 
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Figure  8. 


Fluidity-Velocity  Gradient  of  Cotton  Fabrics  Dispersed 
in  Cuprammonium 


quantity.  The  ti/t 2  ratio  for  a  true  viscous  liquid  was  equal  t 
unity,  provided  the  kinetic  energy  correction  was  small ;  the  tin 
ratio  for  an  anomalous  liquid  was  less  than  unity.  For  an  l 
value  of  15.0  rhes,  they  reported  ti/tz  equal  to  0.98  and  for  an  1 
value  of  21.3,  ti/ti  was  1.00.  They  gave  no  values  between  1 
and  21.3  rhes. 


SUMMARY  AND  CONCLUSIONS 


The  flow  characteristics  of  cotton  and  regenerated  cellulo; 
fabrics  dispersed  in  cuprammonium  were  determined  by  means  i 
flow-pressure  and  fluidity-velocity  gradient  graphs.  Under  tl 
experimental  conditions  recommended  by  the  American  Societ 
for  Testing  Materials,  0.5%  cotton-cuprammonium  dispersioi 
with  fluidity  values  ( Fc  corrected  for  kinetic  energy)  greater  tha 
19  rhes  and  2%  regenerated  cellulose  dispersions  are  simp 
liquids;  0.5%  cotton-cuprammonium  dispersions  with  Fc  valu< 
less  than  17  rhes  are  complex  liquids  rather  than  plastic  mat' 
rials,  since  they  do  not  exhibit  a  real  yield  value. 


The  formula,  F0  =  — ,  may  be  used  for  the  calculation  of  fluidii 
t 


values  less  than  7  rhes,  since  the  kinetic  energy  correction  fi 
these  values  is  negligible.  Either  the  Poiseuille  equation  1 
C' 

Equation  1,  Fc  = - — ,  more  frequently  used  in  calculating  tl 

K 

t - 

t 

fluidity  of  cellulose  dispersions,  is  suitable  for  calculating  fluid! 
values  greater  than  7  rhes.  The  velocity  gradient  adjustment 
applicable  to  the  complex  cotton-cuprammonium  dispersio: 
with  Fc  values  less  than  10  rhes.  Equation  2,  intended  for  plast 
materials,  should  not  be  used  for  calculating  the  fluidities  of  cell 
lose  fabrics  since  they  form  either  simple  or  complex  rather  tin 
plastic  dispersions,  and  they  often  require  the  kinetic  energy  co 
rection. 

Either  the  buret  consistometer  or  the  viscometer  may  be  usi 
for  the  regenerated  cellulose  dispersions  or  the  cotton  dispersio 
with  Fc  values  greater  than  10  rhes.  The  buret  type  of  capilla: 
instrument  has  an  advantage  over  the  single-volume  viscomet 
type  for  the  determination  of  the  fluidity  of  complex  cotto 
cuprammonium  dispersions  with  Fc  values  less  than  10  rhes,  sin' 
the  velocity  gradient  adjustment  is  readily  obtained  with  t 
buret  consistometer  in  one  discharge. 


The  fluidity-velocity  gradient  graphs  of  the  complex  cupram¬ 
monium  dispersions  of  cottons  54  to  160  in  Figure  8  are  linear  and 
sloping.  The  velocity  gradient  values  of  complex  cotton-cupram¬ 
monium  dispersions  increase  as  their  fluidities  increase.  In  pro¬ 
ceeding  from  the  graphs  of  cotton  54  to  160,  the  slopes  decrease 
and  approach  zero,  and  the  dispersions  become  less  complex. 
The  fluidity-velocity  gradient  graphs  of  cottons  161,  167,  and  177 
are  linear  and  horizontal,  those  of  simple  liquids,  which  is  in  agree¬ 
ment  with  the  information  obtained  from  the  flow-pressure 
graphs  of  Figure  5. 

It  is  apparent  from  Figure  8  that  under  the  experimental  con¬ 
ditions  the  cotton-cuprammonium  dispersions  with  fluidities  of 
approximately  17  rhes  are  borderline  between  simple  and  com¬ 
plex  liquids.  The  fluidity-velocity  gradient  graphs  of  61  cotton 
dispersions  varying  in  Fc  from  16  to  21  rhes  were  examined  in 
order  to  determine  the  limits  of  the  borderline  values.  The 
graphs  of  12  dispersions  varying  in  Fc  values  from  16.0  to  17.1 
rhes  were  definitely  sloping.  Twenty-nine  graphs  of  dispersions 
with  Fc  values  between  17.2  and  18.7  rhes  wTere  variable;  of 
these,  nine  graphs  sloped,  five  were  horizontal,  and  15  could  have 
been  considered  either  horizontal  or  slightly  sloping.  Twenty 
graphs  with  Fc  values  from  18.9  to  21.0  rhes  were  unquestionably 
horizontal.  Thus  0.5%  cotton-cuprammonium  dispersions  with 
Fc  values  less  than  17  rhes  are  complex  liquids,  and  those  with  F, 
values  greater  than  19  rhes  are  simple  liquids.  The  cases  where 
the  Fc  values  are  between  17.0  and  18.9  rhes  are  borderline. 

These  observations  on  the  range  of  complex  flow  of  0.5%  cot¬ 
ton-cuprammonium  dispersions  agree  with  tests  by  Clibbens  and 
Little  (5)  of  the  deviations  of  cotton  cuprammonium  dispersions 
from  the  Poiseuille  law  by  means  of  a  time  ratio,  h/tz.  In  this 
ratio  ti  is  the  time  in  seconds  for  the  first  volume  of  liquid  to  flow 
from  a  two-volume  viscometer,  and  h  the  time  for  the  second 
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Antimony  Trichloride  Reaction  of  Vitamin  D 

EDGAR  M.  SHANTZ,  Distillation  Products,  Inc.,  Rochester,  N.  Y. 


N'  RECENT  years,  many  investigators  have  reported  on 
methods  for  the  physicochemical  estimation  of  vitamin  D  in 
;h  liver  oil.  Many  of  these  methods  (1~4,  7, 8)  depend  upon  the 
easurement  of  the  yellow  color  developed  when  antimony  tri- 
liloride  or  some  modification  (5,  6,  9)  of  this  reagent  is  added  to 
ie  vitamin  D-containing  fraction  which  is  usually  freed  from 
tamin  A,  sterols,  and  other  color-producing  substances  by  a 
iromatographic  procedure. 

Some  years  ago  when  these  laboratories  were  actively  investi- 
iting  this  problem,  a  reference  calibration  curve  of  the  antimony 
ichloride  yellow  color  was  made  up  using  crystalline  calciferol 
British  Drug  House)  as  a  standard.  It  was  found  that  varia- 
ons  in  the  conditions  of  concentration,  time,  light,  and  tempera- 
ire  all  had  a  marked  effect  in  the  development  of  the  yellow 
dor  at  500  m/z.  Some  of  these  effects  have  been  overlooked  by 
her  investigators.  These  observations  are  published  here  in 
ie  hope  that  they  may  enable  others  to  obtain  closer  agreement 
i  their  results. 

EXPERIMENTAL  PROCEDURE 

One  milliliter  of  a  chloroform  solution  of  calciferol  was  meas- 
"ed  into  a  colorimeter  tube,  and  10  ml.  of  a  chloroform  solution  of 
itimony  trichloride  (saturated  at  20°  C.)  were  added  rapidly 
om  an  automatic  pipet.  The  intensity  of  the  orange  color  was 
ffermined  in  an  Evelyn  photoelectric  colorimeter,  using  a  500 
i/z  filter.  (The  filter  was  made  up  by  E.  E.  Richardson  of  the 
astman  Kodak  Research  Laboratories  by  adding  some  compo- 
ents  to  the  500  nm  filter  supplied  by  the  Rubicon  Company  to 
ive  a  sharper  band.)  From  the  galvanometer  reading  function 
,  approximately  proportional  to  the  optical  density,  was  deter- 
lined.  Using  this  basic  procedure,  the  conditions  of  concen- 
ation  of  calciferol,  time,  light,  and  temperature  were  varied. 

EFFECT  OF  VARYING  CONDITIONS 

Concentration.  The  intensity  of  the  yellow  color  of  the 
itimony  trichloride-calciferol  reaction  product  was  not  propor- 
onal  to  the  amount  of  calciferol  in  the  aliquot  tested,  except  at 
sry  low  concentration  (5  micrograms  or  less  per  ml.).  With 
rger  amounts  the  color  development  was  much  less  than  would 
a  expected  from  the  intensity  of  color  at  lower  concentrations 
figure  1,  upper).  These  observations  were  confirmed  by  meas- 
'rements  made  at  500  mm  on  a  recording  spectrophotometer, 
hus  a  calibration  curve  is  recommended.  If  a  conversion  factor 
l  used,  it  must  be  limited  to  a  small  range  of  optical  density. 
Time.  Calciferol-antimony  trichloride  colors  must  be  meas- 
*red  after  an  exact  interval  of  time.  At  30  °  C.  the  color  inten- 
ty  reached  a  maximum  after  4  minutes,  then  slowly  and  steadily 
ded  (Figure  1,  center). 

I  Light.  The  maximum  color  development  was  reached  when 
ie  reaction  was  allowed  to  take  place  in  the  dark.  When  the 

Iilor  was  developed  in  a  shaded  corner  of  the  room  on  a  bright 
ly,  the  results  were  about  10%  low,  and  when  allowed  to  stand 
■ar  the  window,  the  results  were  about  15%  low. 

Temperature.  Changes  in  temperature  had  a  profound  effect 
i  the  color  development  (Figure  1,  lower).  The  intensity  in- 
eased  with  temperature  to  a  maximum  at  42°  C.,  beyond  which 
decreased.  Between  normal  ranges  of  room  temperature  (19° 

•  33°  C.)  there  was  a  difference  of  40%  in  the  color  intensity  of 
,e  same  solution. 

DISCUSSION 

The  author  is  not  attempting  to  set  up  strict  conditions  under 
hich  vitamin  D  determinations  with  antimony  trichloride 
•tould  be  run.  This  is  left  to  the  individual  investigator,  but 
tention  is  called  to  the  variables  which  must  be  controlled 


Figure  1.  Intensity  of  Calciferol-Antimony  Trichloride  Color,  L,  at 

500  dim 

Upper.  Plotted  against  concentration  of  calciferol 
Center.  0.0014%  solution  plotted  against  time 
Lower.  0.0008%  solution  plotted  against  temperature 
at  which  color  was  allowed  to  develop 

closely  if  reproducible  results  are  to  be  obtained.  In  this  labora¬ 
tory  satisfactory  checks  were  obtained  (=*=2%)  on  samples  of  cal¬ 
ciferol  by  the  following  procedure : 

One  cubic  centimeter  of  chloroform  solution,  calculated  to  con¬ 
tain  about  0.07  to  0.25  mg.  of  calciferol,  was  measured  into  a 
colorimeter  tube  which  had  been  allowed  to  come  to  constant 
temperature  by  inserting  in  a  rack  of  steel  tubes  immersed  in  a 
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controlled  temperature  bath  at  30°  C.  Ten  cubic  centimeters 
of  antimony  trichloride  solution  (saturated  in  chloroform  at 
20°  C.)  were  then  added.  The  reagent  had  also  been  previously 
brought  to  30°  C.  by  immersing  the  container  in  the  constant- 
temperature  bath.  The  steel  tubes  were  covered  to  exclude 
light  and  the  color  was  allowed  to  develop  for  exactly  4  minutes. 
The  colorimeter  tubes  were  removed  and  immediately  read  on  an 
Evelyn  photoelectric  colorimeter,  using  a  500  mg  filter.  The 
amount  of  vitamin  D  was  calculated  from  a  calibration  curve 
prepared  from  crystalline  calciferol. 

In  the  estimation  of  vitamin  D  by  the  antimony  trichloride 
procedure,  the  conditions  of  concentration,  time,  light,  and  tem¬ 
perature  must  be  rigidly  controlled  to  obtain  reproducible  results. 
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A  Versatile 


Liquid-Liquid  Extractor 


W.  D.  LONG 
Horton  &  Converse, 
Los  Angeles,  Calif. 


MANY  liquid-liquid  extrac¬ 
tors  have  been  described. 

A  large  number  of  these  are 
patterned  after  the  device  de¬ 
scribed  by  Marshall  ( 1 )  which, 
although  labor-saving,  is  slow 
and  therefore  expensive  to 
operate.  In  addition  certain 
materials  are  heat-labile  to  the 
extent  that  they  are  destroyed 
in  the  boiling  flask. 

The  apparatus  herein  de¬ 
scribed  utilizes  the  well-known 
gas  lift  principle  to  overcome 
these  objections  and  presents 
many  additional  possibilities  for 
extraction  procedures,  catalytic 
reactions,  adsorptions,  etc.  It  is 
compact,  simple  to  build,  and 
very  economical  to  operate. 

Low  vacuum  (0.5  inch)  or  a 
slight  air  or  gas  pressure  serves 
equally  well  to  operate  the  unit 
whether  it  be  used  as  a  small  laboratory  unit  or  for 
large-scale  extractions.  The  extractant  may  be  either 
the  heavier  or  the  lighter  liquid. 

The  basic  apparatus,  which  may  be  used  as  a  batch 
extractor  and  which  has  been  used  to  advantage  in 
procedures  normally  carried  out  with  separatory  funnels, 
is  shown  in  Figure  1.  In  operation,  vacuum  at  1  or 
pressure  at  2  causes  the  lighter  liquid  in  3  to  drop  to 
4,  where  a  plug  of  air  enters  tube  5  and  pushes  the  liquid 
in  5  into  reservoir  6.  Increased  height  of  the  liquid 
at  this  point  causes  a  downflow  through  tube  7,  where 
it  bubbles  out  through  a  fritted-glass  bubbler  and  rises 
to  the  liquid  interface,  8,  thence  to  point  4,  momen¬ 
tarily  sealing  opening  to  tube  5.  Gas  entering  through 
tube  3  again  forces  liquid  into  reservoir  6.  A  low- 
vacuum  or  gas  pressure  causes  a  continuous,  rapid 
bubbling  action.  When  the  heavier  liquid  is  to  be 


the  extractant,  an  outlet  should  be  provided  at  the  bottom  of  tl 
flask,  9. 

Figure  2  illustrates  the  extractors  used  in  conjunction  with 
boiling  flask  and  condenser  for  continuous  operation.  Extra 
tion  time  is  much  reduced  by  this  arrangement. 

Figure  3  is  a  design  of  an  apparatus  utilizing  this  principle  f 
extracting  or  percolating  solid  materials  or  for  conducting  a 
sorptions  or  catalytic  reactions.  The  cylinder,  1,  may  be  packe 
or  a  thimble  containing  the  material  to  be  extracted  may  be  i 
serted  into  the  chamber.  The  unit  is  operated  in  the  same  ma 
ner  as  the  liquid-liquid  extractor. 
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Elimination  of  Nitrate  Impurities  from  30  Per  Cent 

Hydrogen  Peroxide 

E.  C.  CANTINO,  Division  of  Plant  Nutrition,  University  of  California,  Berkeley,  Calif. 


"HE  phenol-disulfonic  acid  method  for  the  determination  of 
nitrates  in  plant  tissue  is  being  used  in  this  laboratory, 
tany  modifications  have  been  reported. 

Roller  and  McKaig  (2)  developed  a  modified  method  involving 
e  use  of  30%  hydrogen  peroxide  as  an  oxidizing  agent  for  or- 
nic  matter.  Because  of  the  appreciable  nitrate  impurity  in 
drogen  peroxide,  it  was  found  necessary  to  purify  this  reagent, 
d  distillation  under  reduced  pressures  was  suggested  by  Roller 
d  McKaig.  [At  the  present  time,  30%  hydrogen  peroxide  low 
nitrates  is  sometimes  difficult  to  obtain  in  large  quantities 
ion  immediate  request,  and  the  commercial  product  -e.g., 
iperoxol  c.p.  grade — obtainable  in  somewhat  larger  quantities, 

Inerally  contains  approximately  200  p.p.m.  of  nitrate.] 

This  method  of  purification  is  time-consuming,  and  further- 
ire  30%  hydrogen  peroxide  when  distilled  under  reduced  pres¬ 
ses  (15  to  60  mm.  of  mercury)  has  seldom  been  found  by  the 
Ithor  to  yield  a  distillate  of  more  than  20%  hydrogen  peroxide. 
I msequently,  attempts  were  made  to  purify  the  reagent  by  other 
pans.  Experiments  indicated  that  this  could  be  done  by  per- 
ilating  the  reagent  through  layers  of  activated  carbon  suitably 
loarated  as  shown  in  Figure  1. 


APPARATUS  AND 
PROCEDURE 

A  water-cooled  ad- 
rption  column  with 
naensions  as  indicated 
is  used.  A  sintered- 
iss  filter  plate  sealed 
to  the  lower  end  of  the 
be  was  found  neces- 
ry  to  prevent  small 
rbon  particles  from 
ssing  into  the  purified 
tgent.  The  column  is 
Dsely  packed  with  5- 
1 0-gram  portions  of 
itivated  carbon 
'olumbia  brand  acti- 
ted  carbon,  type  F, 
:e  20/48)  alternating 
th  glass  beads,  glass 
ool  plugs,  and  per- 
rated  porcelain  plates, 
le  separatory  funnel 
the  top  of  the  column 
filled  with  hydrogen 
*r ox i d e ,  suction  ap- 
ied  at  the  receiving 
isk,  and  the  rate  of 
■rcolation  regulated  by 
ic  stopcock  on  the 
paratory  funnel  to 
•oduee  a  desirable 

)W. 


DISCUSSION 

It  was  necessary  to 
sign  a  column  and  to 
id  a  suitable  adsorbent 
rich  could  be  used  to 
move  nitrate  from 
drogen  peroxide  with- 
it  subsequent  decom- 
isition  of  this  reagent, 
he  effectiveness  of 
irious  forms  of  active 
rbon  was  determined 
perimentally. 


Figure  1.  Adsorption  Column 

b.  Glass  beads 

c.  Carbon 

p.  Perforated  porcelain  disk 
u>.  Glass  wool 


Very  fine  active  carbon,  such  as  powdered  Nuchar  or  Norit  A, 
was  unsatisfactory  in  the  author’s  column  because  of  the  slow  rate 
of  percolation  of  reagent,  and  the  rapid  rate  of  decomposition  due 
to  the  particle  size.  A  coarse  product  such  as  Nuchar  4/10-mesh 
was  somewhat  more  suitable  than  a  fine  carbon,  but  did  not  com¬ 
pare  favorably  with  the  Columbia  Carbon  product.  Commercial 
organic  anion-exchange  materials  could  not  be  used  because  of 
the  rapidity  with  which  they  are  oxidized  and  broken  down  by 
hydrogen  peroxide.  Under  the  author’s  working  conditions, 
Columbia  brand  activated  carbon  appeared  to  be  best  adapted 
to  requirements. 

In  order  to  obtain  maximum  efficiency,  the  carbon  is  pre¬ 
treated  as  follows:  A  slow  stream  of  sulfur  dioxide  is  passed  for 
several  hours  into  a  large  Erlenmeyer  flask  containing  500  grams 
of  carbon.  The  carbon  is  then  oven-dried  at  110°  C.  for  24  hours, 
and  is  ready  for  use.  Active  carbon  not  treated  in  this  manner 
may  be  used,  but  the  nitrate  content  of  the  purified  peroxide  is 
generally  somewhat  higher  and  varies  from  15  to  30  p.p.m. 

The  percentage  concentration  of  the  final  product  appeared  to 
be  related  to  the  rate  of  percolation  of  fluid  (Table  I).  At  a  low 
rate  of  flow,  appreciable  decomposition  occurred  because  of  cata¬ 
lytic  activity  of  the  carbon.  As  the  rate  was  increased,  the  per¬ 
centage  composition  tended  to  approach  that  of  the  original  re¬ 
agent.  Consequently,  it  may  be  necessary  to  determine  by  trial 
and  error  at  what  rate  the  reagent  should  be  percolated  through 
the  column  in  order  to  yield  best  results.  The  author  has  found 
that  for  his  apparatus  a  rate  of  percolation  of  approximately  200 
cc.  per  minute  is  most  effective. 

A  water-cooled  system  was  considered  necessary  since  heat  is 
liberated  at  the  carbon-fluid  interface.  The  rate  of  decomposi¬ 
tion  is  increased  appreciably  with  increase  in  temperature,  and  an 
explosive  rate  may  be  approached  if  an  air-cooled  unit  is  used  (1). 

The  purification  of  the  reagent  is  obviously  dependent  upon 
the  nature  of  the  adsorbing  agent;  however,  the  manner  in 
which  the  column  is  packed  and  the  thickness  of  the  carbon  layers, 
as  well  as  the  distance  between  them,  are  important  in  main¬ 
taining  proper  temperatures,  a  rapid  rate  of  percolation,  and,  sub¬ 
sequently,  a  concentrated  purified  product. 

RESULTS 

By  passing  successive  portions  of  hydrogen  peroxide  through 
the  column,  it  was  found  that  approximately  35  grams  of  active 
carbon  were  sufficient  to  purify  over  500  cc.  of  the  reagent.  The 


Table  I.  Nitrate  in  Hydrogen  Peroxide 

(Column  packed  as  indicated  in  Figure  1.  Original  NO3  content,  approxi¬ 
mately  200  p.p.m.) 


Rate  of 

H2O2  in 

H2O2  in 

NOa  in 

Temp,  of 

Percolation 

Original 

Purified 

Purified 

Purified 

of  H2O2 

Product 

Product 

Product 

Reagent 

Cc./ min. 

% 

% 

P.p.m. 

0  C. 

Thickness  of  Carbon  Layers 

,  2  Cm.  Distance  between 
of  Carbon  Layers,  4 

Layers,  9  Cm.  No. 

200 

31 

28 

6 

Approximately  23 

100 

31 

24 

5 

Approximately  23 

60 

31 

21 

5 

Approximately  23 

Thickness  of  Carbon  Layers,  4  Cm.  Distance  between  Layers,  5  Cm.  No. 

of  Carbon  Layers,  4 

200  31  23  4  Approximately  23 

100  30  19  4  Approximately  23 

60  30  16  5  Approximately  23 

Column  Packed  with  Glass  Beads  Thoroughly  Mixed  with  35  Grams  of 

Active  Carbon 

100“  29  5  6  60 

50  31  _  2  6  60-70 

“  A  rate  of  percolation  of  200  cc.  per  minute  was  not  attained.  Decom¬ 
position  of  IT2O2  interfered  with  rapid  percolation  of  fluid. 
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purified  product  contained  less  than  10  p.p.m.  of  nitrate  and  its 
average  percentage  concentration  was  approximately  27  to  29% 
hydrogen  peroxide.  [The  nitrate  content  of  both  untreated  and 
purified  hydrogen  peroxide  was  determined  according  to  Scott 
(,3).  An  aliquot  of  hydrogen  peroxide  containing  0.1  mg.  or  less 
of  nitrate  was  used.] 

No  investigations  were  made  as  to  a  method  of  “recharging” 
the  carbon  by  replacement  of  adsorbed  nitrate  with  other  anions, 
so  that  carbon  might  subsequently  be  utilized  again.  Once  the 
column  has  become  saturated  with  nitrate,  its  contents  are  re¬ 
placed  with  fresh  material. 

The  nitrate  content  of  the  purified  reagent  offers  no  difficulty 
in  the  determination  of  nitrates  (the  small  amount  present  can  be 


accounted  for  in  the  blank  determination),  the  peroxide  ci 
centration  remains  sufficiently  high  to  produce  the  desired  resu 
and  the  time  necessary  for  the  purification  of  the  peroxide  1 
been  reduced  appreciably. 
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Operating  Procedure  for  Determining  the  Heat  of 

Combustion  of  Gasoline 

E.  W.  DEAN,  A.  A.  WILLIAMS,  and  N.  E.  FISHER 
Standard  Oil  Development  Company,  Standard  Inspection  Laboratory,  Bayonne,  N.  J. 


The  paper  describes  details  of  operating  procedure  for  determining 
the  heat  of  combustion  of  gasoline.  The  degree  of  precision  and  the 
economy  of  conducting  the  tests  compare  favorably  with  those  pos¬ 
sible  for  petroleum  products  of  low  volatility. 

MANY  of  the  specifications  for  aviation  gasoline  now  in 
effect  in  the  United  States  include  a  minimum  limit  for 
lower  or  net  heat  of  combustion.  The  prescribed  procedure 
is  to  determine  the  gross  calorific  value  in  an  approved  oxygen- 
bomb  calorimeter  and  obtain  the  net  value  by  making  a  suit¬ 
able  correction  for  the  latent  heat  of  vaporization  of  water 
formed  during  combustion  of  the  fuel. 

Practically  all  published  directions  for  determining  the  gross 
calorific  value  of  aviation  gasoline  are  exemplified  by  Method 
250.2  of  the  Federal  Specification  for  Lubricants  and  Liquid 
Fuels  (2).  This  prescribes  the  use  of  the  standard  A.S.T.M. 
method  of  test  for  thermal  value  of  fuel  oil  (1)  modified  as  follows 
lor  volatile  fuel: 

Fill  a  dry,  weighed,  gelatin  capsule  of  suitable  size  with  dry 
cotton  fiber,  weigh  the  capsule  again,  and  record  the  weight  of 
gelatin  and  cotton.  Fill  the  capsule  by  immersing  it  in  the 
fuel  and  closing  it  under  the  surface.  Dry  the  outside  of  the 
capsule,  weigh  the  capsule  immediately,  and  record  the  weight 
of  the  fuel.  Wrap  the  ignition  ware  around  the  capsule  three 
or  four  times  and  place  the  capsule  immediately  in  the  bomb. 
Fill  the  bomb  with  oxygen  at  30  atmospheres  pressure,  and 
proceed  with  the  test  as  outlined  in  Method  250.1. 

Repeat  the  test  if  traces  of  sooty  deposit  or  odor  of  unbumed 
fuel  are  noticed  when  the  bomb  is  opened  after  combustion. 

Corrections.  Make  all  corrections  outlined  in  Method  250.1 
and  in  addition  correct  for  the  heat  of  combustion  of  the  gelatin 
and  the  cotton  by  subtracting  from  the  total  heat  developed. 

These  directions,  obviously,  leave  a  great  deal  to  the  imagina¬ 
tion  of  the  operator.  The  authors’  laboratory  has  had  oc¬ 
casion  to  acquire  a  large  amount  of  experience  with  this  par¬ 
ticular  deterrrft nation,  and  the  present  paper  discusses  the  de¬ 
tails  which  are  missing  in  the  published  directions  quoted  above, 
and  gives  specific  instructions  followed  by  their  operators. 

CONDITION  AND  SIZE  OF  GELATIN  CAPSULES 

The  use  of  a  dry  gelatin  capsule  of  suitable  size  is  prescribed. 
As  purchased,  capsules  contain  a  large  and  indeterminate  amount 
of  water.  One  batch  dried  in  a  desiccator  over  calcium  chloride 
showed  a  loss  of  weight  of  about  10%  for  the  first  day,  and  an 
additional  4.5%  in  the  20  days  following.  Complete  drying 
could  be  effected  by  heating  in  an  oven  at  221°  F.,  but  the  cap¬ 
sules  then  became  brittle  and  unusable.  It  was  found  that  cap¬ 
sules  “as  received”  did  not  change  appreciably  during  the  nor¬ 
mal  time  of  the  weighing  operation,  regardless  of  whether  the 


humidity  was  high  or  low,  and  it  appeared  that  the  import; 
feature  was  to  ensure  uniform  water  content  in  a  batch,  and 
avoid  extraneous  surface  moisture. 

Capsules  having  a  suitable  capacity  of  about  0.1  ml. 
designated  as  “No.  00  size”  by  at  least  one  commercial  suppl 

FILLING  OF  CAPSULES 

The  published  directions  call  for  filling  a  weighed  caps 
containing  a  determined  quantity  of  dry  cotton,  by  immers 
it  in  the  fuel  and  closing  it  under  the  surface  of  the  liquid.  1 
cotton  serves  to  minimize  splashing  when  the  capsule  is  igni 

.ONE  HALF  OF  CAPSULE 


HOLE  FOR  ONE  HALF  OF  CAPSULE 
DIAM.  FOR  ONE  PART  =  4 

16  A3 

DIAM.  FOR  OTHER  PART  =  ^ 

1  / 

ISO. 
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ALL  DIMENSIONS  ARE  IN  INCHES 

Figure  1.  Capsule  Holder 

Consists  of  two  parts,  one  shown  with  half-capsule 
in  place.  Inside  diameters,  as  shown,  are  suitable 
for  capsules  used  in  authors'  laboratory. 

in  the  bomb.  Ignited  asbestos  serves  the  same  purpose  a 
has  the  obvious  advantage  of  contributing  nothing  to  the  h 
generated  during  the  combustion  period.  However,  by  < 
serving  certain  simple  precautions  it  is  possible  to  dispense  w 
cotton  or  asbestos.  Splashing  does  not  occur  if  the  capsii 
are  completely  filled  with  liquid  and  free  from  even  the  small 
bubble  of  air  or  other  permanent  gas. 

The  prescribed  operation  of  filling  by  pushing  together  the  t 
halves  of  the  capsule  below  the  surface  of  the  liquid  fuel  c. 
if  necessary,  be  performed  with  the  fingers.  The  use  of  a  spe< 
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iss  holder,  such  as  is  shown  in  Figure  1,  has  obvious  advantages, 
fticularly  as  regards  the  size  of  the  container  and  the  quantity 
duel  required.  It  is  not  considered  good  practice  to  fill  more 
m  one  capsule  from  the  portion  of  gasoline  which  has  been 
jred  into  the  dish. 

EVAPORATION  LOSSES 

I  The  fact  that  capsules  are  not  perfectly  tight  is  recognized 
the  published  directions,  by  the  provision  for  weighing  “im- 
diately”  after  filling,  and  placing  the  capsule  in  the  bomb 
nmediately”  after  adjusting  the  ignition  wire.  This  is  to  mini- 
ze  evaporation  losses  which  change  the  composition  of  the 
>1  and  introduce  an  uncertainty  as  to  the  weight  of  the  charge 
dually  burned  in  the  bomb.  The  error  due  to  change  in 
nposition  of  the  gasoline  seems  to  be  unavoidable  but  is  of 
eligible  magnitude  when  dealing  with  the  present  types  of 
iation  fuel  and  is  perhaps  0.02  or  0.03%  for  each  full  per  cent 
aporation  loss.  The  error  due  to  loss  of  material  is  in  direct 
^portion  to  the  amount  of  gasoline  that  is  vaporized. 

A.  simple  practical  scheme,  devised  for  determining  the  evapora- 
n  loss  between  the  time  of  completing  the  final  weighing  of 
a  filled  capsule  and  the  time  of  closing  the  bomb,  involves 
termining  the  rate  of  evaporation  loss  (rejecting  the  capsule 
this  is  excessive)  and  measuring  the  time  interval  between 
3  completion  of  the  weighing  and  the  closing  of  the  bomb, 
hen  the  initial  evaporation  loss  is  not  in  excess  of  0.0010 
am  per  minute,  the  rate  remains  practically  constant  for  at 
,st  2  additional  minutes.  An  experienced  operator  can  usually 
insfer  a  capsule  from  the  pan  of  the  balance  to  the  bomb  in  one 
nute  or  less. 


made  by  wrapping  three  or  four  turns  of  ignition  wire  around 
a  rod  of  the  same  diameter  as  the  capsules.  Care  should  be 
taken  not  to  warm  the  capsule  appreciably  while  transferring 
from  the  balance  to  the  coil  of  ignition  wire.  If  the  operator 
uses  bare  fingers,  they  must  be  dry  and  his  touch  must  be  light. 
Other  precautions,  such  as  the  use  of  special  tongs,  are  obviously 
permissible.  Stop  the  watch  when  the  lid  of  the  bomb  is  in  place. 
Do  not  include  the  operations  of  screwing  on  the  lock  ring, 
etc.,  in  the  time  period  thus  measured. 

Compute  the  weight  of  gasoline  burned,  ITT,  from  the  follow¬ 
ing  formula: 

Wb  =  (TF2  -  ITT)  -  (ITT  -  ITT)  ^ 

t  is  the  time  in  seconds  elapsed  between  completion  of  the 
first  weighing  of  the  filled  capsule  and  the  closing  of  the  bomb, 
specifically,  it  is  the  stop-watch  reading.  (ITT  —  ITT)  is  the 
weight  of  gasoline  originally  in  the  capsule  and  (ITT  —  IF 3) 
the  amount  lost  by  evaporation  during  the  60-second  period  the 
filled  capsule  was  kept  on  the  balance  pan.  A  normal  figure 
for  this  loss  is  from  0.0001  to  0.0010  gram.  If  it  is  as  much  as 
0.0015  gram,  or  if  any  bubble  of  air  or  vapor  is  observed  in  the 
capsule  before  the  bomb  is  closed,  the  capsule  is  rejected. 

Obtaining  a  weight  at  some  predetermined  instant  is  easy 
with  various  types  of  automatic-reading  balances  now  available. 
If  the  simple  conventional  type  of  balance  is  used  it  is  recom¬ 
mended  that  its  sensitivity  be  determined  and  that  (HT  —  TIT)  be 
measured  in  terms  of  change  in  the  swing  rather  than  by  trying 
to  shift  the  rider.  It  is,  however,  possible  to  measure  the  time 
for,  say,  0.0010-gram  loss  rather  than  the  loss  during  60  seconds. 
If  this  is  done,  the  formula  above  should  be  suitably  modified. 

OTHER  METHODS  FOR  BOMB-CALORIMETER  DETERMINATIONS  WITH 
VOLATILE  FUELS 


DETAILED  WORKING  DIRECTIONS 

Preparation  of  Supply  of  Capsules.  Place  approximately 
00  gelatin  capsules  in  a  bottle  with  a  tight  screw  top.  Allow 
stand  for  at  least  30  days  to  ensure  equalization  of  the  mois- 
re  content  of  all  individual  capsules.  In  case  of  emergency, 
is  “soaking”  period  may  be  reduced  to  one  week  by  using  an 
ersize  bottle  and  shaking  its  contents  vigorously  at  least  twice 
lay. 

At  the  time  the  soaking  period  is  started,  prepare  test  por- 
ms  for  determination  of  the  calorific  value  of  the  gelatin.  Each 
rtion  consists  of  about  ten  capsules,  cut  into  small  pieces  and 
iced  inside  a  capsule.  Put  these  test  portions,  with  the  halves 
the  containing  capsules  separated,  in  a  small  shallow  dish  or  a 
rforated  gill  can,  which  is  placed  in  the  bottle  with  the  main 
pply.  At  the  end  of  the  soaking  period,  remove  the  can,  as- 
mble  the  capsules,  and  place  them  in  a  small  bottle  which  is 
;htly  closed.  Remove  the  gelatin-filled  capsules  from  this 
ittle  one  at  a  time  for  determination  of  their  calorific  value, 
ake  at  least  three  determinations,  and  if  the  average  devia- 
>n  from  the  mean  of  these  results  exceeds  45  B.t.u.  per  pound, 
ake  additional  determinations  until  the  average  deviation  is 
is  than  this  amount. 

Transfer  at  least  100  capsules  from  the  large  bottle  to  a  set 
small  screw-top  bottles  of  similar  type,  putting  10  to  15 
psules  (approximately  2  days’  supply)  in  each  bottle.  Avoid 
aking  the  transfer  under  conditions  which  might  cause  the 
psules  to  pick  up  surface  moisture.  The  relative  humidity 
ould  not  be  too  high  and  the  capsules  should  not  be  far  enough 
low  room  temperature  to  bring  about  condensation. 

Filling  of  Capsules.  Withdraw  a  capsule  from  the  current 
irking  supply,  restoppering  the  bottle  immediately.  Weigh 
ith  an  accuracy  of  0.1  mg.  and  record  as  TIT.  Pour  some  of  the 
mple  to  be  tested  into  a  small  beaker  or  crucible.  Place  each 
,ilf  of  the  capsule  in  a  suitable  brass  holder  such  as  is  shown  in 
igure  1.  Immerse  the  halves  of  the  capsule  in  the  gasoline, 
ith  the  open  ends  obliquely  upward,  and  agitate  very  gently 
'r  20  to  30  seconds,  to  get  rid  of  bubbles  of  occluded  air  or  other 
:rmanent  gas  which  would  interfere  with  complete  filling.  Then 
lit  the  two  halves  together,  still  keeping  them  immersed.  With- 
:aw  from  the  liquid,  wipe  dry  with  a  clean  cloth,  and  place 
1  the  pan  of  the  balance. 

Weigh  to  0.1  mg.  and  record  as  TIT.  When  balance  is  at- 
,ined,  start  a  stop  watch  and  obtain  another  weight  exactly 
<)  seconds  later.  Record  as  ITT.  Insert  the  filled  capsule  in  a 
>il  of  ignition  ware,  already  attached  to  the  terminals  of  the 
im b  and  push  it  down  into  the  cup  or  crucible.  The  coil  is 


A  somewhat  different  procedure,  using  gelatin  capsules, 
has  been  described  by  Jones  and  Starr  (4).  It  has  not  been 
tried  in  the  authors’  laboratory  but  they  believe  it  is  slightly 
less  convenient  and  no  more  accurate  than  that  described 
above. 

The  method  of  Richter  and  Jaeschke  (7)  involves  weighing 
the  charge  of  gasoline  in  a  special  platinum  crucible  covered 
with  a  thin  skin  of  collodion.  It  has  not  been  tried,  but  the 
accuracy  claimed  is  no  better  than  that  normally  attained  with 
the  procedure  described  above. 

The  most  precise  method  known  to  the  authors  is  that  orig¬ 
inally  described  by  Richards  and  Barry  ( 6 ),  and  later  improved 
by  Jessup  (3)  and  Prosen  and  Rossini  (a).  The  charge  is  weighed 
in  a  hermetically  sealed  special  glass  bulb  with  flattened  sides. 
This  bulb,  if  properly  made  and  completely  filled,  opens  in  the 
bomb  without  splashing,  when  exposed  to  the  heat  generated 
by  the  combustion  of  the  iron  fuse  ware.  The  procedure  is  more 
time-consuming  than  that  described  above  and  the  technique 
of  fabricating,  filling,  and  sealing  the  bulbs  requires  a  higher  de¬ 
gree  of  manipulative  skill  than  is  necessary  w-hen  using  gelatin 
capsules. 

The  authors  take  this  opportunity  to  suggest  that  the  ideal 
solution  of  the  problem  is  to  weigh  the  charge  in  a  special  closed 
container  which  opens  mechanically  in  the  bomb  when  the 
ignition  wire  is  burned.  With  adequate  ingenuity  and  ex¬ 
perimentation  a  practical  device  of  this  type  might  be  developed. 


Table  I.  Benzene  Blank  Determination  for  a  Typical  Period  of  29 
Consecutive  Working  Days 

(Values  in  British  thermal  units  per  pound) 


18,032 

18,020 

18,005 

18,071 

18,030 

18,031 

18,057 

18,057 

18,011 

18,069 

18,043 

18,039 

18,032 

18,065 

18,048 

18,045 

18,048 

18,034 

18,067 

18,030 

18,041 

18,057 

18,045 

18,033 

18,042 

18,005 

18,060 

18,058 

18,010 

iVXCally  IOjUtI  r\o  g  fT7 

Av.  deviation  from  mean,  15.5  B.t.u.,  or  0.086% 
Max.  deviation  from  mean,  36  B.t.u.,  or  0.200% 
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PRECISION  ATTAINABLE 

It  is  customary  in  the  authors’  laboratory  to  make  a  blank- 
determination  once  a  day  on  a  sample  of  “chemically  pure” 
benzene.  Table  I  shows  the  results  obtained  in  a  period,  selected 
at  random,  of  29  consecutive  working  days. 

The  exact  calorific -value  of  the  benzene  used  is  not  known, 
hence  these  “blank”  determinations  are  an  index  of  the  re¬ 
producibility  rather  than  the  absolute  accuracy  of  the  deter¬ 
minations.  The  basic  standard  is  benzoic  acid,  obtained  from 
and  certified  by  the  National  Bureau  of  Standards. 
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Chromatographic  Determination  of  Carotene  in  Alfalfa 

L.  W.  CHARKEY1  and  H.  S.  WILGUS,  Jr. 

Colorado  Agricultural  Experiment  Station,  Fort  Collins,  Colo. 


A  chromatographic  method  is  presented,  with  supporting  experi¬ 
mental  data,  which  avoids  the  oxidative  losses  of  carotene  generally 
encountered  in  freshly  harvested  plant  tissues,  as  well  as  errors  due 
to  incomplete  extraction  and  incomplete  separation  of  carotenes 
from  other  pigments  present.  The  method  includes  an  enzyme  in- 

IN  THE  assay  of  plant  tissues  for  carotene  three  important 
factors  are  capable  of  causing  large  errors  in  determined 
values.  (1)  The  carotenes  are  unstable,  undergoing  oxidation 
under  ordinary  conditions  and  isomerization  or  other  changes  ( 1 ) 
under  certain  conditions.  This  necessitates  the  use  of  proper 
precautionary  measures  throughout  the  analysis.  (2)  Difficulty 
is  encountered  in  many  instances  in  extracting  all  the  carotene. 
Each  different  plant  tissue  must  be  handled  as  a  separate  extrac¬ 
tion  problem  and  checks  must  be  carried  out  to  prove  that  ex¬ 
traction  has  been  complete.  (3)  Separation  of  carotenes  from 
other  substances  in  the  extract  prior  to  measurement  is  difficult  . 
The  carotenes  occur  in  intimate  association  with  other  caroten¬ 
oids  whose  close  chemical  and  physical  relationship  to  the  caro¬ 
tenes  makes  their  elimination  a  serious  problem.  Several  inves¬ 
tigators  (4,  7,  11,  12)  have  concluded  that  in  methods  based  on 
phasic  separations,  noncarotene  pigments  are  measured  as  caro¬ 
tene.  The  chromatographic  technique  appears  to  be  the  only  one 
extant  which  is  capable  of  completely  removing  these  interfering 
substances. 

A  method  for  routine  use  has  been  evolved  which  overcomes 
for  practical  purposes  all  the  difficulties  referred  to  and  requires 
only  very  simple  equipment  .  Using  this  method  one  operator  can 
analyze  eighteen  prepared  alfalfa  samples  per  8-hour  day.  While 
modifications  have  been  applied  to  a  variety  of  plant  tissues,  the 
discussion  from  this  point  on  deals  principally  with  the  determina¬ 
tion  as  applied  to  freshly  cut  alfalfa. 

PROCEDURE 

Field  Sampling.  From  each  field  plot  to  be  sampled  a  repre¬ 
sentative  sample  of  about  1000  grams  is  collected  by  cutting  off 
within  an  inch  of  the  ground  small  handfuls  of  alfalfa  at  a  number 
of  random  positions  throughout  the  plot.  Immediately  after 
collection  the  sample  is  wrapped  in  paper  with  enough  cracked 
dry  ice  (as  shown  by  experience)  to  freeze  it  quickly  and  main¬ 
tain  a  frozen  condition  until  subsampling  and  enzyme  destruction 
can  be  carried  out.  The  resulting  bundles  of  alfalfa  rolled  in  paper 
are  tagged  and  placed  in  an  insulated  double  plywood  box  for 
transportation  to  the  laboratory. 

Subsampling  and  Enzyme  Destruction.  Each  field  sample 
is  taken  from  the  box  the  same  day  as  cut  and  while  still  frozen 
is  unwrapped  and  run  twice  through  a  Russwin  food  chopper  (not 
a  meat  grinder)  with  any  remaining  dry  ice,  then  mixed  thor¬ 
oughly  by  hand  to  render  it  as  homogeneous  as  possible.  At  this 
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activation  and  sample  storage  procedure,  making  possible  the  codec 
tion  and  preparation  of  large  numbers  of  samples  on  fixed  dates 
The  chromatographic  technique  has  been  modified  for  the  purpose  a 
hand,  by  converting  the  adsorption  column  to  an  adsorption  filte 
which  avoids  losses  of  adsorbed  carotene. 

point  all  desired  subsamples,  about  5  grams  each,  are  weighed  im 
mediately  and  directly  into  125-ml.  Erlenmeyer  flasks  containing 
about  25  to  30  ml.  of  the  slightly  alkaline  ethanol  preparatioi 
described  below.  The  flasks  are  shaken  briefly  and  placed  on  ; 
hot  plate,  where  they  are  allowed  to  simmer  under  a  reflux  con 
denser  for  10  minutes.  After  partial  cooling  the  flasks  are  com¬ 
pletely  filled  with  Skellysolve  B,  stoppered  tightly  with  rubbei 
stoppers,  and  placed  in  a  refrigerator  at  —  1  °  C.  until  taken  foi 
analysis. 

Extraction.  At  any  convenient  time,  as  long  as  30  days 
thereafter,  the  entire  contents  of  each  flask  are  transferred  quan¬ 
titatively  to  the  container  of  a  Waring  Blendor  with  the  aid  of  t 
stream  of  Skellysolve  B  from  a  wash  bottle.  A  convenient  typt 
of  wash  bottle  for  this  purpose  has  been  described  (2).  Thf 
Blendor  is  run  for  about  2  minutes,  after  which  the  contents  an 
filtered  directly  into  a  500-ml.  separator)’  funnel.  A  convenieni 
filter  for  this  purpose  is  a  funnel  large  enough  to  accommodate  tht 
entire  contents  of  the  Waring  Blendor  container,  fitted  with  £ 
piece  of  sheeting  or  other  closely  woven  white  cotton  cloth.  Thf 
solids  retained  by  the  filter  are  washed  with  Skellysolve  anc 
squeezed  out  repeatedly  therein. 

Preparation  of  Solution  for  Chromatographing.  Aftei 
the  lower  layer  is  discarded,  the  resulting  solution  must  be  freer 
of  most  of  the  chlorophyll  present  and  of  other  polar  solutes 
since  these  would  interfere  with  the  subsequent  chromatographif 
separation  if  allowed  to  remain.  This  is  accomplished  by  washing 
the  solution  repeatedly  according  to  the  following  directions: 

1.  Add  25  to  30  ml.  of  10%  (weight  per  volume)  solution  of  po 
tassium  hydroxide  in  80%  ethanol  and  shake  the  separatory  funne 
vigorously  for  4  or  5  seconds.  Discard  the  lower  layer. 

2.  Repeat  (1)  once. 

3.  Add  about  100  ml.  of  water  and  shake  gently  for  a  few  second? 
Discard  the  lower  layer. 

4.  Add  about  100  ml.  of  approximately  4%  sulfuric  acid  solution 
and  shake  gently  for  a  few  seconds.  Discard  the  lower  layer. 

5.  Add  about  200  ml.  of  water  and  invert  the  fuimel  three  or  fom 
times  quickly  but  without  undue  force.  Discard  the  lower  layer. 

6.  Repeat  (5)  once. 

7.  Finally,  immediately  before  chromatographing,  draw  off  am 
discard  the  last  water  which  settles. 

These  operations  may  be  performed  rapidly.  Only  one  separa¬ 
tory  funnel  is  required  for  each  sample,  since  it  is  always  thf 
lower  layer  which  is  discarded.  The  carotene  solution  remains  ii 
the  same  funnel  and  no  time-consuming  transfers  are  necessary 
All  the  separations  of  layers  referred  to  take  place  rapidly  unless 
preceded  by  too  vigorous  shaking,  which  is  unlikely  to  occur  ex 
cept  in  the  two  final  rinsings  with  water.  In  practice  six  carotent 
determinations  are  carried  out  simultaneously.  With  a  batten 
of  six  separatory  funnels,  no  waiting  for  separation  of  layers  i.- 
necessary.  All  the  discarded  layers  have  been  analyzed  repeatedh 
and  have  never  been  found  to  contain  measurable  amounts  o 
carotene. 
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'Chromatographic  Separation  of 
Urotene.  After  the  last  bit  of  water 
ijiich  separates  is  discarded,  the  con- 
mts  of  the  separatory  funnel  are  passed 
i  rough  a  drying  tube  charged  with  an- 
Idrous  sodium  sulfate  placed  above  an 

I  sorption  tube  packed  with  an  adsorp- 
e  mixture  (1  part  of  magnesia  to  8 
I  rts  of  soda  ash  by  weight)  into  a 
;0-ml.  graduated  cylinder  connected  for 
imoval  of  air  by  suction  (see  Figure  1). 

[he  percolation  cannot  be  speedily  ac- 
.mplished  by  gravity  alone.  The  drying 
;id  adsorption  tubes  should  be  wetted 

ieviously  with  Skellysolve  B.  As  soon 
all  the  solution  from  the  separatory 
imel  has  passed  into  the  drying  tube, 
e  funnel  is  rinsed  with  25  to  30  ml. 
i  Skellysolve  B  which  is  also  passed  into 
e  percolation  system.  The  system  is 
Lw  washed  further  with  Skellysolve  con- 
ining  1%  ethanol  by  volume  until  the 
>per  pigment  bands  begin  to  move  down, 
ais  guarantees  that  no  carotene,  adsorbed 
unadsorbed,  remains  in  the  column. 

The  adsorption  tubes  are  prepared  by 
icking  the  adsorbent  mixture  into  filter 
bes  of  about  20-  to  25-inm.  inside  di- 
neter,  plugged  at  the  constriction  by  a 
id  of  cotton  or  glass  wool.  A  depth  of 
cm.  in  a  20-mm.  tube  is  adequate  for 
rotene  determinations  in  5-gram  fresh 
falfa  samples.  The  tubes  are  packed  by 
<essing  small  portions  of  the  adsorbent 
mly  into  place  in  the  tube  supported 
■rtically.  This  packing  is  done  with  a 
unger  consisting  of  a  long  stout  rod  and 
operly  fitting  rubber  stopper.  When 
i.e  tube  is  held  in  a  horizontal  position, 

1  the  surface  layer  retains  its  position  it 
lis  been  packed  tightly  enough. 

Photometric  Measurement  of  Caro- 
;ne.  After  percolation  is  complete  the 

ilume  of  the  percolate  is  noted  and  its  carotene  content  is 
easured  in  a  photometer  previously  standardized  against 
ire  |8-carotene  or  a  suitable  secondary  standard  solution.  In 
is  laboratory  an  Aminco  type  F  photoelectric  photometer 
is  used  routinely  with  the  No.  42  filter  in  place.  From  the 
ita  thus  obtained  and  the  weight  of  the  sample,  the  carotene 
intent  of  the  material  analyzed  is  calculated. 


Figure  1.  Ad¬ 
sorption  Appara¬ 
tus 


EXPERIMENTAL 

l  Sampling  and  Extraction.  Since  the  samples  for  experimen- 
.1  work  at  this  station  had  to  be  collected  in  large  numbers  on 
ven  days  during  the  growing  season,  some  method  of  storing 
iem  without  loss  of  carotene  prior  to  analysis  was  necessary, 
reliminary  work  showed  (1)  that  cold  storage  of  samples  in  an 
mosphere  low  in  oxygen  cannot  be  relied  on  to  preserve  caro- 
ne  in  alfalfa  samples;  and  (2)  that  chopping  alfalfa  for  repre- 
ntative  sampling  initiates  very  rapid  destruction  of  carotene, 
wenty-one  samples  which  had  been  run  through  a  food  chopper 
towed  in  16  hours  an  average  loss  of  37.2%  of  their  carotene. 
Rapid  losses  of  this  kind  probably  take  place  only  in  the  pres- 
ice  of  oxidases  which  occur  in  the  plant.  If  so,  alfalfa  samples 
■r  carotene  assay  must  be  treated  immediately  after  they  are 
eighed  out  by  some  solvent  or  reagent  capable  of  destroying  the 
izymes.  Since  Zimmerman  et  al.  (13)  recommended  boiling 
acetone  as  an  enzyme-destroying  agent  and  solvent,  it  was  tried 
i  alfalfa  samples.  Other  agents  tried  were  ethanol,  and  hot  and 
>ld  ethanolic  potassium  hydroxide  (5,  9).  In  all  cases  the  vol- 
oae  used  was  25  ml.  on  a  sample  weighing  5  =±=  0.5  grams.  The 
isults  are  shown  in  Figure  2. 

The  destruction  of  carotene  is  evident  in  samples  heated  with 
ther  diacetone  or  alcohol.  Noteworthy  is  the  fact  that  a 
rongly  alkaline  reagent,  10%  ethanolic  potassium  hydroxide, 
ive  higher  values  than  either  of  the  other  solvents.  This  fact 
ad  the  report  of  Beadle  and  Zscheile  (1)  that  acids  cause  de¬ 
motion  of  carotene,  as  well  as  the  further  fact  that  the  ethanol 


used  in  the  preceding  experiment  carried  slight  acidity,  led  to  a 
trial  of  ethanol  containing  in  solution  a  small  excess  of  potassium 
hydroxide.  Such  a  solution  was  prepared  by  adding  to  commer¬ 
cial  ethanol  enough  powdered  potassium  hydroxide  to  neutralize 
its  acidity,  then  0.5  gram  per  liter  excess. 

Several  5-gram  subsamples  taken  under  the  same  conditions 
from  a  single  well-mixed  sample  of  ground  alfalfa  were  weighed 
into  125-ml.  Erlenmeyer  flasks  containing  25  ml.  of  the  alkaline 
ethanol  described  above.  The  flasks  were  placed  on  a  hot  plate 
and  left  there  for  the  contents  to  boil  for  10  minutes.  Since  it 
was  also  desired  to  determine  the  effect  of  excluding  air,  the  sub¬ 
samples  thus  treated  were  divided  into  two  lots.  The  flasks  in 
one  lot  were  completely  filled  with  Skellysolve  B  in  order  to  exclude 
air  and  were  tightly  stoppered;  those  in  the  other  lot  were  stop¬ 
pered  tightly  with  the  air  unreplaced.  All  were  stored  in  a  re¬ 
frigerator  at  -1°  C.  to  await  analysis.  At  convenient  intervals 
thereafter  sets  of  four  subsamples  comprised  of  one  pair  from  each 
of  the  two  lots  were  analyzed.  As  controls,  two  other  subsamples 
were  taken  and  analyzed  immediately  without  treatment.  Figure 
3  presents  an  average  of  results  obtained  in  several  repetitions  of 
this  experiment,  in  which  carotene  values  have  been  reduced  to 
percentages  of  the  original  content. 


No  great  loss  of  carotene  occurred,  either  during  or  after  treat¬ 
ment  with  alkaline  ethanol,  if  the  samples  were  protected  from 
air.  If  they  were  not  so  protected,  a  slow  loss  of  carotene  took 
place,  presumably  through  spontaneous  oxidation,  since  oxida¬ 
tive  losses  of  carotene  in  the  presence  of  enzymes  appear  to  be 
much  more  rapid  than  observed  here.  It  may  be  concluded  that 
the  treatment  described  prevents  enzymatic  and  spontaneous 
oxidation  of  carotene  in  alfalfa  samples  without  serious  loss  of 
carotene  during  treatment  . 

The  foregoing  comprises  a  part  of  the  extraction  procedure, 
since  after  samples  are  so  treated  and  stored  for  a  few  days  under 
the  stated  conditions  they  appear  to  have  undergone  a  softening 
or  disintegration  and  to  have  lost  their  green  color  to  the  super¬ 
natant  solvents.  Subsequent  maceration  of  samples  in  this  con¬ 
dition  is  accomplished  with 
great  ease  in  about  one 
minute  by  means  of  a  War¬ 
ing  Blendor,  which  is  also 
recommended  by  other 
workers  (3,  8). 

Chromatography.  In 
the  search  for  a  suitable 
adsorbent  for  chromato¬ 
graphic  separation  of  caro¬ 
tene  from  other  extracted 
pigments,  it  was  found  that 
mixtures  of  soda  ash  (6‘, 
Merck  technical)  with  mag¬ 
nesia  (10,  Micron  brand) 
showed  desirable  properties ; 
and  that  the  adsorptive 
strength  can  be  varied 
through  a  considerable  use¬ 
ful  range  of  mixture  propor¬ 
tions.  Inasmuch  as  the 
carotenes  are  subject  to 
destruction  while  adsorbed 
(10)  and  are  the  least 
strongly  adsorbed  of  all 
the  pigments  present,  it 
was  considered  desirable  so 
to  adjust  the  composition  of 
the  adsorbent  mixture  that  the  carotenes  are  not  adsorbed,  but 
pass  through  the  column  while  the  other  pigments  are  retained. 
The  mixture  which  just  fails  to  retain  carotene  was  found  to  be  one 
containing  8  parts  of  soda  ash  to  1  part  of  magnesia  by  weight. 
In  chromatographing  with  this  adsorbent  the  mixed  carotene 
band  is  seen  only  fleetingly  if  at  all.  Thus  the  adsorption  column 


Figure  2.  Effect  of  Treatments  on 
Carotene  in  Alfalfa 


A. 

B. 

C. 

D. 

E. 

F. 

G. 


No  treatment,  analyzed  at  once  (taken 
as  100%) 

Refluxed  80  minutes  with  10%  alco¬ 
holic  KOH 

Digested  80  hours  at  room  tempera¬ 
ture  with  10%  alcoholic  KOH 
Heated  to  boiling,  boiled  10  minutes 
with  alcohol 

Heated  to  boiling,  boiled  dry  with 
alcohol 

Heated  to  boilmg,  boiled  5  minutes 
with  diacctone 

Heated  to  boiling,  boiled  dry  with 
diacctone 
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becomes  in  actuality  an  adsorption  filter,  and  the  possibility  of 
loss  of  adsorbed  carotene  is  eliminated. 

The  adsorbent  mixture  is  easily  reclaimed  for  further  use  by 
placing  it  in  9-cm.  porcelain  crucibles  in  a  cold  muffle  furnace  and 
bringing  it  gradually  to  a  “low  red  heat”.  After  1  or  2  hours  at 
this  temperature  the  furnace  is  turned  off  and  the  contents  are  al¬ 
lowed  to  cool  in  place.  This  slowly  burns  out  the  adsorbed 
organic  substances  without  destroying  the  adsorbent,  which  can 
be  reclaimed  in  this  way  at  least  six  times  without  noteworthy 
change  in  activity. 

RESULTS  AND  DISCUSSION 

Accuracy  of  the  Method.  As  a  measure  of  accuracy  of  the 
method  standard  deviations  were  calculated  from  duplicate 
values  which  were  available  for  each  of  the  three  cuttings  of  al¬ 
falfa  (Table  I).  The  standard  deviations  are  roughly  propor¬ 
tional  to  the  mean  values  found  for  the  three  cuttings.  This  indi¬ 
cates  that  the  inherent  precision  of  the  method  is  at  least  as  great 
as  the  accuracy  with  which  the  samples  were  taken. 


Elapsed  Time  in  Days 

Figure  3.  Effect  of  Storage  Conditions  on  Carotene  in  Alfalfa 

®  No  treatment,  analyzed  at  once  X  Heated  10  minutes  with  boiling 
(taken  as  100%)  "alkaline  alcohol",  then  stored  at 

*  Heated  10  minutes  with  boiling  —  1  °  C.  in  stoppered  flask  completely 
"alkaline  alcohol",  then  stored  at  filled  with  Skellysolve  B 

—  1°  C.  in  stoppered  flask 

Recovery  of  Added  Carotene.  A  number  of  recovery  tests 
were  run  by  assaying  fresh  alfalfa  samples  along  with  duplicates 
to  which  were  added  known  quantities  of  pure  /3-carotene  (Smaco) 
in  the  form  of  a  concentrated  solution  in  Skellysolve  B.  The 
amount  of  carotene  added  was  determined  by  measuring  photo¬ 
metrically  a  diluted  aliquot  of  the  same  concentrate.  The  re¬ 
sults  are  shown  in  Table  II,  where  all  values  for  carotene  found  are 
averages  of  two  or  three  separately  determined  values.  A  small 
loss  of  carotene  occurs  during  analysis  by  this  method.  This  is 
not  surprising  in  view  of  the  labile  nature  of  carotene,  particularly 
its  great  susceptibility  to  oxidation. 


Table  I.  Standard  Deviations  of  Duplicate  Carotene  Values  in 

Alfalfa 


Cutting 

No.  of 
Pairs  of 
Values, 
n 

Sum  of 
Squares  of 
Deviations, 

Mean  of 

All  Values 
Obtained, 

7/  S- 

Standard 
Deviation  of 
a  Single  Value, 
a 

1st 

17 

65 . 15 

34.5 

2.02 

2nd 

27 

146.94 

48.7 

2.375 

3rd 

13 

136.40 

68.4 

3.37 

Since  in  the  foregoing  recovery  tests  all  samples,  with  and  with¬ 
out  added  carotene,  were  subjected  to  the  enzyme-inactivating 
heat  treatment  with  alkaline  ethanol,  compensating  losses  of  caro¬ 
tene  may  have  occurred  during  the  heating.  Table  III  shows  a 
comparison  of  duplicate  average  values  found  on  subsamples  of 
the  same  lots  of  fresh  alfalfa  analyzed  with  and  without  this  heat 
treatment.  Unheated  subsamples  were  extracted  immediately 


Table  II.  Recovery  of  Added  Carotene 


Carotene  Found 
Sample  4-  Sample  — 
increment  increment 

Difference 

Wt.  of 
Sample 

Caro¬ 

tene 

Recov¬ 

ered 

Caro¬ 

tene 

Added 

Recover 

y/g. 

y/g. 

y/g. 

Grams 

y 

y 

% 

74.37 

66.02 

8.35 

5.30 

44.25 

47.0 

94.1 

98.34 

43.03 

55.31 

5.00 

276 . 55 

283.5 

97.5 

92.3 

48.23 

44.07 

5.09 

224.3 

220.3 

101.8 

Table  III.  Effect  of  Enzyme-Inactivation  Treatment  on  Carotene 


Sample 

No. 

Heated 

Not  Heated 

Loss  on 
Heating 

Destruction 

y/g. 

y/g. 

y/g. 

% 

1 

62.9 

64.0 

1.1 

1.7 

2 

54.1 

56.6 

2.5 

4.4 

3 

66.0 

67.35 

1.35 

2.0 

4 

61.4 

63.5 

2.1 

3.3 

to  avoid  enzyme  action.  These  results  indicate  a  small  loss  i 
carotene  during  treatment,  which  is  not  serious  for  practical  pu 
poses  and  which  could  be  eliminated  only  by  elaborate  precai 
tions.  According  to  the  results  presented,  the  method  describe 
here  measures  carotene  in  fresh  alfalfa  with  an  accuracy  of  mo; 
than  90%  and  does  not  give  erroneously  high  values. 

APPLICATIONS  TO  PRODUCTS  OTHER  THAN  ALFALFA 

Since  the  method  was  first  applied  to  fresh  alfalfa  and  most  i 
the  experimental  data  were  collected  using  samples  of  this  mat 
rial,  this  report  has  been  written  accordingly.  However,  mod 
fications  have  been  applied  to  a  large  number  of  other  plant  vari 
ties,  usually  with  greater  reproducibility  of  results  than  report* 
here.  This  follows  from  the  apparent  greater  oxidase  activil 
of  alfalfa  juice,  its  more  complex  pigment  system,  and  its  physic, 
form  which  makes  accurate  sampling  difficult.  The  modific: 
tions  referred  to  are  usually  in  the  size  of  the  sample  or  methc 
of  extraction,  with  concomitant  adjustments  of  adsorbent  volun 
used  or  of  adsorbent  mixture  proportions.  Any  adjustment  < 
mixture  proportions  is  governed  by  the  nature  of  the  separatic 
involved — for  instance,  in  the  determination  of  carotene  in  t< 
matoes  the  carotenes  must  be  separated  from  lycopene.  T1 
properties  of  lycopene,  another  hydrocarbon,  resemble  those  < 
the  carotenes  more  closely  than  do  those  of  the  carotenols,  etc 
found  in  alfalfa.  This  separation  is  therefore  usually  regarded  i 
a  more  difficult  one;  however,  it  is  accomplished  easily  by  use  < 
an  adsorbent  mixture  containing  1  part  of  magnesia  to  6  parts  < 
soda  ash  by  weight.  The  use  of  a  mixture  of  this  strength  pe 
mits  actual  observation  of  the  carotene,  which  is  adsorbed  ten 
porarily  but  can  be  readily  removed  by  further  washing  wit 
Skellysolve  B. 

ACKNOWLEDGMENTS 

The  authors  wish  to  express  their  appreciation  to  D.  V.  Zande 
a  graduate  student,  for  material  assistance  in  the  collection  an 
preparation  of  samples.  Their  thanks  are  also  due  W.  E.  Pyk 
whose  timely  loan  of  needed  chemicals  which  could  not  be  quick] 
obtained  otherwise,  prevented  considerable  delay. 

LITERATURE  CITED 

(1)  Beadle,  B.  W.,  and  Zscheile,  F.  P.,  ./.  Biol.  Chem.,  144,  No. 

21  (1942). 

(2)  Charkey,  L.  W.,  and  Zander,  D.  V.,  Ind.  Eng.  Chem.,  Anai 

Ed.,  14,  857  (1942). 

(3)  Davis,  W.  B.,  Chem.  Eng.  News,  17,  752  (1939). 

(4)  Fraps,  G.  S.,  and  Kemmerer,  A.  R.,  J.  Assoc.  Official  Agr.  Chem 

22,  190  (1939). 

(5)  Guilbert,  H.  R.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  6,  452  (1934). 

(6)  Kernohan,  G.,  Science,  90,  623  (1939). 


irch,  1944 


ANALYTICAL  EDITION 


187 


I)  Moore,  L.  A.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  12,  726  (1940). 
ft)  Moore,  L.  A.,  and  Ely,  Ray,  Ibid.,  13,  600  (1941). 
pi)  Eeterson,  W.  J.,  Ibid.,  13,  212  (1941). 

])  wain,  H.  H.,  “Chromatographic  Adsorption  Analysis”,  New 
York,  Interscience  Publishers,  1942. 

D  Wall,  M.  E.,  and  Kelley,  E.  G.,  Ind.  Eng.  Chem.,  Anal.  Ed., 
15,  18  (1943). 


(12)  Wiseman,  H.  G.,  Kane,  E.  A.,  Shinn,  L.  A.,  and  Cary,  G.  A., 

J.  Agr.  Research,  51,  635  (1938). 

(13)  Zimmerman,  W.  I.,  Tressler,  D.  K„  and  Maynard,  L.  A.,  Food 

Research,  6,  No.  1,  57  (1941). 

Approved  by  the  Director  as  paper  No.  161,  Scientific  Journal  Series,  Colo¬ 
rado  Agricultural  Experiment  Station. 


Determination  of  Manganese  after  Oxidation  to 
T ri-Dihydrogen  Pyrophospfiatomanganiate 

Jse  of  Pyridine  to  Separate  Iron,  Chromium,  Vanadium,  and  Cerium  from  Manganese 

J.  I.  WATTERS1  AND  I.  M.  KOLTHOFF 
School  of  Chemistry,  University  of  Minnesota,  Minneapolis,  Minn. 


Snadyl,  vanadate,  ceric,  cerous,  and  chromic  ions  are  quanti- 
ftvely  coprecipitated  with  an  excess  of  ferric  iron  when  hydrous 
He  oxide  is  precipitated  by  pyridine.  Chromate  divides  be- 
ftsen  the  precipitate  and  filtrate.  Manganous  and  ferrous  ions  re¬ 
nin  quantitatively  in  the  filtrate.  Use  of  pyridine  is  advantageous 
h  separating  the  interfering  metals,  vanadium,  chromium,  cerium, 
il  a  large  excess  of  iron  from  manganese  prior  to  the  polaro- 
gphic  determination  of  manganese  as  tri-dihydrogen  pyrophos- 
pstomanganiate. 

l  APPLYING  the  authors’  ( 1 )  polarographic  procedure  for 
the  determination  of  manganese,  after  its  oxidation  to  tri- 
lydrogen  pyrophosphatomanganiate,  to  the  analysis  of  ores 
d  steels  it  was  found  that  large  amounts  of  iron  and  even 
all  amounts  of  chromium,  vanadium,  and  cerium  interfered 
th  the  determination.  These  elements  must  be  separated  from 
tnganese  before  the  polarographic  procedure  can  be  applied, 
will  be  shown  in  a  subsequent  paper  that  as  little  as  1  or  2  mg. 
c  manganese  can  be  determined  in  the  presence  of  0.2  gram  of 
bn  without  a  separation;  if  more  iron  is  present,  a  separation  is 
icessary.  The  interference  of  chromate  can  be  eliminated  by 
liuction  with  arsenious  acid.  Otherwise  the  pyridine  separa- 
i>n  was  found  to  be  the  most  effective  and  simple  method  for 
iminating  the  interference.  In  this  procedure  chromium, 

'  nadium,  and  cerium  are  removed  from  solution  by  coprecipita- 
nn  with  hydrous  ferric  oxide. 

Pyridine,  a  very  weak  base  having  an  ionization  constant  of 
1  X  10-9,  has  been  recommended  for  the  quantitative  precipi- 
•tion  of  certain  trivalent  metals  as  the  hydrous  oxide  without 
j’preciable  coprecipitation  of  cobalt,  nickel,  manganese,  and 
ipper  (2,  8).  A  mixture  of  approximately  equal  concentrations 
1  the  pyridinium  salt  and  pyridine  is  well  buffered  and  is  slightly 

Iidic,  having  a  pH  of  approximately  5.2  at  25°  C.  The  solid 
'drous  oxide  thus  acquires  a  positive  charge  due  to  its  primary 
sorption  of  hydrogen  ions.  Consequently  anions  such  as  the 
Ifate  ion,  and  not  cations  such  as  cobalt  and  nickel,  are  ad- 
irbed  as  counter  ions  and  are  carried  down  with  the  precipitate. 
A  second  property  of  pyridine  undoubtedly  contributes  to  the 
‘  cellent  separations  of  the  hydrous  oxides  from  cobalt,  copper, 
.ckel,  and  manganese.  The  pyridine  molecule,  owing  to  the 
ne  pair  of  electrons  on  the  nitrogen  atom,  is  able  to  occupy  a 
ace  in  the  coordination  sphere  in  complex-forming  metal  ions, 
great  many  complexes  of  the  above  metals  with  pyridine  are 
lown.  The  authors  found  that  the  formation  of  a  complex  of 
iromic  chromium  with  pyridine  actually  is  a  factor  in  prevent- 

1  Present  address,  Metallurgical  Laboratory,  University  of  Chicago, 

lieago,  Ill. 


ing  the  precipitation  of  chromic  ion  in  the  absence  of  ferric  iron 
or  aluminum. 

In  order  that  the  pH  shall  not  exceed  5.2  when  5  ml.  of  pyridine 
are  added  to  approximately  25  ml.  of  aqueous  solution,  it  is  nec¬ 
essary  to  have  31  milliequivalents  of  strong  acid  or  its  equivalent 
of  metallic  ion  such  as  ferric  iron  present.  Each  millimole  of 
ferric  iron  liberates  3  milliequivalents  of  acid  upon  precipitating 
as  the  hydrous  oxide.  If  0.6  gram  of  ferric  iron  were  present,  no 
excess  of  mineral  acid  would  be  necessary.  For  each  0.1  gram  of 
ferric  iron  present,  the  amount  of  strong  mineral  acid  present 
should  be  decreased  by  5  milliequivalents.  However,  5  ml.  oi 
pyridine  will  precipitate  quantitatively  as  much  as  1.0  gram  of 
ferric  iron  from  100  ml.  of  solution  containing  no  appreciable 
excess  of  acid. 

APPLICATIONS 

The  use  of  pyridine  to  separate  quantitatively  trivalent  chro¬ 
mium,  iron,  or  aluminum  from  manganese,  cobalt,  and  nickel;  or 
uranium  from  calcium,  barium,  and  strontium,  has  been  recom¬ 
mended  by  Ostroumov  (3).  According  to  him,  a  sum  of  0.1264 
gram  of  the  oxides  of  trivalent  iron,  chromium,  and  aluminum 
may  be  quantitatively  separated  from  a  solution  containing 
about  0.02  gram  of  divalent  manganese,  cobalt,  or  nickel  with  less 
than  0.2%  coprecipitation  of  these  ions  with  the  mixed  hydrous 
oxides.  Zinc,  if  present,  divides  between  the  precipitate  and  solu¬ 
tion.  Lingane  and  Kerlinger  (2)  more  recently  used  a  similar 
procedure  to  separate  ferric  iron  and  chromic  chromium  from 
copper,  cobalt,  and  nickel  before  determining  the  last  three  ele¬ 
ments  polarographically. 

One  interesting  difference  was  observed  in  the  results  of  Ostrou¬ 
mov  and  those  of  Lingane  and  Kerlinger.  According  to  Lin¬ 
gane  and  Kerlinger,  trivalent  chromium  is  separated  only  through 
coprecipitation  with  the  hydrous  ferric  oxide,  while  Ostroumov 
found  that  trivalent  chromium  can  be  quantitatively  precipitated 
in  the  absence  of  iron. 

The  following  factors  undoubtedly  account  for  this  difference. 
In  Ostroumov’s  experiments  the  precipitation  was  carried  out 
in  a  hot  solution  containing  no  appreciable  amount  of  mineral 
acid,  while  Lingane  and  Kerlinger  added  24  milliequivalents  of 
hydrochloric  acid  before  adding  the  pyridine  to  the  cool  solution. 
In  Ostroumov’s  procedure  the  higher  temperature  is  favorable  for 
the  decomposition  of  the  complex  of  chromic  ion  with  pyridine 
and  the  higher  pH  decreases  the  solubility  of  hydrous  chromic 
oxide. 

EXPERIMENTAL 

Reagents.  Pyridine  solution  (1  to  2).  Dissolve  50  ml.  of 
pyridine  in  100  ml.  of  water. 

Sodium  bisulfite,  20  per  cent.  Dissolve  2  grams  of  sodium  bi¬ 
sulfite  in  8  grams  of  water.  Prepare  a  fresh  solution  daily. 
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Table  I.  Coprecipitation  of  Chromium  with  Hydrous  Ferric  Oxide 
in  Pyridine  Separation 


xperiment 

Chromium  in 

Ferric  Iron  in 

Chromium  Remaining 

No. 

Sample 

Sample 

in  Filtrate 

Mu. 

My. 

% 

1 

260  CrIII 

500 

0 

2 

390  CrIII 

500 

1.76 

3 

1.00  CrVI 

279.2 

<4 

4 

1.3  CrVI 

279.2 

10 

5 

2 . 6  CrVI 

279.2 

16 

6 

5.2  CrVI 

279.2 

19 

7 

15.6  CrVI 

279 . 2 

31 

8 

26.0  CrVI 

279  2 

36 

9 

52  0  CrVI 

279.2 

41 

10 

20.8  CrVI 

0 

100 

Pyridine  Separation,  Procedure  I.  Transfer  the  solution 
containing  no  excess  mineral  acid  to  a  100-ml.  volumetric  flask, 
add  1  ml.  of  sulfuric  acid  (1  to  1)  and  dilute  to  about  80  ml. 
Add  15  ml.  of  pyridine  (1  to  2)  slowly  while  swirling,  dilute  to 
exactly  100  ml.,  and  mix  well.  Filter  through  a  dry  rapid  filter 
paper,  such  as  Whatman  Xo.  41 ,  into  a  dry  beaker.  Transfer  a 
50-ml.  aliquot  to  a  clean  100-ml.  volumetric  flask  and  continue 
according  to  Polarographic  Procedure  I  (/)  to  determine  man¬ 
ganese  as  tri-dihydrogen  pyrophosphatomanganiate. 

Precipitation  of  Chromium  by  Pyridine.  In  a  series  of 
experiments  on  the  precipitation  of  chromic  chromium  in  the 
absence  of  ferric  iron  it  was  found  that  if  no  appreciable  amount 
of  mineral  acid  was  present  when  the  pyridine  was  added,  the 
pH  of  the  solution  became  large  enough  so  that  hydrous  chromic 
oxide  was  precipitated.  However,  the  precipitate  redissolved 
during  16  hours  of  contact  with  the  pyridine  solution,  forming  a 
rich  green-colored  complex  with  pyridine.  When  the  final  con¬ 
centration  of  chromic  ion  exceeded  approximately  0.01  M ,  the 
precipitation  was  incomplete.  This  probably  was  due  to  the  in¬ 
creasing  amount  of  free  mineral  acid  liberated  during  the  pre¬ 
cipitation  of  hydrous  chromic  oxide.  The  pyridine  separation, 
thus,  does  not  seem  to  be  satisfactory  for  the  separation  of  chro¬ 
mic  chromium  in  the  absence  of  ferric  iron  or  aluminum. 

Table  I  shows  the  extent  of  coprecipitation  of  chromic  chro¬ 
mium  with  ferric  iron.  The  chromium  content  of  the  filtrate  was 
determined  polarographically.  It  is  evident  that  as  much  as 
260  mg.  of  chromic  ion  is  quantitatively  coprecipitated  with  0.5 
gram  of  ferric  iron.  This  corresponds  to  a  steel  containing  34% 
chromium,  a  much  larger  percentage  than  is  generally  encoun¬ 
tered. 

Lhat  chromate  is  only  partially  coprecipitated  with  hydrous 
ferric  oxide  during  the  pyridine  separation  is  shown  by  experi¬ 
ments  3  to  9,  Table  I.  Chromium  must  be  reduced  to  the  tri- 
valent  state  in  order  to  be  quantitatively  coprecipitated.  This 
is  easily  accomplished  by  adding  a  little  sodium  acid  sulfite  to  the 
solution.  The  excess  sulfur  dioxide  is  removed  by  boiling. 

Coprecipitation  of  Vanadium  with  Hydrous  Ferric 
Oxide.  Using  a  sample  containing  10  ml.  of  0.1  M  ammonium 
metavanadate  alone,  no  precipitate  formed  at  all  when  the  Pyri¬ 
dine  Separation  Procedure  I  was  carried  out.  The  solution  re¬ 
mained  yellow’  in  color. 

Samples  containing  0.279  gram  of  iron  as  ferric  nitrate  and 
from  0  to  76.4  mg.  of  vanadium  as  vanadate  were  prepared  and 
the  pyridine  separation  was  then  carried  out.  The  filtrate  was 
analyzed  polarographically.  No  diffusion  current  due  to  vana¬ 
date  was  observed  in  any  of  the  solutions  containing  up  to  61.1 
mg.  of  vanadium  corresponding  to  an  atomic  ratio  for  vanadium 
to  iron  of  1.2  to  5.  The  qualitative  hydrogen  peroxide  test  also 
showed  the  absence  of  the  vanadate  ion.  When  the  amount  of 
vanadate  was  increased  to  76.4  and  127.4  mg.,  the  filtrate  was 
yellow-colored.  The  percentage  of  vanadate  in  the  filtrate  was 
estimated  colorimetrically  to  be  5  and  6%,  respectively.  It  may 
be  concluded  that  as  much  as  18%  vanadium  (as  vanadate)  in 
iron  can  be  separated  with  hydrous  ferric  oxide  during  the  pyri¬ 
dine  separation. 


Ferric  vanadate  is  insoluble  in  neutral  solutions  but  dissolv 
readily  if  a  small  amount  of  mineral  acid  is  added  to  the  solutio 
The  above  separation  of  vanadate  is  not,  then,  necessarily^ne 
coprecipitation.  How’ever,  if  a  simple  precipitation  of* fen 
vanadate  occurred,  one  wrould  expect  a  larger  percentage  of  va 
adate  to  be  precipitated.  The  fact  that  this  is  not  the  case  ini 
cates  that  the  vanadate  is  actually  coprecipitated  with  the  h 
drous  ferric  oxide.  The  extent  of  coprecipitation  is  limited  1 
the  low  pH  at  which  the  hydrous  ferric  oxide  is  formed  in  t 
pyridine  buffer. 

When  the  pyridine  separation  was  carried  out  using  a  samp 
containing  only  25.8  mg.  of  vanadium,  as  sodium  vanadyl  sulfat 
a  finely  divided  grav-green  precipitate  formed  which  was  diffici 
to  separate  by  filtration.  By  a  polarographic  determination, 
was  established  that  92%  of  the  vanadyl  ion  was  precipitated. 

Since  vanadyl  ion  is  partially  precipitated  even  in  the  absen 
of  iron,  it  should  be  largely  coprecipitated  with  ferric  iron.  Tl 
pyridine  separation  was  employed  using  samples  containing  0 
gram  of  iron  as  ferric  nitrate  and  5.1  to  127.4  mg.  of  vanadium 
sodium  vanadyl  sulfate.  No  vanadyl  ion  was  detected  in  tl 
filtrate  polarographically  or  colorimetrically.  It  is  evide 
that  the  amount  of  vanadyl  ion  coprecipitated  with  ferric  in 
may  even  be  greater  than  the  amount  of  ferric  iron  precipitated. 

Coprecipitation  of  Cerium  with  Hydrous  Ferric  Oxid 
The  pyridine  separation  was  employed  using  samples  containii 
14  to  140  mg.  of  cerium  as  ceric  sulfate  and  279  mg.  of  iron  as  fen 
nitrate.  No  cerium  was  detected  in  the  filtrate,  showing  that  i 
much  as  33%  of  cerium  in  steel  can  be  coprecipitated  during  tl 
pyridine  separation,  provided  it  is  present  as  ceric  ion. 

However,  if  a  reducing  agent  were  added  to  reduce  chromiu 
and  vanadium,  any  cerium  would  finally  be  present  as  cerous  io 
Accordingly,  the  extent  of  the  coprecipitation  of  cerous  ion  wil 
hydrous  ferric  oxide  was  determined. 

Samples  containing  14  to  140  mg.  of  cerium  as  cerous  sulfa 
and  279.2  mg.  of  iron  as  ferric  nitrate  were  treated  according  ■ 
Pyridine  Separation  Procedure  I  and  then  analyzed  polarograp 
ieally.  No  cerium  was  found  in  the  filtrate  from  samples  co; 
taining  70  mg.  or  less  of  cerium.  However,  when  the  amount  < 
cerium  was  increased  to  140  mg.,  the  cerium  was  no  longer  qua 
titatively  coprecipitated.  As  much  as  70  mg.  of  cerous  cerium  a 
be  separated  with  279.2  mg.  of  ferric  iron  during  the  pvridii 
separation.  This  corresponds. to  20%,  of  cerium  and  is  a  mut 
larger  percentage  than  is  generally  employed  even  in  special  c 
rium  steels. 

Coprecipitation  of  Manganese  with  Hydrous  Ferr 
Oxide.  If  a  50-ml.  aliquot  of  the  pyridine  filtrate  is  taken  f< 
the  determination  of  manganese  by  Polarographic  Procedure 
( 1 ),  2.5  ml.  of  pyridine  remain  in  the  sample  to  be  determine 
It  was  found  that  the  pyridine  introduced  did  not  interfere  wil 
the  formation  of  the  violet  tri-dihvdrogen  pyrophosphatomai 
ganiate  ion.  How’ever,  the  average  current  per  millimolar  coi 
centration  of  tri-dihvdrogen  pyrophosphatomanganiate  was  2.0' 
lower  than  the  value  obtained  in  the  absence  of  pyridine. 

To  determine  whether  manganese  wras  appreciably  coprecip 
tated,  a  series  of  experiments  (Table  II)  was  performed  usir 
samples  containing  0.8  gram  of  iron  as  ferric  nitrate  with  variot 
amounts  of  manganese  as  manganous  sulfate.  In  experimen 
7  through  12,  0.8  gram  of  pure  iron  was  dissolved  in  20  ml.  ( 
nitric  acid  (1  to  3)  and  the  excess  acid  was  neutralized  with  an 
monium  hydroxide.  Pyridine  Separation  Procedure  I  and  P< 
larographic  Procedure  I  w'ere  then  employed  ( 1 ).  To  determii 
if  manganese  w'as  lost  by  coprecipitation,  a  series  of  control  e: 
periments  was  carried  out  in  the  same  manner,  except  that  tl 
manganese  was  not  added  until  after  the  precipitation  and  sep; 
ration  of  hydrous  ferric  oxide.  Comparing  the  true  diffusio 
currents  obtained  with  the  manganese  added  before  and  aft* 
the  pyridine  separation  it  may  be  observed  that  the  current  wa 
w’ithin  experimental  error,  the  same.  These  results  substantial 
Ostroumov’s  (3)  observation  that  the  loss  of  manganese  due  t 
coprecipitation  with  hydrous  ferric  oxide  by  the  pyridine  metho 
is  extremely  small. 
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[behavior  of  Ferrous  Iron  in  Pyridine  Separation. 
fine  ferric  iron  may  be  partially  reduced  if  sodium  bisulfite  is 
lied  to  reduce  chromate.  The  behavior  of  ferrous  iron  during 
^  pyridine  separation  is  not  important  in  the  polarographic 
L-edure  for  the  determination  of  tri-dihvdrogen  pyrophos- 
patomanganiate  but  may  be  of  importance  if  a  quantitative 
iiaration  of  iron  is  desired.  A  sample  containing  55.8  mg.  of 
Ijn  as  ferrous  sulfate  yielded  no  precipitate  at  all  when  the  py- 
Sine  separation  was  used  in  an  atmosphere  of  carbon  dioxide. 
1  determine  if  ferrous  iron  is  coprecipitated  with  ferric  iron, 
pyridine  separation  was  employed  using  10  ml.  of  0.1  N 
Irous  sulfate  solution  and  5  ml.  of  1  M  ferric  nitrate  solution. 
Itration  of  an  aliquot  of  the  filtrate  with  0. 1  N  potassium  dichro- 
lite  showed  that  ferrous  ion,  like  manganous  ion,  is  not  copre- 
Litated  with  hydrous  ferric  oxide  during  the  pyridine  separa- 

1n.  Any  ferrous  ion  formed  during  the  reduction  with  sodium 
ulfite  can  be  oxidized  by  boiling  the  solution  which  contains  a 
1  tie  nitric  acid. 

■Simultaneous  Separation  of  Iron,  Chromium,  Vanadium, 
Pd  Cerium  from  Manganese.  It  has  been  shown  that  the 
Inadvl,  vanadate,  ceric,  cerou.s,  and  chromic  ions  are  quantita- 
-ely  precipitated  with  an  excess  of  ferric  iron  during  the  pvri- 
le  separation  of  hydrous  ferric  oxide.  Chromate,  however, 
lodes.  In  order  to  ensure  the  quantitative  separation  of  these 
is,  the  dichromate  ion  in  particular,  some  reducing  agent  must 
i  added.  Addition  of  a  little  20%  sodium  bisulfite  solution  in- 
tntlv  reduced  the  dichromate  in  a  slightly  acid  solution.  The 
nadate  was  reduced  upon  warming  the  solution.  The  addi- 
>n  of  sodium  bisulfite,  furthermore,  is  desirable  to  effect  the 
lution  of  any  manganese  dioxide  which  may  have  precipitated 
ring  the  solution  of  the  sample  and  aids  in  the  removal  of  any 
leess  of  oxidizing  agent  added  during  the  solution  of  the  sample. 


„That  the  separation  of  chromium  as  well  as  vanadium  and 
Irium  with  hydrous  ferric  oxide  was  quantitative  if  sodium  bi- 
dfite  was  used  as  a  reducing  agent  was  shown  in  the  following 
iperiment.  A  sample  containing  5  ml.  of  1  M  ferric  nitrate,  5 
.  of  0.05  M  potassium  bichromate,  5  ml.  of  0.1  M  ammonium 
nadate,  and  2  ml.  of  0. 1  M  ceric  sulfate  was  transferred  to  a 
0-ml.  volumetric  flask.  One  milliliter  of  20%  sodium  bisulfite 
is  added  and  the  solution  was  boiled  for  a  few  minutes.  The 
ridine  separation  was  employed  and  the  solution  was  then 
alyzed  according  to  Polarographic  Procedure  I  (/)■  Since 
ly  the  residual  current  of  —0.07  microampere  was  obtained  at 
0.1  volt  vs.  the  saturated  calomel  electrode  using  capillary  I 
0  the  separation  of  chromium,  vanadium,  and  cerium  with  hy- 
ous  ferric  oxide  was  quantitative. 

That  the  simultaneous  separation  of  chromium,  vanadium,  and 
'rric  iron  does  not  result  in  loss  of  manganese  was  shown  in  a 
ries  of  experiments  using  solutions  corresponding  to  a  chrom- 
inadium  cobalt  steel.  The  following  comprised  the  sample: 


i  5  ml.  of  M  Fe(NOa)j  containing  279.2  rng.  or  60  to  77%  of  Fe 
5  ml.  of  0.05  M  K2O2O7  containing  26.0  mg.  or  5  to  7%  of  Cr 
1  5  ml.  of  0.1  M  NHiVOj  containing  25.5  mg.  or  5  to  7%  of  V 
L  5  ml.  of  0.1  M  Co(NC>3)2  containing  29 . 5  mg.  or  6  to  8%  of  Co 
I  Various  volumes  of  0.1  M  MnSOi  containing  2.2  to  110  mg.  or 
0.6  to  23%  of  Mn 


blell.  Coprecipitation  of  Manganese  with  Hydrous  Ferric  Oxide 

yridine  Separation  Procedure  I  and  Tri-dihydrogen  Pyrophosphato- 
inganiate  Polarographic  Procedure  I  (1).  Capillary  I,  m2's/I/8  = 

114  mg.2,ssec._l/J.  av.  id  per  millimolar  concentrated  Mnlll  =  1.51 

microamperes  at  +0.1  volt  (S.C.E.)] 


ixperiment 

No. 

Final  Mnlll 

M  illimolar 

Time  of  Addition 
of  Mn 

Mn  Taken 
Mg. 

Mn  Found 
Mg. 

i 

0.5 

Before  ppt. 

2.75 

2.73 

2 

0.5 

After  ppt. 

2.75 

2.77 

3 

2.0 

Before  ppt. 

10.98 

10.91 

4 

2.0 

After  ppt. 

10.98 

11.01 

5 

5.0 

Before  ppt. 

27.46 

27.73 

6 

5.0 

After  ppt. 

27.46 

27.76 

7 

0.5 

Before  ppt. 

2.75 

2.73 

8 

0.5 

After  ppt. 

2.75 

2.80 

9 

4.0 

Before  ppt. 

21.97 

21.82 

10 

4.0 

After  ppt. 

21.97 

21.80 

11 

5.0 

Before  ppt. 

27 . 46 

27.35 

12 

5.0 

After  ppt. 

27.46 

27.43 

The  sample  was  transferred  to  a  100-ml.  volumetric  flask  and 
5  ml.  of  nitric  acid  (1  to  3)  were  added.  One  milliliter  of  20% 
sodium  bisulfite  was  added  and  the  solution  was  boiled  several 
minutes  to  expel  the  sulfur  dioxide  and  reoxidize  any  ferrous  iron. 
After  neutralizing  the  excess  acid  with  ammonium  hydroxide , 
Pyridine  Separation  Procedure  I  and  Polarographic  Procedure 
I  were  employed.  The  results  in  Table  III  show  that  no  man¬ 
ganese  within  experimental  error  was  lost  due  to  coprecipitation. 


Table  III.  Separation  of  Manganese  from  Hydrous  Ferric  Oxide 
and  Interfering  Elements 


(Using  samples  corresponding  to  a  chromium  vanadium  cobalt  steel.  Sodium 
acid  sulfite  reduction  of  chromium  followed  by  Pyridine  Separation  Pro¬ 
cedure  I  and  Tri-dihydrogen  Pyrophosphatomanganiate  Polarographic 

Procedure  1, 1) 

Final  MnlU  Mn  Taken  Mn  Found 

Millimolar  Mu.  Mg. 


0 

0.2 

0.5 

1.0 

2.0 

5.0 

10.0 


2.20 
2.20 
5.49 
10.1 
20.2 
54 . 9 
109.8 


2.18 

2.18 

5.47 

10.0 

20.4 

55.2 

109.4 


SUMMARY 

Vanadyl,  vanadate,  ceric,  cerous,  and  chromic  ions  are  quan¬ 
titatively  coprecipitated  with  an  excess  of  ferric  iron  when  hy¬ 
drous  ferric  oxide  is  precipitated  by  the  use  of  the  weak  organic 
base,  pyridine.  Chromate,  however,  divides  between  the  pre¬ 
cipitate  and  filtrate.  Manganous  ion,  as  well  as  ferrous  ion,  re¬ 
mains  quantitatively  in  the  filtrate.  Pyridine  is  well  suited  for 
separation  of  the  interfering  metals,  vanadium,  chromium,  ce¬ 
rium,  and  a  large  excess  of  iron  from  manganese  prior  to  the  po¬ 
larographic  determination  of  manganese  as  tri-dihydrogen 
pyrophosphatomanganiate . 

The  separation  of  hydrous  chromic  oxide  in  the  absence  of 
ferric  iron  is  quantitative  only  under  special  conditions,  because 
chromic  ion  forms  a  soluble  green-colored  complex  ion  with  pyri¬ 
dine.  However,  in  the  presence  of  at  least  a  twofold  excess  of 
ferric  iron  by  weight,  the  coprecipitation  of  chromic  ion  with 
hydrous  ferric  oxide  is  quantitative.  During  the  precipitation  of 
hydrous  ferric  oxide,  chromate  ion  in  all  proportions  divides  be¬ 
tween  the  filtrate  and  precipitate.  The  loss  of  chromium  in  this 
way  was  prevented  by  the  addition  of  a  little  sodium  bisulfite 
solution  followed  by  boiling  with  a  little  nitric  acid  to  remove  the 
excess  sulfur  dioxide  and  reoxidize  any  ferrous  iron. 

In  the  absence  of  ferric  ion,  vanadyl  ion  is  incompletely  sepa¬ 
rated  as  a  finely  divided  gray-green  precipitate.  In  the  presence 
of  even  a  smaller  amount  of  ferric  iron  by  weight  the  coprecipita¬ 
tion  of  vanadyl  ion  is  quantitative.  Vanadate  ion  is  quantita¬ 
tively  coprecipitated  with  hydrous  ferric  oxide  if  the  weight  of 
ferric  iron  is  over  four  times  greater  than  that  of  vanadium. 

Ceric  ion  is  quantitatively  coprecipitated  with  hydrous  ferric 
oxide.  Cerous  ion  likewise  is  quantitatively  coprecipitated  with 
hydrous  ferric  oxide,  provided  the  weight  of  ferric  iron  is  four 
times  greater  than  that  of  the  cerous  ion. 

The  excellent  separation  of  the  hydrous  oxides  from  manganous 
and  ferrous  ions  is  explained  by  the  fact  that  the  solution  is 
weakly  acidic  during  the  precipitation  and  by  the  ability  of  pyri¬ 
dine  to  form  complex  ions  with  manganous  ions  as  well  as  ferrous 
(cobaltous,  and  nickelous)  ions. 
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Determination  of  Vitamin  A  and  Carotenoids  in  Butterfat 

Spectroscopic  Characteristics  of  Butterfat  Fractions  and  Problems  Involved 

in  Biological  Interpretations 

F.  P.  ZSCHEILE,  R.  L.  HENRY,  J.  W.  WHITE,  Jr.,  H.  A.  NASH,  C.  L.  SHREWSBURY,  AND  S.  M.  HAUGE 
Purdue  University  Agricultural  Experiment  Station,  Lafayette,  Ind. 


Results  of  tests  made  with  modifications  of  the  saponification  and 
ether-extraction  procedure  (8)  for  determination  of  vitamin  A  in 
butterfat  are  reported,  with  a  discussion  and  partial  interpretation  of 
the  spectroscopic  characteristics  of  such  ether  extracts. 

NO  SINGLE  method  for  the  direct  spectroscopic  determina¬ 
tion  of  vitamin  A  in  butterfat  has  been  generally  employed. 
A  related  application  of  spectroscopic  methods  ( 1 )  to  the  study 
of  the  vitamin  A  content  of  milk  has  been  made  by  Dombusch, 
Peterson,  and  Olson  (3).  However,  little  has  been  done  in  the 
study  of  errors  involved  with  different  butterfat  samples  or  the 
correlation  of  spectroscopic  data  with  biological  assays. 

In  experiments  in  cooperation  with  the  Technical  Committee 
on  Vitamin  A  Researches  (8),  a  procedure  of  saponification  and 
extraction  with  ether  was  developed.  Details  for  spectrophoto- 
metric  application  have  been  reported  (15).  This  paper  reports 
the  results  of  tests  made  with  modifications  of  this  procedure  and 
presents  a  discussion  and  partial  interpretation  of  the  spectro¬ 
scopic  characteristics  of  such  ether  extracts.  Attempts  were 
made  to  correlate  results  calculated  from  direct  spectroscopic 
•data  with  those  of  the  biological  method  in  the  case  of  samples 
(6,  7)  which  had  been  assayed  by  the  rat-growth  method. 

EXPERIMENTAL 

Since  /3-carotene  and  vitamin  A  per  se  are  responsible  for  prac¬ 
tically  the  entire  vitamin  A  potency  of  normal  butter,  the  analyti¬ 
cal  problem  is  primarily  the  determination  of  these  two  com¬ 
pounds  in  the  presence  of  related  carotenes  and  carotenols.  The 
carotene  content  is  no  indication  of  the  vitamin  A  alcohol  con¬ 
tent;  hence,  for  direct  determination  of  vitamin  A,  ultraviolet 
spectrophotometry  of  an  extract  is  necessary. 

Clarification  of  butter  samples  consisted  of  filtration  of  the 
melted  fat  through  filter  paper  at  55 0  C.  during  2  to  3  hours,  to 
remove  water  and  salt. 

Carotenoids  were  estimated  from  absorption  values  at  4370  and 
4360  A.,  which  are  the  coincident  points  for  the  absorption  curves 
of  /3-  and  neo-/3-carotenes  in  ether  (15)  and  hexane  (2),  respec¬ 
tively.  Wave  lengths  4525  and  4675  A.  are  of  possible  utility  in 
the  estimation  of  individual  carotenoids  (see  Figures  1  and  2). 
They  may  be  used  with  most  spectrophotometers  with  a  mini¬ 
mum  possibility  of  error  due  to  inexact  wave-length  calibration 
or  to  wide  spectral  regions  isolated  because  the  maximum  of  /3- 
carotene  occurs  at  4525  A.  and  the  minimum  of  /3-carotene  at 
4675  A.  [also  near  the  flat  region  of  the  neo-/3-carotene  curve  (2)  ]. 

The  nature  of  the  carotenoids  found  in  butter  is  dependent 
largely  upon  the  feed  of  the  cows,  as  pointed  out  by  Strain  (13) 
and  others.  In  Figure  1  are  representative  characteristic  curves 
of  the  total  carotenoids  found  in  the  butters  studied.  Sample  106 
was  specially  churned  at  the  Purdue  creamery.  The  standard 
curves  of  /3-carotene  and  its  isomer  neo-/3-carotene  (2)  are  in¬ 
cluded  for  reference.  [This  neo-/3-carotene  fraction  probably  con¬ 
sists  largely  of  the  isomer  designated  by  Polgdr  and  Zechmeister 
(10)  as  neo-/3-carotene  B.]  All  curves  were  placed  to  coincide 
at  4370  A.  It  is  noted  that  curve  8  is  characterized  by  higher 
relative  absorption  than  curve  7  in  regions  near  4000  and  4250  A., 
which  is  in  agreement  with  similar  observations  of  Strain  (13). 

To  obtain  a  characteristic  absorption  curve  of  the  total  carot- 
•enoids  with  a  minimum  amount  of  induced  isomerization,  a  butter 


sample  from  a  cow  fed  a  carrot-root  carotene  supplement  w; 
simply  dissolved  in  ether,  washed  with  water,  dried  with  sodiui 
sulfate,  and  filtered.  The  characteristic  curve  showed  evident 
of  the  presence  of  a-carotene  and  was  very  close  to  absorptio 
curves  of  the  ether  extract  after  saponification,  in  spite  of  solver 
differences  due  to  the  large  amount  of  fat  present.  In  this  e: 
periment  a  7-cm.  thickness  was  studied  spectroscopically  by  con 
paring  an  8-cm.  cell  with  a  1-cm.  cell,  both  filled  with  the  butte 
fat  solution  to  avoid  differences  in  apparent  absorption  due  1 
refractivity  differences. 

Another  butterfat,  106,  was  dissolved  in  hexane,  and  washc 
free  of  carotenols  with  94%  diacetone  alcohol  (2).  The  chara 
teristic  curve  (Figure  2)  of  the  resultant  carotene  fraction  co 
responded  well  between  4360  and  4950  A.  with  that  of  a  mixtuj 
of  /3-carotene  and  neo-/3-carotene.  Upon  analysis  for  the; 
two  components  (2)  the  percentage  of  /3-carotene  was  77.1  ; 
4780  A.  and  79.1  at  4850  A.  Adsorption  of  this  solution  c 
columns  of  magnesia  and  alumina  indicated  the  presence  of  tn 
or  more  pigments.  Figure  2  includes  curves  of  the  carotene  fra 
tion  from  each  type  of  silage  butter  and  from  referee  sample  No. 
(15),  all  of  which  were  prepared  by  evaporating  the  ether  extra' 
almost  to  dryness,  dissolving  in  hexane,  and  finally  washing  wil 
92%  aqueous  methanol.  All  curves  were  placed  to  coincide  t 
4360  A. 

Vitamin  A  was  estimated  from  the  absorption  value  at  3240  1 
which  is  the  absorption  maximum  of  vitamin  A  alcohol  in  eth 
solution  (15).  The  characteristic  curves  of  Figure  3  were  arh 
trarily  placed  to  coincide  with  the  standard  curve  of  vitamin 
alcohol  at  3400  A.  The  carotenoid  content  of  butterfats  is  sul 
ject  to  wide  variation  and  carotenoids  other  than  /3-carotene  ai 


Figure  1 .  Absorption  Spectra  of  Total  Carotenoids  in  Ether  Solutic 

106.  Winter  creamery  butter,  no  artificial  color  added 

7.  Butter  from  cow  fed  alfalfa  hay 

8.  Butter  from  cow  fed  carrot-root  carotene  supplement 
AB-3.  Butter  from  cow  fed  alfalfa-brome  silage 

CS-3.  Butter  from  cow  fed  com  silage 
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WAVE  LENGTH  IN  A. 


jure  2.  Absorption  Spectra  of  Carotene  Fractions  in  Hexane 

Solution 

106.  Winter  creamery  butter,  no  artificial  color  added 
AB-3.  Butter  from  cow  led  allalfa-brome  silage 
CS-3.  Butter  from  cow  led  corn  silage 


Enally  present.  The  ultraviolet  absorption  characteristics  of 
eh  miscellaneous  carotenoids  have  not  been  established, 
ilorless  materials  which  absorb  in  the  ultraviolet  region  prob- 
ly  also  accompany  vitamin  A  in  the  ether  extract.  Accurate 
rrections  at  3240  A.  for  absorption  by  carotenoids  and  other 
bstances  in  such  extracts  are  impossible  at  present.  The 
cessity  for  some  correction,  even  though  it  be  somewhat  arbi- 
iry,  is  indicated  by  the  curves  of  Figure  3,  some  of  which  agree 
rly  well  with  that  of  vitamin  A  below  3400  A.  They  are  in- 
riably  higher  than  the  vitamin  A  curve  at  longer  wave  lengths, 
part  because  of  different  carotenoid  contents.  Sample  B3  was 
nost  colorless  and  was  obtained  from  a  cow  fed  on  a  ration  lack- 
|  carotenoids  but  supplemented  with  vitamin  A  in  the  form  of  a 
h  liver  oil  concentrate. 

Reliability  of  Experimental  Procedure  ( 8 ,  15).  Saponi- 
\ation  Time.  A  sample  of  commercial  butter  was  clarified  and 
iponified  with  aqueous  methanolic  potassium  hydroxide  in 
lplicate  for  5,  10,  15,  and  30  minutes.  The  eight  absorption 
lues  of  the  ether  extracts  were  constant  to  ±2.5%  at  3240  A. 
id  to  ±  1%  at  4500  A.  A  15-minute  saponification  with  ethan- 
ic  instead  of  methanolic  potassium  hydroxide  gave  essentially 
e  same  result.  Methanol  is  preferred  because  it  is  more  stable 
ith  potassium  hydroxide. 

Number  of  Ether  Extractions.  Successive  ether  extracts  were 
amined  spectroscopically  to  determine  their  relative  effective- 
rss  in  the  removal  of  carotenoids  and  vitamin  A.  A  rendered 
eamery  butter  with  no  artificial  coloring  matter  was  used, 
he  first  extract  (100  ml.)  removed  70%  of  the  substance  absorb- 
g  at  3240  A.  and  about  91%  of  the  carotenoids.  The  second 
tract  (50  ml.)  accounted  for  20%  additional  absorption  in  the 
traviolet  and  removed  all  the  remaining  carotenoids.  The 
drd  extract  (50  ml.)  accounted  for  6.5%  ultraviolet  absorption 
id  the  fourth  extract  of  50  ml.  left  in  the  hvpophase  no  appre- 
able  quantity  of  material  absorbing  at  3240  A. 
i  Effect  of  Ordinary  Laboratory  Illumination.  Commercial  butter 
.as  clarified  and  analyzed  in  duplicate  in  two  kinds  of  glassware. 
i  one  case,  all  manipulations  were  done  in  amber  glassware 
vimble  amber  laboratory  glassware),  as  recommended  by  Em- 
•ee  (4);  in  the  other,  ordinary  Pyrex  ware  was  used.  Results 
i  the  two  samples  agreed  within  1%  in  both  the  visible  and  ultra- 
\olet  regions,  indicating  that  ordinary  diffuse  laboratory  light 
ies  not  affect  the  spectroscopic  values  obtained  under  these 
inditions.  Absorption  values  of  pure  vitamin  A  in  ethanol 
ilution  were  not  changed  by  fairly  intense  irradiation  from  an  in- 
mdeseent  source  (l.f). 


Sampling  Error.  Many  duplicate  determinations  made  dur¬ 
ing  this  study  indicate  that  butter  is  easily  sampled  after  removal 
of  water  and  salts.  The  surface  butterfat  exposed  to  air  wa,s 
avoided  when  possible.  Spectroscopic  results  were  easily  dupli¬ 
cated  with  differences  of  1%  or  less. 

Recovery  of  Added  Vitamin  A.  Two  samples  of  pure  vitamin 
A  alcohol  (0.325  mg.)  were  carried  through  the  entire  analytical 
procedure  in  the  absence  of  butterfat.  The  resultant  extract  had 
a  characteristic  curve  identical  with  that  of  vitamin  A  and  a 
spectroscopic  recovery  of  93  =*=  1%  was  obtained.  In  another  ex¬ 
periment,  3  mg.  of  crystalline  vitamin  A  alcohol  were  dissolved  in 
30  grams  of  melted  butterfat  that  was  very  low  in  carotenoids. 
One  gram  of  this  butterfat-vitamin  mixture  was  then  diluted  ten¬ 
fold  with  more  melted  butterfat.  After  analysis  the  absorption 
values  of  the  butterfat  sample  alone  were  subtracted  from  those 
of  the  enriched  sample  (in  duplicate).  Characteristic  absorption 
curves  that  agree  well  with  those  of  pure  vitamin  A  alcohol  were 
thus  obtained.  Recoveries  of  97.0  to  95.5%  were  calculated.  A 
similar  experiment  was  performed  on  duplicate  samples  of  a  but¬ 
terfat  (sample  7)  rich  in  carotenoids.  Exact  duplication  of  the 
characteristic  vitamin  A  curve  was  obtained  in  this  case.  Re¬ 
coveries  of  99.4  and  94.2%  were  calculated. 

Stability  of  Extracts.  The  ether  solutions  from  sample  7  were 
examined  spectroscopically  after  2  weeks  in  cold  storage  at  4°  C. 
While  no  change,  qualitative  or  quantitative,  was  detected  in  the 
region  above  4000  A.,  a  general  decrease  in  absorption  was  found 
belowo  this  wave  length.  This  decrease  amounted  to  9%  at 
3240  A.  A  decrease  of  similar  magnitude  in  30  hours  was  noted 
in  the  extract  from  a  relatively  “colorless”  sample.  These  re¬ 
sults  are  typical  and  indicate  the  necessity  for  prompt  spectro¬ 
scopic  readings  in  the  ultraviolet,  whereas  observations  in  the 
visible  region  may  be  considerably  delayed  if  extracts  are  stored 
under  the  proper  conditions. 

Attempts  to  Improve  Ultraviolet  Characteristic  Curves. 
Attempts  were  made  to  reduce  the  general  absorption  in  the 
ultraviolet  by  purification  of  the  vitamin  A  extract  through  re¬ 
moval  of  interfering  substances. 

Clarification.  The  authors’  observations  indicate  that  spectro¬ 
scopic  data  on  butters  in  the  visible  region  may  be  converted  to 
the  butterfat  basis  by  multiplying  by  the  factor  1.20,  as  calcu¬ 
lated  from  carotenoid  absorption  in  the  visible  region.  This  is 
presumably  due  only  to  the  removal  of  water  and  salt  as  colorless 
material  by  clarification.  Clarification  also  removes  certain 
materials  which  absorb  in  the  ultraviolet,  and  the  corresponding 
correction  factor  at  3240  A.  was  ca.  1.35  for  the  three  samples 
examined.  It  is  advisable  to  clarify  samples  of  butter  before 
analysis  because  such  materials  may  not  be  uniform  in  all  butters 
and  because  the  analytical  data  are  thus  placed  on  the  fat  basis, 
making  variations  in  water  or  salt  content  unimportant. 

Adsorption.  When  the  ether  extract  was  passed  through  a 
10-cm.  (4-inch)  column  of  magnesia-Supercel  (50-50)  and  the 
ether  percolate  made  to  volume,  no  change  was  noted  in  the  ab¬ 
sorption  spectrum  of  the  carotenoids  in  the  visible  region,  or  in 
the  quantity  of  total  carotenoids  present.  The0ultraviolet  ab¬ 
sorption,  however,  increased  about  10%  at  3240  A. 

Treatment  of  a  “colorless”  butterfat  with  Lloyd’s  reagent, 
which  has  been  used  to  decolorize  butters  and  remove  vitamin  A 
(12),  failed  to  provide  a  base  curve  which  could  be  interpreted  as 
representative  of  the  general  absorption — i.e.,  other  than  that 
represented  by  vitamin  A.  The  difference  between  the  butterfat 
curve  and  that  of  decolorized  fat  did  not  approach  the  curve  of 
vitamin  A. 

Acid  Extraction.  When  the  final  ether  solution  from  sample 
106  was  extracted  with  0.5  N  hydrochloric  acid,  followed  by  0.5  N 
sodium  hydroxide  and  water,  a  small  decrease  in  ultraviolet 
absorption  occurred  and  small  changes  (perhaps  isomeric)  were 
found  in  the  visible  absorption. 

Freezing.  The  ether  extract  was  chilled  in  a  dry  ice-acetone 
bath  and  rapidly  filtered  on  a  cold  filter  in  an  effort  to  freeze  out 
impurities.  A  14%  decrease  occurred  in  the  absorption  value  at 
3240  A.  but  the  decrease  was  general  in  the  ultraviolet  and,  there¬ 
fore,  no  improvement  in  the  characteristic  curve  resulted. 

Stability  of  Carotenoids  in  Stored  Samples.  Ten  months 
after  the  first  spectroscopic  observations,  referee  samples  6  (15) 
and  7  (both  kept  at  —20°  C.)  were  re-examined.  For  the  former 
sample,  the  4370  A.  absorption  remained  constant  but  the  value 
at  4780  A.  decreased  5%.  In  the  case  of  sample  7,  however,  the 
absorption  at  4370  A.  decreased  5%  but  that  at  4780  A.  decreased 
28%  and  the  resultant  characteristic  curves  of  the  total  carot¬ 
enoids  and  the  carotene  fraction  from  this  sample  now  resembled 
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those  from  CS-3,  a  silage  butter.  The  cause  of  these  changes 
was  not  investigated,  but  it  is  evident  that  the  carotenoids  in 
butterfat  may  undergo  considerable  change  with  time,  even  at 
low  storage  temperatures.  Isomerization  may  be  involved. 

Correlation  between  Spectroscopic  and  Biological  Re¬ 
sults.  Twenty-four  samples  were  assayed  biologically  by  the 
rat-growth  method.  Fourteen  relatively  “colorless”  samples 
were  produced  from  two  cows  fed  rations  lacking  in  carotenoids 
but  supplemented  by  various  amounts  of  vitamin  A  in  the  form 
of  a  fish  liver  oil  concentrate.  Ten  samples  of  yellow  butter 
were  from  cows  fed  alfalfa  hay  or  a  diet  supplemented  by  various 
amounts  of  carrot-root  carotene  (7).  All  samples  were  stored  at 
—  20°  C.  Unfortunately,  the  time  intervals  (1  to  21  months) 
were  rather  great  between  the  dates  of  churning  and  the  spectro¬ 
scopic  observations. 

The  vitamin  A  activity  of  the  relatively  “colorless”  samples  is 
.attributed  almost  exclusively  to  vitamin  A  per  se,  derived  from 
eod  liver  oil  of  the  ration  supplement.  Corresponding  values  of 
E\  (observed  on  unclarified  butters)  were  corrected  for  water 
and  salt  content  by  multiplication  of  the  observed  value  by  1.35 
and  for  general  absorption  by  0.78,  a  factor  discussed  previously 
{15).  The  -vitamin  A  contents  corresponding  to  such  absorption 
values  were  calculated  on  the  assumption  that  the  corrected  ab¬ 
sorption  in  the  ultraviolet  was  due  to  vitamin  A  alcohol  {E\  ^  = 
1825  at  3240  A.). 

Most  of  the  samples  high  in  carotenoids  were  clarified  before 
analysis ;  for  such  samples  the  ultraviolet  absorption  values  were 
simply  multiplied  by  the  factor  0.78  before  calculation  of  vitamin 
A  content,  and  total  carotenoids  were  determined  from  absorp¬ 
tion  measurements  at  4370  A.  (Jo).  The  total  carotenoid  con¬ 
tent  was  divided  by  2  (9)  and  added  to  the  vitamin  A  content. 

W  ith  neither  set  of  butters  were  spectroscopic  calculations 
sufficiently  well  correlated  with  biological  results  to  establish  a 
clear  cut  relationship.  When  a  line  was  drawn  through  the  ori- 


Figure  3.  Ultraviolet  Absorption  Spectra  of  Ether  Extracts 

106.  Winter  creamery  butter,  no  artificial  color  added 

7.  Butter  From  cow  Fed  alfalfa  hay 

8.  Butter  From  cow  Fed  carrot-root  carotene  supplement 
AB-3.  Butter  from  cow  fed  alfalfa-brome  silage 

CS-3.  Butter  From  cow  fed  com  silage 
B-3.  "Colorless"  butter  from  cow  fed  on  ration  lacking  carotenoids 


gin  to  approximate  the  median  line,  individual  samples  < 
“colorless”  butters  deviated  from  this  line  a  maximum  of  20c 
with  a  mean  absolute  deviation  of  10%.  With  the  yellow  serie 
it  was  apparent  that  the  two  very  different  types  of  rations  mal 
a  separate  treatment  desirable  with  regard  to  correction  factor 
Deviations  from  median  lines  similar  to  those  from  the  “colorless 
series  could  be  obtained. 

•  DISCUSSION 

The  varied  nature  of  the  curves  for  total  carotenoids  froi 
different  types  of  butter  (Figure  1)  and  the  changes  which  caro 
enoids  may  undergo  during  storage  make  difficult  the  optical  e 
timation  of  the  particular  carotenoids  that  have  vitamin  A  pi 
tency.  The  wave  length  4370  A.  appears  to  be  the  best  choice  f< 
total  carotenoid  estimation,  at  least  until  more  detailed  spectri 
scopic  data  are  available  on  the  various  individual  carotenoic 
present  and  on  such  of  their  isomers  as  may  occur  in  butter. 

It  is  reasonable  that  a  measure  of  total  carotenoids,  such  as  ol 
tained  by  the  use  of  wave  length  4370  A.,  should  be  inadequai 
in  itself  and  should  require  a  correction  factor,  the  magnitude  c 
which  is  dependent  on  the  dietary  source  of  the  carotenoids. 

Carrot-root  carotene  contains  large  amounts  of  a -carotene,  an 
some  y-carotene  in  addition  to  /3-carotene,  as  well  as  appreciab 
quantities  of  other  carotenoids,  while  alfalfa  hay  contains  / 
carotene,  various  carotenols,  and  decomposition  products  of  can 
tenoids.  Recent  developments  in  the  application  of  isomeriz; 
tion  methods  to  the  study  of  carotenoids  (2,  10)  show  the  con 
plexity  of  this  problem. 

The  rather  high  content  of  carotenols  found  in  the  referee  bu 
ters  (15)  causes  the  carotene  fraction  to  be  considerably  moi 
significant  than  the  total  carotenoids  from  the  standpoint  ( 
measurement  of  vitamin  A  potency.  It  is  possible  that  measun 
ments  on  the  carotene  fraction  would  have  required  smaller  co 
rection  factors  than  were  applied  to  the  total  carotenoid  absoq 
tion. 

It  is  noted  in  Figure  2  that  the  curves  for  sample  106  an 
referee  sample  3,  creamery  butters  of  January  and  July,  respe 
tively,  are  very  close  together  and  approximate  the  curve  of 
mixture  of  /3-carotene  and  neo-/3-carotene.  Indeed,  the  charai 
teristic  curves  for  all  six  referee  samples,  taken  at  inter va 
throughout  the  year,  were  remarkably  similar  in  both  the  ultr; 
violet  and  visible  regions.  Clarification  and  hot  saponificatio 
may  promote  isomerization  of  /3-carotene  but  it  is  not  unlikel 
that  neo-/3-carotenes  occur  naturally  in  butterfat.  Strain  it 
ported  no  spectroscopic  change  in  the  carotenoid  spectrum  affi 
heating  3  hours  at  50°  C.  during  clarification  (13).  It  is  evider 
that  the  carotene  fraction  of  butters  from  silage-fed  cows 
qualitatively  different  from  those  of  butters  from  other  source 
in  agreement  with  previous  work  on  this  subject  (11). 

Ultraviolet  characteristic  curves  of  ether  extracts  from  som 
butterfats  show  a  decreasing  (or  at  least  not  greatly  increasing 
absorption  below  3240  A.  Most  of  the  interfering  absorption  i 
this  region  may  be  due  to  carotenoids.  Removal  of  the  carotem 
fraction  from  referee  sample  3  by  90%  methanol  decreased  tli 
ultraviolet  absorption  very  much.  However,  the  ultraviol* 
characteristic  curve  of  the  carotenol  fraction  (after  transferem 
to  ether)  did  not  resemble  that  of  vitamin  A  any  more  close! 
than  did  the  curve  of  the  original  ether  extract. 

Numerous  other  methods  of  handling  the  data  were  tried  in  a 
attempt  to  obtain  a  straight-line  relationship  which  would  resui 
in  smaller  deviations,  but  no  better  results  were  obtained.  I 
the  case  of  the  butters  of  the  yellow  series,  the  carotenoids  wet 
treated  as  a  mixture  of  /3-carotene  and  neo-/3-carotene.  Add 
tion  of  the  calculated  /3-carotene  content  (after  division  by  2)  t 
the  vitamin  A  content  gave  no  better  correlation.  The  maximui 
deviations  for  these  samples  are  smaller  than  those  reported  b 
Fraps,  Kemmerer,  and  Meinke  (5),  who  applied  corrections  of 
somewhat  similar  nature  to  butters. 
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Efforts  to  obtain  agreement  between  spectroscopic  and  bio- 
l[ical  results  with  six  silage  butters  failed  completely.  The 
lament  system  in  such  butters  is  too  complex  to  permit  a  similar 
iferpretation  at  the  present  time.  This  is  recognized  as  a  seri¬ 
es  objection  to  the  use  of  this  method  at  present.  Considerable 
iprovement  is  needed  before  this  method  can  be  successfully 
dployed  on  butterfats  from  cows  on  different  diets,  even  for 
Imparative  purposes. 

The  calculation  method  presented  above  was  based  on  nu- 
rrous  assumptions  which  are  not  necessarily  better  than  others 
tit  might  well  be  made.  The  necessity  for  such  assumptions 
•  ses  from  the  great  complexity  of  the  problem  and  the  multitude 
<  factors  which  interfere  with  a  direct  and  simple  spectrophoto- 
litric  determination  of  vitamin  A-potent  substances  in  butter- 
1,.  Errors  inherent  in  the  biological  method  must  also  be  con- 
Aered  in  such  correlations  as  were  attempted  here.  An  exact 
I  .tistical  treatment  of  the  data  was  not  considered  profitable 
Lause  of  the  many  sources  of  error  involved.  It  is  hoped  that 
t;se  observations  may  be  of  assistance  in  the  final  development 
l  a  more  direct  treatment  and  more  general  application  of  ab- 
jption  data  to  obtain  contents  of  vitamin  A-potent  substances 

i  butterfats.  The  extraction  procedure  employed  is  considered 
g equate  and  reliable.  Further  fractionation  appears  desirable, 
giecially  the  separation  of  vitamin  A  from  other  carotenoids. 

SUMMARY 

Samples  of  butterfat  produced  under  different  dietary  condi- 
1ns  were  studied  by  the  direct  spectroscopic  method.  Total 
irotenoids  were  estimated  and  ultraviolet  measurements  were 
llide  on  the  unsaponifiable  fraction.  Characteristic  curves  'of 
I;  total  carotenoids  and  of  the  carotene  fraction  from  very  light 
Colorless”  butters,  yellow  butters,  and  butters  from  cows  fed 
lalfa-brome  grass  and  corn  silages,  were  compared  with  that  of 
f carotene.  Corresponding  curves  of  the  unsaponifiable  fraction 

ii  the  ultraviolet  region  were  compared  with  that  of  vitamin  A. 
''Effects  of  clarification,  adsorption,  acid  extraction,  and  freez- 
fi;  upon  the  characteristic  curves  were  studied,  as  well  as  various 
i :tors  affecting  the  reliability  of  the  experimental  procedures. 


Twenty-four  samples  were  assayed  biologically  and  attempts 
made  to  correlate  spectroscopic  with  biological  values.  No 
clear-cut  relationship  could  be  established.  The  feed  of  the  cows 
has  a  great  influence  on  the  nature  of  the  carotenoids  present  in 
the  butterfat.  More  extensive  purification  of  the  vitamin  A  frac¬ 
tion  is  desirable  for  the  successful  application  of  direct  spectro¬ 
photometry  to  the  determination  of  vitamin  A  in  butterfats. 

ACKNOWLEDGMENT 

The  writers  are  grateful  to  J.  G.  Baxter,  Distillation  Products, 
Inc.,  for  the  sample  of  crystalline  vitamin  A  for  use  as  a  stand¬ 
ard,  R.  E.  Roberts,  Purdue  University  Creamery,  for  sample  106, 
and  C.  J.  Koehn  for  use  of  referee  samples. 

LITERATURE  CITED 

(1)  Baumann,  C.  A.,  Steenbock,  H.,  Beeson,  W.  M.,  and  Rupel,  I. 

W.,  J.  Biol.  Chem.,  105,  167  (1934). 

(2)  Beadle,  B.  W.,  and  Zscheile,  F.  P.,  Ibid..,  144,  21  (1942). 

(3)  Dornbusch,  A.  C.,  Peterson,  W.  H.,  and  Olson,  F.  R.,  J.  Am. 

Med.  Assoc.,  114,  1748  (1940). 

(4)  Embree,  N.  D.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  13,  144  (1941). 

(5)  Fraps,  G.  S.,  Kemmerer,  A.  R.,  and  Meinke,  W.  W.,  J.  Assoc. 

Official  Agr.  Chem.,  24,  731  (1941). 

(6)  Hauge,  S.  M.,  Westfall,  R.  J.,  Wilbur,  J.  W.,  and  Hilton,  J.  H., 

J.  Dairy  Sci.,  27,  63  (1944). 

(7)  Hilton,  J.  H.,  Wilbur,  J.  W.,  and  Hauge,  S.  M.,Ibid.  27,  57  (1944). 

(8)  Koehn,  C.  J.,  “Procedure  for  Determination  of  Vitamin  A  and 

Carotene  in  Market  Butters”,  mimeographed  form  (Oct. 
1942). 

(9)  Morton,  R.  A.,  Analyst,  65,  263  (1940). 

(10)  Polgdr,  A.,  and  Zechmeister,  L.,  J.  Am.  Chem.  Soc.,  64,  1856 

(1942). 

(11)  Quackenbush,  F.  W„  Steenbock,  H.,  and  Peterson,  W.  H., 

Ibid.,  60,  2937  (1938). 

(12)  Shrewsbury,  C.  L.,  and  Kraybill,  H.  R.,  J .  Nutrition,  11,  103 

(1936). 

(13)  Strain,  H.  H„  J.  Biol.  Chem.,  127,  191  (1939). 

(14)  Zscheile,  F.  P.,  and  Henry,  R.  L.,  Ind.  Eng.  Chem.,  Anal.  Ed., 

14,  422  (1942). 

(15)  Zscheile,  F.  P.,  Nash,  H.  A.,  Henry,  R.  L.,  and  Green,  L.  F„ 

Ibid.,  16,  83  (1944). 

Journal  Paper  No.  103  of  the  Purdue  University  Agricultural  Experiment 
Station. 


Adaptor  for  Angle  Centrifuge  Tests 

W.  E.  BAIER,  California  Fruit  Growers  Exchange,  Research  Department,  Ontario,  Calif. 


COMMONLY  used  laboratory  centrifuge  is  the  Interna¬ 
tional,  usually  fitted  with  tubes  or  cups  swinging  on  trun- 
Dns.  Other  types  hold  the  tubes  in  some  fixed  inclination  rela- 
■ve  to  the  axis  of  rotation.  The  patented  angle  centrifuge  as 


supplied  by  Ivan  Sorvall  employs  angles  up  to  50  and  for  certain 
classes  of  work  offers  advantages  of  speed  and  efficiency  as  com¬ 
pared  with  the  trunnion  cup  type.  The  International  Equip¬ 
ment  Co.  offers  interchangeable  angle  heads. 

Any  laboratory  already  equipped  with  an  ordinary  centrifuge 
may  readily  improvise  the  means  for  testing  the  efficacy  of  the 
angle  centrifuge  in  some  particular  application  and  thereby  justify 
the  investment  in  the  second  machine.  Under  present  conditions 
the  improvised  equipment  may  well  suffice  for  regular  operation 
where  a  two-tube  angle  centrifuge  is  adequate.  In  some  work  it 
is  advantageous  after  angle  centrifuging  to  transfer  the  tubes  to 
the  ordinary  pivoted  trunnions,  thus  to  compact  a  precipitate  at 
the  bottom  of  the  centrifuge  tube.  Routine  simultaneous  treat¬ 
ment  by  pairs  in  this  manner  is  conveniently  accomplished  with 
the  present  device. 

The  sketch  shows  the  construction  of  a  simple  adaptor  which 
was  made  for  conducting  tests  with  a  size  2  International  centri¬ 
fuge,  No.  241  centrifuge  head,  No.  310  trunnion  rings,  and  No. 
302  bronze  tubes.  When  the  adaptor  is  rested  upon  the  two  op¬ 
posite  trunnion  rings  and  the  No.  302  bronze  tubes  are  inserted 
in  the  collars  and  trunnion  rings,  the  system  becomes  rigidly  po¬ 
sitioned  and  is  ready  for  operation  as  an  angle  centrifuge. 


Titrimetric  Determination  of  Zinc 

Application  to  Alloy  Analysis 

PHILIP  J.  ELVING1  AND  JOHN  C.  LAMKIN2,  Purdue  University,  Lafayette,  Ind. 


The  purpose  of  the  work  described  was  to  develop  a  rapid  control 
method  for  the  determination  of  zinc  in  alloys  and  ores.  The  pro¬ 
cedure  consists  of  precipitation  of  zinc  as  the  oxalate  in  aqueous 
acetic  acid  solution,  centrifugal  separation  of  the  precipitate, 
solution  of  the  precipitate  in  sulfuric  acid,  and  titrimetric  determina¬ 
tion  with  standard  permanganate  solution  of  the  oxalic  acid  formed. 
The  application  of  the  method  to  alloys  and  concentrates  is  described. 

THE  principal  purpose  of  the  work  described  in  this  paper  was 
to  develop  a  rapid  control  method  for  the  determination  of 
zinc  in  alloys,  which  might  be  used  in  place  of  the  phosphate 
method.  It  was  believed  advisable  to  determine  zinc  in  its  cus¬ 
tomary  position  in  the  procedures  usually  used  for  alloy  analysis. 
There  has  been  no  attempt  to  change  the  methods  of  determina¬ 
tion  of  the  other  elements;  only  an  attempt  to  simplify  and 
shorten  the  zinc  determination. 

Since  oxalate  precipitates  have  two  very  desirable  properties — 
namely,  ease  of  ignition  and  applicability  to  permanganate  titra¬ 
tions — the  possibility  of  obtaining  a  zinc  oxalate  precipitate  was 
investigated.  The  simplicity  and  speed  of  the  titration  of  oxalic 
acid  by  permanganate  solution  were  the  factors  which  led  to  the 
choice  of  such  a  titration  as  a  rapid  method  for  the  final  deter¬ 
mination  of  the  zinc.  A  study  was  also  made  of  the  use  of  the 
centrifuge  as  an  aid  in  the  separation  and  washing  of  the  zinc 
oxalate  precipitate.  The  technique  of  the  method  as  finally  de¬ 
veloped  was  largely  based  on  that  used  by  Elving  and  Caley  (6) 
for  the  determination  of  magnesium. 

The  most  important  methods  used  for  the  separation  of  zinc  are 
probably  the  precipitation  of  the  zinc  as  the  ammonium  phos¬ 
phate  or  as  the  sulfide. 

^  The  precipitation  of  zinc  as  the  ammonium  phosphate,  Zn- 
NH4PO4,  is  accomplished  by  adding  a  large  excess  of  diammonium 
hydrogen  phosphate  to  a  neutral  solution  containing  a  high  con¬ 
centration  of  ammonium  salts.  The  zinc  ammonium  phosphate 
precipitate  can  be  weighed  as  such  by  drying  at  105°  to  110°  C., 
or  it  may  be  changed  to  zinc  pyrophosphate,  Zn2P207,  by  ignition 
at  900  °  C.  This  method  is  used  for  the  determination  of  zinc  in 
brasses  and  bronzes.  The  procedure  for  analysis  requires  that 
the  tin,  lead,  and  copper  be  first  removed  as  stannic  oxide,  lead 
oxide  or  sulfate,  and  copper.  If  iron  is  present,  it  is  precipitated 
as  the  hydroxide  and  filtered  off.  Zinc  is  then  determined  in  the 
filtrate. 

The  precipitation  of  zinc  sulfide  is  very  often  used  in  the 
analysis  of  ores.  Zinc  can  be  separated  from  aluminum,  iron, 
cobalt,  nickel,  manganese,  and  chromium  by  saturating  a  buffered 
solution  of  the  ions  with  hydrogen  sulfide.  The  solution  must 
have  a  pH  ranging  from  2  to  3;  several  buffering  systems  have 
been  proposed  for  obtaining  this  hydrogen  ion  concentration 
(5,  7, 9-12).  The  sulfide  precipitate  may  be  converted  to  the  ox¬ 
ide  by  ignition  at  800°  to  900°  C.,  to  the  sulfate  by  dissolving  in 
hydrochloric  acid  and  evaporating  with  sulfuric  acid,  or  to  the 
pyrophosphate  by  solution  and  precipitation.  It  may  be 
weighed  as  zinc  sulfide  after  special  treatment  or  its  zinc  content 
may  be  determined  titrimetrically  as  subsequently  described. 

The  electrolytic  separation  of  zinc  is  best  accomplished  in  a 
solution  which  has  been  made  slightly  acid  with  acetic  acid  and 
contains  a  considerable  amount  of  sodium  acetate.  Alkaline 
solutions  tend  to  give  high  results,  due  to  the  presence  of  zinc 
oxide  or  hydroxide  deposit.  The  electrolytic  methods,  because 
of  the  special  equipment  needed,  the  experience  and  care  neces¬ 
sary  to  get  reliable  results,  and  the  unavoidable  errors  involved, 

1  Present  address,  Publicker  Commercial  Alcohol  Co.,  Philadelphia,  Pa. 

2  Present  address,  Monsanto  Chemical  Co.,  St.  Louis,  Mo. 


are  often  less  desirable  than  the  sulfide  or  the  ferrocyan 
method. 

The  most  commonly  used  titrimetric  method  for  the  determi 
tion  of  zinc  is  the  one  in  which  a  standard  solution  of  potassi 
ferrocyanide  is  used  as  the  titrant. 

The  zinc  is  first  separated  from  the  other  interfering  ions 
solution  by  precipitation  with  hydrogen  sulfide.  The  suli 
precipitate  is  dissolved  in  dilute  hydrochloric  acid,  and 
hydrogen  sulfide  is  expelled  by  boiling.  The  solution  is  ms 
neutral  with  ammonium  hydroxide  and  then  acid  again  w 
dilute  hydrochloric  acid.  After  addition  of  ferrous  sulfate 
solution  is  titrated  with  a  standard  potassium  ferrocyanide  sc 
tion.  Zinc  is  precipitated  according  to  the  following  reaction 

3Zn  +  +  +  2K+  +  2Fe(CN)6 - =  K2Zn,[Fe(CN)6]4 

Several  indicators  have  been  employed  for  this  titrati 
Uranyl  nitrate,  ammonium  molybdate,  or  ferric  chloride  is  of 
employed  as  external  indicator.  The  preferable  internal  ir 
cators  are  diphenylamine,  diphenyl  benzidine,  or  sodium 
phenylamine  sulfonate. 

In  connection  with  their  determination,  several  elements  h; 
been  precipitated  as  the  oxalate.  Calcium  is  almost  universs 
determined  in  limestones  and  cements  by  the  precipitation  of  < 
cium  oxalate  in  an  ammoniacal  or  acetic  acid-buffered  soluti 
In  an  aqueous  medium  a  great  many  metallic  oxalates  appeal 
form  complex  oxalate  ions  which  can  be  broken  up  with  the 
suiting  precipitation  of  the  metallic  oxalate  by  the  addition  c 
relatively  large  volume  of  acetic  acid  {3,  4,  6, 13,  14, 15). 

Zinc  oxalate  was  precipitated  by  Classen  ( 4 )  in  the  follow 
manner: 

A  large  excess  of  potassium  oxalate  and  an  equal  volume 
acetic  acid  were  added  to  the  solution  containing  zinc,  iron,  i 
aluminum  nitrates.  After  standing  at  about  50°  C.  for  6  hoi 
the  precipitate  was  filtered  and  washed  with  a  solution  contain 
equal  volumes  of  acetic  acid,  ethyl  alcohol,  and  water.  The  z 
oxalate  was  converted  to  zinc  oxide  by  heating  for  several  minu 
at  red  heat.  The  oxide  was  weighed.  Nass  {13)  repeated  Cl 
sen’s  work. 

Ward  {15)  precipitated  zinc  oxalate  from  an  acetate  solution 
adding  2  grams  of  oxalic  acid  and  a  volume  of  acetic  acid  equi 
lent  to  the  volume  of  zinc  acetate  solution  present.  The  solut 
was  allowed  to  stand  overnight  and  was  then  filtered  through 
mat  of  asbestos  on  a  Gooch  crucible.  The  zinc  oxalate  was  c 
solved  in  dilute  (1  to  4)  sulfuric  acid  and  the  resulting  solut 
was  then  titrated  with  potassium  permanganate  solution. 

In  these  studies  the  necessary  conditions  for  successful  prec: 
tation  were  not  sufficiently  studied  and  the  practical  applicat 
of  the  method  was  not  described. 

REAGENTS  AND  APPARATUS 

Reagents.  Baker’s  c.p.  acetic  acid  was  used;  its  purity  \ 
found  by  evaporating  50  ml.  of  the  acid  in  a  platinum  dish.  0 
tenth  of  a  milligram  of  residue  was  found  after  ignition  ii 
muffle  furnace  at  550°  C. 

Standard  zinc  solutions  containing  0.2008  and  0.999  mg.  of  z 
per  ml.  were  prepared  by  dissolving  the  proper  amount  of  M 
linckrodt’s  analytical  reagent  grade  zinc  in  dilute  sulfuric  a( 
Each  solution  was  checked  by  evaporating  a  definite  volume  i 
platinum  dish.  The  residue  was  ignited  at  550°  C.  and  af 
cooling  was  weighed  as  zinc  sulfate.  A  saturated  solution 
ammonium  oxalate  w'as  prepared  by  dissolving  ammonium  0 
late  in  hot  wrater  and  allowing  the  excess  oxalate  to  crystallize 
cooling. 

Apparatus.  The  steam  bath  used  for  digestion  of  the  oxal 
precipitate  consisted  of  a  large  steam  cone  which  was  cove 
with  a  metal  sheet  with  holes  cut  in  it  of  such  size  as  to  allow 
much  of  the  pear-shaped  centrifuge  tube  as  possible  to  be 
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Isle  I.  Effect  of  One  Gram  of  Salt  on  Precipitation  of  Zinc 
Oxalate  in  a  70%  Acetic  Acid  Solution 

Salt  Zinc  Present  Zinc  Found  Difference 

Mg.  Mg.  Mg. 


NH4N03 

NH4N03 

(NH4)2S04 

(NH4)2S04 

NH.Cl 


10.0 

10.0 

10.0 

10.0 

10.0 


10.0 

9.9 

10.0 

9.9 

0.0 


No  precipitate  formed  after  1.5  hours  of  digestion, 
pcipitate  appeared. 


0.0 

-0.1 

0.0 

-0.1 

a 

After  12  hours  some 


Table  II.  Determination  of  Zinc  by  Titration  of  Oxalate  with 
Potassium  Permanganate 

(Zinc  oxalate  precipitated  from  a  70%  acetic  acid  medium) 


Zinc  Taken 

Zinc  Found 

Difference 

Mg. 

Mg. 

Mg. 

1.0 

0.8 

-0.2 

0.6 

-0.4 

0.8 

-0.2 

0.8 

-0.2 

10.0 

9.9 

-0.1 

9.9 

-0.1 

10.0 

0.0 

10.0 

0.0 

25.0 

24.9 

-0.1 

24.9 

-0. 1 

25.0 

0.0 

25.0 

0.0 

ised  to  the  steam.  An  ordinary  metal  can  or  box  would  serve 
well  if  steam  could  be  passed  into  it. 

The  centrifuge  used  was  a  Precision  Scientific  Company  model 
t  the  type  commonly  used  for  the  determination  of  water  and 
diment  in  petroleum  products  ( 2 ).  The  tubes,  which  were 
ose  usually  employed  for  the  same  determination,  had  a  pear- 
aped  bulb  with  a  narrow  stem  and  were  of  100-ml.  capacity, 
ay  type  of  centrifuge  tube,  large  enough  and  of  construction  to 
low  the  precipitate  to  be  slung  to  the  bottom  without  being 
sturbed,  might  have  been  used.  A  straight-walled  centrifuge 
be  of  100-ml.  capacity  with  a  tapering  stem  of  the  type  also 
led  for  the  determination  of  water  and  sediment  in  petroleum 
inducts  ( 2 )  might  avoid  the  difficulty  occasionally  encountered 
hen  the  precipitate  clings  to  the  slanting  walls  of  the  pear- 
aped  tube.  Pyrex  all-glass  wash  bottles  were  used  for  washing 
ie  zinc  oxalate  precipitates.  The  removal  of  the  centrifugate 
as  accomplished  by  immersing  a  tube,  which  was  connected  to  an 
pirator  through  a  series  of  two  traps,  in  the  supernatant  liquid, 
his  tube  was  drawn  to  a  long  tapering  point,  so  that  it  could  be 
imersed  in  the  centrifuge  tube  without  touching  the  sides. 

PRECIPITATION  OF  ZINC  OXALATE 

Effect  of  Acetic  Acid  Concentration.  The  precipitation 
zinc  oxalate  was  studied  in  the  following  manner: 

A  known  amount  of  standard  zinc  solution,  containing  1,  10,  or 
)  mg.  of  zinc,  was  transferred  to  a  250-ml.  beaker.  Enough 
ater  was  added  to  make  the  final  volume,  after  the  addition  of 
,!etic  acid  and  oxalate  solution,  the  desired  concentration.  For 
:ample,  10  ml.  of  standard  solution  which  contained  1  mg.  of 
nc  per  ml.  were  pipetted  into  a  250-ml.  beaker;  then  15  ml.  of 
ater  were  added;  next  70  ml.  of  glacial  acetic  acid;  and  finally 
ml.  of  saturated  ammonium  oxalate  solution  were  added  drop- 
ise  with  constant  stirring.  This  gave  an  acetic  acid  concentra- 
DQ  of  70%. 

The  precipitate  was  allowed  to  digest  on  a  steam  bath  for  1  to  2 
purs.  The  time  required  for  digestion  decreased  with  increasing 
:etic  acid  concentration.  After  digestion  was  completed,  the 
ilution  was  filtered  through  Whatman  No.  42  filter  paper  and 
ie  precipitate  was  washed  with  an  acetic  acid  solution  of  the 
me  concentration  as  the  medium  in  which  the  precipitation  was 
irried  out.  A  rubber  policeman  which  had  been  soaked  in 
acial  acetic  acid  for  3  days  was  used  as  an  aid  in  transferring  the 
■ecipitate  to  the  filter  paper.  The  paper  and  precipitate  were 
aced  in  a  weighed  porcelain  crucible  and  ignited  at  650°  C. 
.he  zinc  was  then  weighed  as  the  oxide.  The  results  obtained 
dicated  that  the  optimum  concentration  of  acetic  acid  is  70%. 
t  this  concentration  precipitation  was  complete,  the  precipitate 
;agulated  rapidly,  and  the  solution  was  easily  filtered. 

Effect  of  Ammonium  Salts.  After  the  optimum  acetic  acid 
mcentration  had  been  determined,  a  study  was  made  of  the 


effect  of  certain  ammonium  salts  on  the  precipitation  of  zinc 
oxalate  (Table  I). 

One  gram  of  ammonium  chloride,  ammonium  nitrate,  or 
ammonium  sulfate  was  added  to  95  ml.  of  a  solution  containing  70 
ml.  of  acetic  acid  and  10  mg.  of  zinc,  and  5  ml.  of  saturated 
ammonium  oxalate  were  then  added  with  constant  stirring.  The 
precipitate  was  digested,  filtered,  washed,  and  ignited  in  the  same 
manner  as  in  determining  the  optimum  concentration  of  acetic 
acid. 

Apparently,  ammonium  sulfate  and  ammonium  nitrate  have 
no  effect  upon  the  precipitation  of  zinc  oxalate.  Ammonium 
chloride  evidently  inhibited  precipitation,  for  no  precipitate  was 
obtained  after  3  hours  of  digestion.  However,  some  precipitate 
was  obtained  when  the  solution  was  allowed  to  digest  overnight. 

Indirect  Titrimetric  Determination  of  Zinc.  Since  most 
oxalates  can  be  changed  upon  acidification  to  oxalic  acid  which 
can  be  titrated  with  standard  permanganate  solution,  it  was 
deemed  advisable  to  titrate  the  oxalic  aid  formed  by  treating  the 
zinc  oxalate  with  sulfuric  acid.  The  procedure  finally  evolved 
for  the  titrimetric  determination  of  zinc  was  as  follows: 

The  zinc  solution  is  transferred  to  a  100-ml.  centrifuge  tube  of 
the  type  described,  70  ml.  of  glacial  acetic  acid  are  added  with 
enough  water  to  make  the  final  volume  95  ml.,  and  5  ml.  of  satu¬ 
rated  ammonium  oxalate  solution  are  then  added  with  stirring. 
The  precipitate  is  allowed  to  digest  on  a  steam  bath  for  1.0  to  1.5 
hours.  When  digestion  is  complete,  the  tubes  are  placed  in  a 
centrifuge  and  rotated  rapidly  for  3  or  4  minutes.  When  the 
precipitate  has  been  completely  slung  to  the  bottom  of  the  tube, 
the  centrifugate  is  removed  by  suction.  Care  is  necessary,  since 
some  of  the  precipitate  might  be  removed  with  the  liquid.  Any 
precipitate  remaining  on  the  sides  of  the  tube  can  be  removed  by 
rubbing  the  side  with  a  rubber  policeman.  The  loosened  pre¬ 
cipitate  is  slung  to  the  bottom  as  before. 

The  precipitate  is  loosened  from  the  bottom  of  the  tube  and 
washed  by  spraying  a  stream  of  70%  acetic  acid  on  it. 
This  is  best  done  by  tipping  the  tube  in  such  a  way  that  the 
supernatant  liquid  drains  from  the  precipitate.  The  washing  is 
done  in  such  a  manner  that  all  the  precipitate  is  removed  from  the 
bottom  of  the  tube  and  dispersed  throughout  the  washing  me¬ 
dium.  Between  washings  the  tube  is  centrifuged  and  the  super¬ 
natant  liquid  is  removed  by  suction.  Occasionally  it  may  be 
advisable  to  digest  the  precipitate  for  10  minutes  on  the  steam 
bath  before  centrifuging.  When  washing  is  completed  (two 
washings  are  usually  enough),  the  precipitate  is  dissolved  in  25 
ml.  of  dilute  sulfuric  acid  (5  +  95).  The  solution  is  transferred 
to  a  beaker  and  the  tube  is  rinsed  three  times  with  portions  of  the 
dilute  sulfuric  acid.  The  final  volume  is  made  up  to  65  ml.  The 
solution  is  titrated  with  0.025  N  potassium  permanganate  solu¬ 
tion  according  to  the  procedure  recommended  by  Fowler  and 
Bright  ( 8 ). 

The  results  obtained  by  using  this  procedure  with  varying 
amounts  of  zinc  present  appear  in  Table  II.  This  method  is  both 
rapid  and  accurate  if  the  necessary  precautions  are  observed. 

An  alternative  method  of  separating  the  zinc  oxalate  wrould  be 
to  carry  out  the  precipitation  and  digestion  in  a  beaker,  to  filter 
and  wash  the  precipitate  on  paper  or  a  filtering  crucible,  and  to 
dissolve  the  washed  precipitate  in  warm  or  hot  sulfuric  acid  (5  + 
95),  the  solution  obtained  being  used  for  the  titrimetric  deter¬ 
mination  of  oxalate.  Such  a  procedure  W'ould  in  many  cases  be 
preferable  to  the  centrifugal  separation  as  regards  speed  and  con¬ 
venience. 

INTERFERENCES  IN  PRECIPITATION  OF  ZINC  OXALATE 

In  order  to  determine  the  ions  whose  oxalates  might  precipitate 
in  a  70%  acetic  acid  solution,  several  qualitative  tests  were 
made  with  varying  concentrations  of  several  ions. 

Standard  solutions  containing  approximately  1  and  10  mg.  per 
ml.  were  used.  A  definite  amount,  0.1,  0.5,  1,  or  10  mg.,  was 
added  to  a  test  tube.  Enough  water  was  added  to  make  the 
volume  2.5  ml.  Then  7  ml.  of  acetic  acid  and  0.5  ml.  of  saturated 
ammonium  oxalate  solution  were  added.  If  no  precipitate  ap¬ 
peared,  the  solution  w-as  heated  in  a  hot  water  bath  to  determine 
whether  precipitation  would  occur  upon  digestion.  In  case  a 
precipitate  appeared,  the  test  was  made  again  in  the  same  man- 
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Table  III.  Qualitative  Precipitation  of  Oxalates  in  70% 
Acetic  Acid 


- 

NFLOH 

Ion  Tested 

Mg.a 

Addition 

Result 

gn++++ 

1.0 

No 

No  ppt. 

Cu  +  + 

0.5 

No 

Light  blue  ppt. 

1.0 

No 

Light  blue  ppt. 

1.0 

Yes 

No  ppt. 

Pb  +  + 

0.1 

No 

No  ppt. 

0.5 

No 

White  ppt. 

0.5 

Yes 

White  ppt. 

Fe  +  +  + 

10.0 

No 

No  ppt. 

A1  +  +  + 

25.0 

No 

No  ppt. 

Mn  +  + 

0.1 

No 

Light  white  ppt. 

0.1 

Yes 

No  ppt. 

0.5 

Yes 

Light  white  ppt. 

Ni  +  + 

0.1 

No 

No  ppt. 

0.5 

No 

Light  green  ppt. 

0.5 

Yes 

No  ppt. 

1.0 

No 

Light  green  ppt. 

1.0 

Yes 

Light  green  ppt. 

a  Final  volume,  10  ml. 


-ner,  except  that  the  solution  was  made  basic  with  ammonium 
hydroxide  before  adding  acetic  acid.  The  purpose  of  adding 
ammonium  hydroxide  was  to  attempt  to  tie  up  the  ions  in  the 
form  of  ammonium  complexes  and  to  determine  whether  the 
oxalate  would  precipitate  in  the  presence  of  the  ammonium  salt. 
The  results  appear  in  Table  III. 

Nickel,  lead,  and  copper  interfere  when  present  in  concentra¬ 
tions  of  0.5  mg.  or  more  in  10  ml.  of  the  70%  acetic  acid 
..solution.  Lead  and  copper  are  usually  removed  previous  to  the 
.determination  of  zinc  in  a  copper-base  alloy  and  should  cause  no 
particular  trouble.  Nickel,  however,  is  not  removed  by  the  usual 
procedure.  Ammonium  hydroxide  added  to  the  solution  before 
the  addition  of  acetic  acid  tended  to  prevent  precipitation  of  the 
nickel  oxalate.  In  order  to  determine  if  the  nickel  interference 
could  be  avoided,  quantitative  measurements  were  made  by  pre¬ 
cipitating  10  mg.  of  zinc  as  the  oxalate  in  the  presence  of  1  mg. 
,of  nickel  ion  and  1  mg.  of  ferric  ion.  The  ferric  ion  was  added 
because  it  is  not  usually  removed  from  the  solution  before  the  de¬ 
termination  of  zinc.  Iron,  however,  could  be  removed  from  solu¬ 
tion  by  the  addition  of  ammonium  hydroxide  and  filtration  of 
the  ferric  hydroxide.  If  the  iron  was  to  be  determined  this  step 
would  seem  advisable.  The  results  of  these  experiments  were 
high  by  several  tenths  of  a  milligram,  although  results  presented 
below  show  that  the  determination  of  zinc  by  the  oxalate  method 
in  alloys  containing  up  to  0.65%  of  nickel  is  satisfactory. 
If  enough  nickel  is  present  to  disturb  the  zinc  determination,  the 
nickel  should  be  first  precipitated  and  determined  as  the  dimethyl- 
glyoxime  derivative.  When  dealing  with  a  sample  containing 
.an  unknown  amount  of  nickel  this  procedure  is  to  be  recom¬ 
mended.  Manganese,  if  present  in  appreciable  amounts,  should 
be  removed.  In  the  complete  analysis  of  an  alloy  it  can  be  re¬ 
moved  with  the  R203  group  after  oxidation  with  bromine  or  per¬ 
sulfate  to  ensure  its  complete  precipitation.  If  manganese  is  not 
removed,  it  will  be  precipitated  along  with  the  zinc  and  the  value 
obtained  for  zinc  will  have  to  be  corrected  on  the  basis  of  the 
manganese  present  as  determined  by  a  colorimetric  method  ap¬ 
plied  to  the  original  sample.  If  the  zinc  oxalate  precipitate  is 
.determined  by  conversion  upon  ignition  to  the  oxide,  the  man¬ 
ganese  in  the  residue  can  be  determined  colorimetrically. 


Interference  is  to  be  expected  from  the  presence  of  any  e 
ments  such  as  calcium  and  magnesium,  whose  oxalates  are  insolul 
in  70%  acetic  acid  solution. 

DETERMINATION  OF  ZINC  IN  BRASSES  AND  BRONZES 

Zinc  was  determined  by  the  oxalate  method  in  four  alloys  issu 
as  standard  samples  by  the  National  Bureau  of  Standards.  T\ 
samples,  sheet  brass  37b  and  manganese  bronze  62,  contained 
high  percentage  of  zinc;  whereas  two  other  samples,  cast  bron 
52  and  phosphor  bronze  63,  contained  less  than  2.00%  zinc.  T 
certified  analysis  of  the  samples  used  appears  in  Table  IV. 

Tin,  antimony,  lead,  and  copper  were  taken  out  of  solution  £ 
cording  to  the  methods  adopted  by  the  American  Society  f 
Testing  Materials  (1).  Platinum  electrodes  of  the  gauze  ty 
were  used  for  the  electrodeposition  of  the  copper.  The  ano 
rotated  and  the  cathode  remained  stationary.  Electrolysis  w 
done  on  a  Waco  electrolytic  apparatus,  manufactured  by  t 
Wilkens-Anderson  Company. 

Several  variations  of  the  following  procedure  we 
tried,  but  the  procedure  given  seems  to  be  best. 

Sheet  Brass  and  Manganese  Bronze.  Sampl 
of  approximately  0.5  gram  are  used.  The  alloy 
dissolved  in  10  ml.  of  concentrated  nitric  acid  in 
200-ml.  porcelain  casserole  and  the  solution  is  car 
fully  evaporated  to  dryness.  The  residue  is  bak< 
for  a  few  minutes  and  then  dissolved  in  10  ml. 
concentrated  nitric  acid .  The  volume  o  f  the  solutk 
is  brought  to  50  ml.  by  adding  boiling  water.  T1 
precipitate  is  digested  near  the  boiling  point  for  or 
hour,  filtered,  and  thoroughly  washed  with  hot  watt 
The  filtrate,  in  a  200-ml.  electrolytic  beaker,  is  ele 
trolyzed  with  an  initial  current  of  0.2  ampere  and 
potential  between  1.8  and  2.0  volts.  After  electrolysis  has  be< 
carried  on  for  about  10  minutes  one  drop  of  0.1  N  hydrochlor 
acid  is  added  to  the  solution.  After  30  minutes,  electrolysis  cor 
pleted  and  most  of  the  lead  deposited  on  the  anode,  3  nil.  of  co: 
centrated  sulfuric  acid  are  added  and  the  current  is  increased  l 
0.4  to  0.5  ampere.  Voltage  should  not  exceed  2.1  volts. 

After  allowing  ample  time  for  the  copper  to  be  complete 
separated,  usually  2  hours,  and  while  the  current  is  still  on,  tl 
electrodes  are  removed  and  immediately  washed  with  wate 
The  washings  are  caught  in  the  electrolytic  beaker.  The  solutic 
is  neutralized  with  ammonium  hydroxide,  evaporated  to  a  volun 
of  25  to  50  ml.,  and  then  transferred  to  a  100- ml.  volumetric  flasl 
Enough  nitric  acid  is  added  to  dissolve  any  R203  precipitate  whic 
may  have  appeared  after  the  addition  of  the  ammonium  hydro 
ide.  An  excess  of  the  acid  should  be  avoided.  Manganese  can  l 
removed  before  or  after  evaporation  by  precipitation  as  the  h 
drous  oxide  in  the  solution  obtained  from  the  electrolysis. 

After  dilution  to  100  ml.,  a  25-ml.  aliquot  is  placed  in  a  100-ir 
pear-shaped  centrifuge  tube.  The  solution  is  again  brought  bac 
to  the  neutral  point  with  ammonium  hydroxide.  Only 
few  drops  of  the  hydroxide  should  be  required.  Seventy  mi.  i 
acetic  acid  are  added,  followed  by  5  ml.  of  saturated  ammoniu: 
oxalate  solution.  The  procedure  outlined  for  the  titrimetr 
determination  of  zinc  is  then  followed.  The  precipitates  coi 
taining  tin,  lead,  and  copper  are  treated  in  the  customary  manne 

Cast  and  Phosphor  Bronzes.  Cast  and  phosphor  bronzi 
are  run  in  the  same  manner  as  the  high-zinc  alloys,  except  th: 
the  whole  sample  is  used  for  the  zinc  determination  instead  of  a 
aliquot.  After  electrodeposition  of  the  copper  the  solution 
evaporated  in  the  electrolytic  beaker  to  dense  fumes  of  sulfi 
trioxide,  diluted  to  10  ml.  with  water,  allowed  to  cool,  neutralize 
with  ammonium  hydroxide,  and  transferred  to  a  centrifuge  tub 
The  beaker  is  rinsed  with  water  until  the  volume  of  solution  ph 
washings  is  25  ml.;  water  rinsings  are  abandoned  and  glaci; 
acetic  acid  is  used  for  the  final  rinsings.  Glacial  acetic  acid 
added  to  the  solution  in  the  centrifuge  tube  until  a  volume  of  f 
ml.  is  reached.  The  regular  titrimetric  procedure  is  then  followei 

The  results  obtained  from  following  such  a  procedure  appear  i 
Table  V.  This  procedure  is  fairly  simple  and  can  be  carried  oi 
with  fairly  inexpensive  equipment.  Two  or  more  samples  can  I 
centrifuged  while  other  samples  are  being  digested  or  titrated. 

ATTEMPT  TO  DETERMINE  ZINC  IN  AN  ALUMINUM  ALLOY 

Because  of  the  favorable  results  obtained  in  the  analysis  c 
copper-base  alloys,  an  attempt  was  made  to  determine  zinc  by 


Table  IV.  Composition  of  National  Bureau  of  Standards  Samples'1 


No. 

Alloy 

Gu 

% 

Zn 

% 

Sn 

% 

Pb 

% 

Fe 

% 

Ni 

% 

x - —Others - - 

% 

;37b 

Sheet  brass 

70.36 

27.09 

0.99 

0.90 

0.21 

0.45 

Sb  0.16 

52 

Cast  bronze 

88.33 

1.89 

7.90 

1.52 

0.12 

0.13 

■62 

Manganese 

bronze 

59.07 

35.06 

0.82 

0.56 

0.13 

0.64 

Mnl.59,  A1  1.13 

,63 

Phosphor 

bronze 

78.05 

0.48 

9.91 

9.74 

0.27 

Sb  0.55,  As  0.19,  P  0.62 

a  Analyses  obtained  from  National  Bureau  of  Standards. 
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e  e  V.  Determination  of  Zinc  in  National  Bureau  of  Standards 

Samples 

- Zinc  Found- 


Av. 

devia- 


Sample 


bronze, 
B.S.  No.  62 


1*’ 


t  brass, 
o.  37b 


N.B.S. 


Il,  bronze,  N.B.S. 
o.  52 


Ispbor  bronze, 
.B.S.  No.  63 


concentrate, 
.B.S.  No.  113 


Pres- 

— Zinc— 

Differ- 

Av. 

devia- 

tion 

of 

ent 

Found 

ence 

Mean 

tion 

mean 

% 

% 

% 

% 

% 

% 

35.06 

35.16 

0.10 

35.24 

0.08 

0.03 

35.20 

0.14 

35.20° 

0.04 

0.02 

35.25 

0.19 

35.47 

0.41 

35.25 

0.19 

35.12 

0.06 

27.09 

27.27- 

0.18 

27.07 

0.07 

0.03 

27.09 

0.00 

27.06° 

0.03 

0.01 

26.91 

-0. 18 

27.03 

-0.06 

27.09 

0.00 

27.04 

-0.05 

27.05 

-0.04 

1.89 

1.98 

0.09 

2.01 

0.02 

0.01 

2.00 

0.11 

2.02 

0.13 

2.02 

0.13 

0.48 

0.51 

0.03 

0.51 

0.01 

0.00 

0.52 

0.04 

0.52 

0.04 

0.50 

0.02 

61.1 

60.8 

-0.3 

60.9 

0.2 

0.1 

60.9 

-0.2 

61.2 

0.1 

61.2 

0.1 

60.9 

-0.2 

60.5 

-0.6 

Calculated  on  basis  of  omission  of  one  or  two  results  whose  deviation 
eds  four  times  the  average  deviation. 


iilar  procedure  in  an  aluminum  base  alloy,  National  Bureau 
Standards  Sample  86,  containing  1.50%  of  zinc.  The 
I:  oxalate  could  not  be  precipitated  from  the  solution  obtained 
|the  dissolution  of  the  alloy  because  the  high  concentration  of 
s  greatly  interfered  when  the  solution  was  adjusted  for  the 
Icipitation  of  zinc  oxalate.  The  addition  of  ammonia  caused 
il  precipitation  of  aluminum  hydroxide  which  could  be  filtered 
n  the  solution  only  if  a  very  large  volume  were  used.  If  this 
e  done,  a  very  large  volume  of  filtrate  was  obtained.  So  much 
re  was  consumed  in  the  evaporation  of  such  a  large  volume  that 
method  was  abandoned.  A  preliminary  separation  of  zinc 
hydrogen  sulfide  did  not  seem  to  present  any  advantages  over 
il;  method,  because  it  would  be  much  easier  to  weigh  the  oxide 
u  ch  could  be  obtained  by  ignition  of  the  sulfide  precipitate. 

3ETERMINATION  OF  ZINC  IN  ZINC  CONCENTRATES  AND  ORES 

tfwo  National  Bureau  of  Standards  samples,  Nos.  113  and  2a, 
are  analyzed  for  zinc  content.  Sample  113  was  a  zinc  concen¬ 
tre  containing  61.1%  of  zinc.  This  sample  has  not  been 
cnpletely  analyzed  by  the  National  Bureau  of  Standards;  how- 
bt,  the  following  analysis  in  per  cent  has  been  reported  for  this 
Bicentrate:  moisture,  0.05;  acid-insoluble  material,  4.97; 
clmium,  0.42;  copper,  0.03;  iron,  0.88;  aluminum,  not  deter- 
bied  separately;  lead,  0.33;  calcium  carbonate,  0.77;  magne- 
s:m  carbonate,  0.32;  sulfur,  31.25;  zinc  (by  difference),  60.99. 
nple  2a  was  a  synthetic  one  prepared  from  ores  from  all  over 
United  States,  containing  a  pure  zinc  blende  from  Joplin, 
;  a  mixture  of  franklinite,  willemite,  calcite,  etc.,  from  Frank- 
1 N.  J. ;  an  impure  blende  from  Colorado  containing  a  good  deal 
ron,  copper,  and  lead;  and  enough  cadmium  sulfide  to  give 
ut  0.6%  cadmium.  The  zinc  content  of  this  sample  was 
53%  on  the  as-received  basis. 

Ik 

Determination  of  Zinc  in  Zinc  Concentrate.  A  0.20- 
g  m  sample  is  weighed  into  a  porcelain  casserole,  5  ml.  of  con- 
Citrated  nitric  acid  are  added,  and  the  casserole  is  covered  with  a 
*tch  glass  and  placed  on  a  steam  bath.  When  only  3  ml.  of 
Biition  remain,  7  ml.  of  concentrated  hydrochloric  acid  are 
a  led  and  digestion  is  continued  until  only  2  or  3  ml.  remain. 
Tree  to  4  ml.  of  concentrated  sulfuric  acid  are  added  and  the 
•  jtion  is  evaporated  well  beyond  the  point  of  the  appearance 
othe  first  sulfur  trioxide  fumes.  The  solution  is  cooled  and 
Cuted  to  20  to  25  ml.  The  silica  is  then  removed  by  filtering 


the  solution  through  No.  42  Whatman  filter  paper.  The  residue 
is  washed  several  times  with  hot  water.  The  filtrate  which  was 
collected  in  a  100-ml.  volumetric  flask  is  made  just  basic  to  modi¬ 
fied  methyl  red  and  then  made  slightly  acid  with  dilute  sulfuric 
acid.  The  solution  is  finally  cooled  and  diluted  to  100  ml. 
Aliquot  volumes  of  25  ml.  are  analyzed  for  zinc  by  the  titrimetric 
procedure  described. 

The  results  of  analyzing  the  zinc  concentrate  appear  in  Table 
V.  This  method  seems  very  applicable  to  rapid  assay  analysis 
of  zinc  concentrates  of  this  type  because  the  zinc  can  be  deter¬ 
mined  immediately  after  the  dissolution  of  the  sample.  The  re¬ 
sults  obtained  by  this  method  agree  within  a  few  tenths  of  a  per 
cent  with  that  reported  by  the  Bureau  of  Standards. 

The  attempts  to  analyze  sample  2a  failed  to  give  very  satisfac¬ 
tory  results.  This  sample  was  of  such  a  peculiar  composition 
that  it  was  believed  that  any  procedure  evolved  would  be  useless 
for  samples  obtained  from  natural  ores.  A  procedure  for  the 
analysis  of  this  sample  could  probably  be  worked  out,  and  would 
resemble  that  commonly  used  for  limestone  analysis  with  the 
added  step  of  copper  separation  by  electrolysis.  ^ 

The  procedure  tried  was  as  follows: 

Dissolution  was  obtained  by  aqua  regia.  Silicon,  iron,  and 
calcium  were  removed  according  to  methods  recommended  by  the 
American  Society  for  Testing  Materials.  The  resulting  solution 
was  evaporated  to  dryness  after  the  addition  of  10  ml.  of  concen¬ 
trated  nitric  acid  and  20  ml.  of  concentrated  hydrochloric  acid. 
The  residue  was  taken  up  with  10  ml.  of  dilute  sulfuric  acid  (5  + 
95)  solution  and  the  resulting  solution  evaporated  to  sulfur  tri¬ 
oxide  fumes.  The  residue  was  washed  into  a  100-ml.  centrifuge 
tube  with  hot  water.  If  25  ml.  of  water  were  insufficient  to  ob¬ 
tain  complete  washing,  glacial  acetic  acid  was  used  to  complete 
the  washing.  Enough  acetic  acid  was  added  to  make  a  70% 
solution,  and  precipitation  and  titration  of  the  oxalate  were 
carried  out  as  described. 

The  results  varied  from  29.2  to  31.2%,  compared  to 
30.53%  zinc  reported  by  the  National  Bureau  of  Standards. 
Better  results  could  probably  have  been  obtained  if  copper  had 
been  separated  before  the  precipitation  of  the  zinc  oxalate.  A 
method  such  as  this  would  be  of  value  only  if  a  complete  analysis 
were  carried  out. 

DISCUSSION 

The  method  which  has  been  developed  seems  to  have  several 
definite  advantages  in  certain  cases  as  compared  to  the  phos¬ 
phate  and  sulfide  methods.  When  the  diammonium  phosphate 
method  is  applied  in  alloy  analysis,  it  is  often  necessary  to  destroy 
the  excessive  amounts  of  ammonium  salts  prior  to  precipitation. 
Zinc  oxalate  can  be  precipitated  in  the  presence  of  a  fairly  large 
amount  of  ammonium  salts,  which  therefore  need  not  be  de¬ 
stroyed.  The  zinc  ammonium  phosphate  is  usually  kept  hot  for 
30  minutes  and  digested  in  the  cold  for  at  least  2  hours.  The  di¬ 
gestion  of  zinc  oxalate  rarely  takes  more  than  1.5  hours.  The 
end  point  of  the  permanganate  titration  is  sharp  even  when  very 
dilute  standard  solutions  of  potassium  permanganate  are  used. 
The  oxalate  method  appears  to  be  more  accurate  for  samples  con¬ 
taining  small  percentages  of  zinc  and  probably  would  be  more 
accurate  for  the  larger  percentages,  if  the  entire  sample  were  used 
instead  of  an  aliquot.  The  use  of  the  entire  sample  containing 
high  percentages  of  zinc  would,  however,  decrease  the  speed  of 
analysis  because  of  the  time  which  would  be  consumed  in  evapo¬ 
rating  the  solution  to  25  ml. 

The  separation  of  zinc  sulfide  is  not  an  easy  operation;  there¬ 
fore,  when  no  interferences  would  occur,  the  oxalate  separation 
would  be  preferred.  In  the  analysis  of  ores  and  in  certain  types 
of  alloys  the  sulfide  precipitation  appears  to  be  preferable.  In 
the  complete  analysis  of  a  zinc  ore,  it  might  be  advisable  to  deter¬ 
mine  zinc  by  the  method  proposed  here.  When  only  zinc  is  de¬ 
termined,  the  sulfide  method  of  separation  is  more  desirable.  The 
application  of  the  oxalate  method  to  the  determination  of  zinc 
in  zinc  concentrates  seems  to  be  very  rapid  for  assay  analysis. 
The  accuracy  of  the  determination  will  depend  upon  the  inter¬ 
fering  elements  present.  Procedures  for  analyzing  concentrates 
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and  ores  should  always  be  tested  by  a  sample  representative  of  the 
type  to  be  analyzed. 

The  apparatus  required  for  the  oxalate  method  can  be  found 
in  almost  every  analytical  laboratory.  Any  type  of  centrifuge 
tube  which  allows  the  use  of  a  large  enough  volume  can  be  used. 
The  centrifugal  method  of  separation  of  precipitates  is  as  rapid  or 
more  rapid  than  filtration,  but  washing  by  the  centrifugal  method 
is  much  easier  and  more  complete.  In  many  cases  two  washings 
are  sufficient  to  remove  all  excess  ammonium  oxalate. 

SUMMARY 

Zinc  can  be  completely  precipitated  as  the  oxalate  in  a  70% 
acetic  acid  medium.  The  zinc  oxalate  can  be  separated  by 
use  of  a  centrifuge  or  by  filtration  and  dissolved  in  sulfuric  acid. 
The  oxalic  acid  formed  can  be  titrated  with  a  standard  potassium 
permanganate  solution.  Ammonium  nitrate  and  ammonium 
sulfate  do  not  interfere  with  the  precipitation,  but  ammonium 
chloride  does.  Elements  which  form  oxalate  precipitates  in  70% 
acetic  acid  solution  interfere. 

A  procedure  was  developed  for  the  determination  of  zinc  in 
brasses  and  bronzes.  Four  Bureau  of  Standards  alloys  were 
analyzed  for  zinc  and  favorable  results  were  obtained.  A  pro¬ 
cedure  was  attempted  for  aluminum-base  alloys,  but  the  high 
concentration  of  aluminum  salts  made  the  method  unfeasible. 
An  attempt  was  made  to  determine  zinc  in  an  ore  but  the  sample 
which  was  available  was  of  such  an  unusual  composition  that 
further  work  was  inadvisable.  A  procedure  for  the  determination 
of  zinc  in  a  zinc  concentrate  was  developed  and  favorable  results 
were  obtained  on  a  National  Bureau  of  Standards  sample. 
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Determination  of  Total  Phthalic  Anhydride  in  Oil-Modifie 

Alkyd  Resins 


A.  I.  GOLDBERG,  Brooklyn  College,  Brooklyn,  N.  Y. 


Several  modifications  of  the  Kappelmeier  procedure  for  the  deter¬ 
mination  of  phthalic  anhydride  in  oil-modified  alkyd  resins  are  pro¬ 
posed.  Anhydrous  potassium  phthalate  is  recommended  as  the 
weighing  form  instead  of  the  alcoholate.  A  simplified  saponifica¬ 
tion  procedure  is  suggested.  The  adverse  effect  of  water  and  its 
elimination  are  described.  A  volumetric  procedure  is  offered  in 
place  of  the  gravimetric  one. 


THIS  determination  of  total  phthalic  anhydride,  free  and 
combined,  in  oil-modified  alkyd  resins  has  been  the  subject 
of  a  number  of  papers  ( 3 ,  5 ,  8-11, 14,  IS).  In  the  case  of  the  alkyd 
hypothetically  represented  below,  dipotassium  phthalate,  potas¬ 
sium  linoleate,  and  glycerol  are  obtained  upon  alkaline  hydroly¬ 
sis: 


,Acooch2 

^COOCH 

Ci7H31COOCH2 


/VlOOK 


xs 

KOH 


V 


COOK 


n  C17H31COOK  + 
n  C3H5(OH)3 


The  monomer  within  the  bracket  is  useful  in  representing  the 
molecule  for  analytical  purposes  but  should  not  be  taken  as  an 
indication  of  the  actual  molecular  structure. 


potassium  sulfate  ( 9 )  has  been  reported.  Most  of  these  meth< 
are  laborious,  time-consuming,  or  subject  to  various  errors  (9, 1 
The  Kappelmeier  method  ( 8 ),  which  generally  is  accepted  tod: 
involves  hydrolysis  of  the  alkyd  resin  with  alcoholic  potass! 
hydroxide,  precipitating  potassium  phthalate  containing  one  m 
of  alcohol  of  crystallization. 

WEIGHING  FORM 

The  necessity  for  drying  the  alcoholate  to  constant  weight  oi 
concentrated  sulfuric  acid  in  a  vacuum  desiccator  makes  t 
weighing  form  inconvenient  for  routine  work.  Kappelmeier 
ported  (5)  that  the  alcohol  is  lost  with  difficulty  at  100°  C.,  tl 
heating  in  air  results  in  a  brownish  discoloration,  and  that  dryi 
the  alcoholate  in  a  vacuum  between  100°  and  120°  C.  results! 
slow  loss  of  weight  until  16%  has  been  lost,  which  correspon 
to  exactly  one  molecule  of  alcohol. 

The  tenacity  with  which  the  alcohol  is  held  was  verified.  Ho 
ever,  the  alcoholate  was  decomposed  in  air  quantitatively  withe 
discoloration  by  heating  at  150°  C.  for  3  to  4  hours.  The  th( 
retical  loss  is  15.97%;  15.97  =*=  0.07  was  found  (Table  I).  Tl 
treatment  yields  the  anhydrous  salt  which  is  therefore  reco) 
mended  as  the  weighing  form. 


The  analytical  problem  involved  is  twofold:  (1)  to  isolate  the 
dibasic  acid  quantitatively  and  (2)  to  determine  its  quantity. 
Its  determination  as  phthalic  acid  ( 3 ,  10),  lead  phthalate  (5),  po¬ 
tassium  carbonate  (14),  potassium  phthalate  alcoholate  (8),  and 


METHOD  OF  SAPONIFICATION 

The  standard  method  of  saponification  requires  a  prelimina 
heating  below  the  boiling  temperature,  followed  by  a  prolong 
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'de  I.  Formation  of  Anhydrous  Dipotassium  Phthalate  from  the 
Alcoholate 


'eight 

C«Hi- 

f|OK)2.- 

(HsOH 

i  rams 

Weight 
of  CeHi- 
(COOK)s 
Grams 

CiHsOH 

Lost 

% 

Weight 
of  C6H4- 
(COQKR.- 
CiHsOH 
Grams 

Weight 

Of  C6H4- 

(COOK)2 

Grams 

.676 

.824 

.462 

.162 

1.409 

1.532 

1.226 

0.977 

15.90 

16.01 

16.14 

15.92 

1.634 

1.879 

2.110 

1.512 

1.374 

1.579 

1.772 

1.272 

C2H1OH 

Lost 

% 

15.92 

15.97 

16.02 

15.87 


Table  II.  Rate  of  Hydrolysis  of  Alkyd  Resins 


-Resin  1 - 

-itesin  zi 
Phthalic 

anhy- 

Hydrol- 

anhy- 

Hydrol- 

np. 

dride 

ysis 

Temp. 

dride 

ysis 

?. 

Hr. 

% 

% 

0  c. 

Hr. 

% 

% 

3 

1 

28.0 

77.4 

60 

1 

41.5 

100 

2 

36.0 

100.0 

2 

42.0 

100 

4 

36.2 

100.0 

4 

42.0 

100 

8 

36.0 

100.0 

8 

42.0 

100 

|o 

1 

19.3 

53.4 

50 

1 

42.0 

100 

2 

29.3 

80.9 

2 

42.0 

100 

4 

35.3 

97.5 

4 

42.0 

100 

8 

36.5 

100.0 

8 

42.0 

100 

!0 

1 

13.6 

37.6 

40 

1 

28.0 

66.7 

2 

22.0 

60.9 

2 

42.0 

100 

4 

30.0 

82.8 

4 

42.0 

100 

8 

35.3 

97.5 

8 

42.0 

100 

I  title  refluxing.  This  involves  the  use  of  water  baths,  air-cooled 
<adensers,  and  the  likelihood  of  violent  bumping.  A  simplified 
xtthod  was  investigated  in  view  of  the  exceptionally  rapid  rate 
4  hydrolysis  of  alkyd  resins  (16) . 

Similar-sized  samples  of  a  given  resin  were  weighed  into  a 
ries  of  corked  Erlenmeyers.  A  solution  of  0.5  N  potassium 
Jdroxide  in  absolute  alcohol  was  prepared  and  equal  volumes 
'•re  added  to  each  flask.  They  were  then  set  in  ovens  main¬ 
lined  at  the  given  temperature  ±2°  C.  for  varying  periods  of 
|ne.  At  the  end  of  this  time  they  were  placed  in  a  water  bath 
id  cooled  rapidly  to  room  temperature,  ether  was  added,  and 
iey  were  filtered  into  Gooch  crucibles  within  10  minutes  after 
imoval  from  the  oven.  The  weight  of  phthalic  anhydride  was 
dculated  on  the  resin  solids  basis,  using  the  dipotassium  phthal- 
;e  alcoholate  as  the  weighing  form  (15). 

The  extent  of  hydrolysis  as  a  function  of  time  may  be  calcu- 
ted  by  considering  the  reaction  complete  at  the  point  where 
aximum  and  constant  value  is  obtained.  The  data  in  Table 
indicated  that  refluxing  is  unnecessary.  Indeed,  saponification 
is  been  found  to  be  complete  in  flasks  which  have  been  allowed 
[  stand  18  hours  at  25°  C.  It  is  recommended  that  saponifi- 
ition  be  carried  out  at  55°  C.  for  4  to  6  hours.  It  may  be  neces- 
iry  to  heat  difficultly  saponifiable  resins  overnight.  Higher 
mperatures  may  result  in  building  up  excessive  pressures  within 
le  flask  and  it  is  advisable  to  stopper  the  flask  loosely. 

This  modification  was  tested  upon  two  commercially  prepared 
I  ikyd  resins,  using  the  customary  reflux  procedure  as  a  control. 

oth  the  above  weighing  forms  were  used  to  secure  the  data  in 
Fable  III.  The  modified  saponification  procedure  gave  results 
1  freeing  to  ±  0.35%.  This  less  drastic  saponification  procedure 
r  as  been  used  successfully  on  hundreds  of  samples  of  oil-modified 
Ikyd  resins  of  the  type  of  Rezyl  7818-1  (American  Cyanamid 
:  Chemical  Corp.),  Beckosol  1334  (Reichhold  Chemicals,  Inc.), 
alkyd  A-4-D  (Falk  and  Co.),  Glyptal  ZV-1125  (General  Electric 
•'ompany),  etc. 

EFFECT  OF  WATER 

The  necessity  of  precipitating  the  dipotassium  phthalate  under 
nhydrous  conditions  has  been  noted  (9).  The  quantitative 
fleet  of  known  quantities  of  water  on  the  precipitation  of  di- 
■otassium  phthalate  was  observed. 

The  alcoholic  potassium  hydroxide  was  prepared  by  drying 
ommercial  absolute  alcohol  over  lime  for  48  hours,  followed  by 


distillation  over  sodium.  The  fraction  distilling  over  at  78-79  0  C 
was  used  to  prepare  the  0.5  N  alcoholic  potassium  hydroxide. 
The  c.p.  potassium  hydroxide  contained  13%  water  and  thus 
introduced  0.5%  of  water  into  the  alcoholic  potassium  hydroxide 
solution.  Solutions  containing  up  to  8%  more  water  were  pre¬ 
pared  by  adding  calculated  quantities  of  water  to  this  stock  solu¬ 
tion. 

Table  IV  shows  a  maximum  of  37.4%  phthalic  anhydride  ob¬ 
tained  where  no  water  was  added.  An  error  of  1%  is  introduced 
in  the  presence  of  2%  added  water.  A  further  increase  in  water 
content  leads  to  large  errors.  In  another  series  of  determinations 
where  the  same  alkyd  resin  was  analyzed  using  commercial 
absolute  alcohol  and  c.p.  potassium  hydroxide  the  average  of 
six  determinations  was  37.05  =*=  0.05%. 

Preparation  of  Limed  Alcoholic  Potassium  Hydroxide. 
For  each  determination  4.5  grams  of  c.p.  potassium  hydroxide 
are  added  to  125  ml.  of  absolute  alcohol,  10  grams  of  calcium 
oxide,  to  remove  a  maximum  of  2.5%  of  water,  are  added,  and 
the  solution  is  refluxed  for  20  minutes.  The  warm  solution  is 
filtered  rapidly  with  suction,  a  minimum  of  air  being  sucked 
through  to  avoid  absorption  of  carbon  dioxide. 

To  observe  the  effect  of  lime  in  the  preparation  of  the  alcoholic 
potassium  hydroxide,  two  commercial  resins  were  analyzed. 
Table  V  shows  that  the  use  of  lime  results  in  an  increase  of  about 
1%  in  the  determination  of  phthalic  anhydride.  A  comparison 
of  columns  A  and  C  shows  that  the  effect  of  the  addition  of  ether 
is  negligible.  Apparently,  only  in  the  presence  of  an  appreciable 
quantity  of  water  does  the  ether  decrease  the  solubility  of  the 
salt  sufficiently  to  warrant  its  use  (8) . 

VOLUMETRIC  PROCEDURE 

The  advantages  of  the  Kappelmeier  procedure  in  isolating  the 
phthalic  anhydride  as  the  dipotassium  salt  would  be  best  realized 
if  a  convenient  and  accurate  volumetric  procedure  could  be  de¬ 
veloped.  A  volumetric  procedure  which  partially  fulfills  these 


Table  III.  Phthalic  Anhydride  by  Kappelmeier  Reflux  and 
Modified  Kappelmeier  (55°  C.)  Methods 


Reflux 
55°  C. 

Weighing  form.  A  = 
Duplicate  results  listed. 


Resin  3 
A  B 


% 

% 

35.67 

35.69 

35.53 

35.56 

35.57 

35.56 

35.63 

35.69 

CsH^COOKL.CHROH 

Resin  4 
A  B 

%  % 

36.43  36.45 

36.42  36.42 

36.60  36.33 

36.31  36.31 

B  =  CsH^COOK),. 


Table  IV.  Effect  of  Water  on 

Quantitative 

Precipitation 

of 

Dipotassium 

Phthalate 

H2O 

Phthalic 

h2o 

Phthalic 

Added 

Anhydride 

Loss® 

Added 

Anhydride 

Loss® 

% 

% 

% 

% 

% 

% 

0.0 

37.4 

0.0 

2.0 

37.0 

1.0 

0.5 

37.3 

0.2 

4.0 

35.1 

6.2 

1.0 

37.3 

0.2 

8.0 

29.6 

20.7 

“  Assuming  100%  precipitation  where  no  water  was  added. 

Table  V. 

Effect  of 

Lime  in  Preparation  of  Alcoholic  Potash  in 

Modified  Kappelmeier  Procedure 

Resin  3. 

Resin  4, 

Phthalic  Anhydride 

Phthalic  Anhydride 

A 

B 

C 

A 

B 

C 

% 

% 

% 

% 

% 

% 

35.4 

35.6 

35.3 

36.3 

36.9 

36.5 

35.3 

35.5 

35.4 

36.3 

37.1 

36.5 

35.4 

35.6 

35.3 

36.4 

36.9 

36.5 

35.3 

35.5 

35.3 

36.4 

37.5“ 

36.5 

Results  listed  in  quadruplicate 


A  Modified  Kappelmeier,  using  normally  prepared  alcoholic  potassium 
hydroxide. 

B  Modified  Kappelmeier,  using  “limed”  alcoholic  potassium  hydroxide. 
C  Same  as  A  except  for  omission  of  ether  before  filtration  of  potassium 
phthalate. 

a  This  sample  contained  only  half  the  concentration  of  resin  used  in 
all  the  other  samples. 
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Table  VI.  Titration  of  Dipotassium  Phthalate  with  Perchloric  Acid 
in  Glacial  Acetic  Acid 


Weight  of 

Caled.  Weight  of 

Weight 

Caled.  Weight  of 

C4H4(COOK)2 

CsH4(COOK)2 

of  KC104 

C5H4(COOK)s 

Taken 

from  Titration 

Found 

from  KCIO. 

A 

B 

C 

D 

Grams 

Grams 

Grams 

Grams 

0.928 

0.935 

1.061 

0.929 

0.986 

0.995 

1.131 

0.990 

1.154 

1.162 

1.329 

1.160 

requirements  is  based  on  the  use  of  a  feebly  basic  solvent  to  in¬ 
crease  the  basicity  of  the  phthalate  ion.  Hall  and  Werner  (7) 
have  shown  that  perchloric  acid  is  the  most  suitable  of  the  com¬ 
mon  acids  for  titrimetrie  purposes  in  a  glacial  acetic  acid  solvent. 
The  use  of  indicators  in  titrating  amines  with  perchloric  acid  in 
glacial  acetic  has  been  reported  ( 2 ) . 

The  titration  of  dipotassium  phthalate  or  its  alcoholate  can  be 
followed  with  several  indicators — for  example,  bromophenol 
blue,  bromocresol  purple,  and  methyl  violet — the  latter  was  very 
satisfactory  ( 1 ,  4)-  It  is  necessary  to  remove  the  water  present 
in  the  solutions  to  secure  quantitative  results  (6).  The  addition 
of  acetic  anhydride  converts  the  water  to  acetic  acid;  excess 
acetic  anhydride  has  no  effect  on  the  titration  {12).  The  anhy¬ 
drous  perchloric  acid  solution  was  standardized  by  the  use  of 
sodium  carbonate  as  a  primary  standard  (2) ,  the  end  point  being 
taken  at  the  green-yellow  stage.  The  perchloric  acid  presents  a 
little  danger  in  handling.  The  0.1  if  solution  should  be  pre¬ 
pared  carefully  as  indicated  below.  Once  the  perchloric  acid  is 
present  in  the  dilute  solution  it  is  relatively  harmless.  The 
glacial  acetic  solutions  are  most  conveniently  used  in  a  well- 
ventilated  hood. 

The  standard  solution  of  approximately  0.1  N  perchloric  acid 
in  glacial  acetic  acid  was  prepared  by  adding  9  ml.  of  60%  per¬ 
chloric  acid  dropwise  to  36  ml.  of  acetic  anhydride  kept  in  a 
chilled  glass-stoppered  liter  Erlenmeyer  (7).  The  resultant  solu¬ 
tion  was  then  diluted  with  720  ml.  of  glacial  acetic  acid  and  24  ml. 
of  acetic  anhydride  and  allowed  to  stand  2  weeks  until  the  reac¬ 
tion  with  water  was  completed  {18).  To  standardize  the  solu¬ 
tion  a  definite  quantity  of  sodium  carbonate  was  dissolved  with 
gentle  warming  in  a  solution  of  20  ml.  of  glacial  acetic  acid  and 
2  ml.  of  acetic  anhydride  and  brought  to  boiling  (hood)  in  order 
to  react  with  any  water.  Upon  cooling,  this  solution  was  titrated 
with  the  above  perchloric  acid  solution  using  methyl  violet  indi¬ 
cator,  2  drops  per  10  cc.  of  0.2%  methyl  violet  in  glacial  acetic 
acid. 

The  results  obtained  by  titrating  dipotassium  phthalate  isolated 
by  the  modified  Kappelmeier  procedure  are  given  in  Table  VI. 
A  comparison  of  columns  A  and  B  shows  that  the  volumetric 
procedure  gives  results  that  are  0.8%  high.  A  white  precipitate, 
formed  upon  addition  of  the  perchloric  acid,  contained  potassium 
and  was  soluble  in  hot  water  and  insoluble  in  cold  water.  The 
precipitation  of  potassium  perchlorate  under  these  conditions 
has  been  noted  (7).  The  precipitate  was  filtered  off,  dried  to 
constant  weight,  and  used  as  a  basis  for  calculating  the  weight  of 
dipotassium  phthalate.  A  comparison  of  columns  A  and  D  indi¬ 
cates  that  precipitation  is  quantitative. 

Sodium  perchlorate  is  soluble  in  glacial  acetic  acid  while  the 
potassium  salt  is  insoluble.  A  procedure  for  determining  both 
potassium  and  sodium  simultaneously  under  certain  limited 
conditions  is  indicated.  Semiquantitative  results  were  secured 
on  mixtures  of  potassium  acetate  and  sodium  carbonate. 
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Determination  of  Total  Phthalic 
Anhydride  in  Modified 
Alkyd  Resins 

C.  D.  DOYLE,  Resin  and  Insulation  Materials  Division, 
General  Electric  Company,  Schenectady,  N.  Y. 

THIS  paper  presents  confirmatory  evidence  of  the  modif 
Kappelmeier  method  (5)  described  in  the  preceding  pa 
{2),  independently  obtained  during  the  spring  of  1942  by  a  sii 
lar  modification  which  is  used  in  this  laboratory.  This  mo 
fieation,  which  also  eliminates  the  tedious  drying  of  the  resid 
crystals  over  sulfuric  acid,  consists  in  removing  the  alcohol 
crystallization  by  heating  at  210°  C.  for  one  hour.  The  w< 
done  here  indicates  that  the  modification  is  applicable  also 
alkyd  resins  complicated  by  maleic  anhydride  or  fumaric  acid 


Table  1.  Alkyd  Resin  Analysis 

Phthalic  Anhydride 

Standard 

Modifii 

method 

metho 

A 

B 

c 

Resin 

Other  Acids  Present 

% 

% 

% 

1 

Maleic  anhydride 

34.10 

34.06 

34.01 

2 

35.09 

35.17 

35.  o; 

3 

34.80 

34.78 

34. 8( 

4 

42.05 

42.01 

42. 51 

5 

Maleic  anhydride 

35.42 

35.43 

35.4; 

6 

34.78 

34.84 

34.6i 

7 

Maleic  anhydride 

25.95 

25.87 

25.61 

8 

Maleic  anhydride 

17.94 

17.87 

17.81 

9 

Rosin 

28.78 

28.80 

28. 8f 

10 

Fumaric  acid 

34.32 

34.30 

34.6! 

11 

Fumaric  acid 

36.08 

36.06 

35.71 

Procedure.  The  standard  Kappelmeier  procedure  {1) 
followed  up  to  the  point  of  drying  the  filtration  residues  over  cc 
centrated  sulfuric  acid  in  vacuum.  The  crucibles  containing  t 
residues  are  transferred  from  the  low-temperature  oven  to 
210°  C.  oven  for  one  hour.  They  are  then  cooled  over  Dehydri 
weighed,  and  converted  to  phthalic  anhydride,  assuming  < 
potassium  phthalate  as  the  weighing  form. 

Table  I  lists  representative  results  on  the  basis  of  which  t 
two  methods  may  be  compared. 
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(2)  Goldberg,  A.  I.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  16,  198  (1944). 

(3)  Kappelmeier,  C.  P.  A.,  Farben-Ztg.,  40,  1141-3  (1935);  41,  1 

(1936). 


Constant-Level  Float  Valve 


MLBURN  A.  BOGGS,  221 8-B.  Cabrillo  Ave.,  Torrance,  Calif. 

ELE  constant-level  valve  illustrated  in  Figure  1  makes  it 
possible  to  fill  a  glass  bottle  with  distilled  water  from  the  still 
;rvoir  without  running  it  over  and  without  giving  it  con- 
iit  attention  during  the  last  stages  of  filling.  It  can  be  made 
iq  material  available  in  any  laboratory,  and  is  efficient  when 
/ity  supplies  the  pressure.  Its  applications  are  numerous 
varied.  With  the  slit  turned  downward,  the  valve  will 
release  a  vacuum  drawing  liquid  into  a  bottle 


Figure  1.  Float  Valve 


Upper. 


Valve  closed.  Center.  Valve  open. 

Lower.  For  use  i 

A. 

Glass  bulb 

1. 

Liquid  flow 

B. 

Rubber  tubins 

2. 

End  open 

C. 

Glass  tubing 

3. 

End  closed 

E. 

Liquid  level 

4. 

Fire-polished 

F. 

Capillary 

G. 

Slit 

Valve.  A  piece  of  7-mm.  soft-glass  tubing  is  heated  in  a 
it  flame  and  turned  to  thicken  it  at  one  end.  When  the  glass 
sufficiently  thick,  it  is  blown  into  a  bulb  5  to  7.5  cm.  (2  to  3 
hes)  in  diameter.  If  it  is  to  be  used  inside  a  bottle,  the  bulb 
mid  be  as  large  as  can  easily  pass  through  the  mouth, 
i The  length  of  the  stem  may  be  varied ;  the  longer  the  stem  the 
iater  the  closing  pressure,  but  2.5  to  3.75  cm.  (1  to  1.5  inches) 
i  convenient  length.  The  end  is  sealed  off  in  the  flame. 

A.  piece  of  heavy-walled  rubber  tubing  3.75  cm.  (1.5  inch)  long 
slit  half  through  and  the  stem  of  the  bulb  is  forced  into  the 
i  nearly  up  to  the  slit.  A  piece  of  7-mm.  glass  tubing,  bent 
an  angle,  is  forced  nearly  up  to  the  slit  from  the  other  end. 
us  glass  tubing  is  held  in  position  by  running  it  through  a  cork 
>pper  and  holding  the  cork  in  a  clamp.  If  the  angle  of  the 
sss  tubing  is  about  120°  instead  of  90°  as  shown,  the  closing 
ect  is  better  and  the  rubber  is  kept  above  the  liquid  level. 

The  glass  float  must  have  a  small  hole  in  it,  if  it  is  to  be  used 
hot  water.  This  can  best  be  made  by  heating  the  float  on 
ke  side,  touching  the  heated  portion  'with  the  molten  end  of  a  glass 
fli,  and  pulling  out  a  fine  capillary.  When  the  end  of  the 
kpillary  is  broken  and  fire-polished,  a  small  hole  is  left,  which 
’ll  not  fill  with  liquid.  If  sufficient  heat  is  available,  a  small 


round  Pyrex  flask  may  be  fused  to  a  piece  of  Pyrex  tubing. 
This  will  usually  withstand  the  pressure  developed  inside  the 
bulb. 

If  the  pressure  is  very  great,  the  valve  will  squirt  a  small 
stream  of  water  high  into  the  air  during  the  last  stages  of  closing. 
This  may  be  prevented  by  a  guard: 

A  section  of  flat  rubber  (tube  patching  is  good)  is  cut  in 
a  rectangular  piece  about  as  long  as  the  rubber  tubing  of  the 
valve  and  as  wide  as  the  circumference.  Two  strips  of  the 
same  material  are  wrapped,  one  on  the  other,  around  the  upper 
section  of  the  rubber  tube,  and  the  rectangular  piece  is  placed 
on  top  of  them,  extending  well  over  the  slit  and  down  over 
the  sides.  These  pieces  should  be  wired  in  place,  or  fastened 
with  a  rubber  band. 


Hot  Distilled  Water  Reservoir 

WILBURN  A.  BOGGS,  221 8-B.  Cabrillo  Ave.,  Torrance,  Calif. 


THE  arrangement  shown  in  Figure  1,  using  the  float  valve 
described  in  the  preceding  article  will  provide  a  constant  sup¬ 
ply  of  about  6  liters  (1.5  gallons)  of  hot  distilled  water  per  hour, 
if  only  a  small  amount  (500  ml.  or  less)  is  drained  off  at  a  time. 
Fresh  water  is  added  continuously,  but  the  volume  is  large 
enough  to  prevent  variation  of  pH  or  temperature.  The  quality 
of  the  water  is  equal  to  that  which  has  been  boiled  for  2  hours 
or  longer,  and  is  delivered  from  the  buret  at  a  temperature 
of  above  98°  C. 

Tubes  G,  M,  and  N  are  placed  in  the  positions  shown  and 
held  in  place  by  clamps  above  the  bottle’s  mouth.  The  top 
of  the  bottle  is  left  open  to  allow  the  steam  to  escape. 

The  steam  coil  is  conveniently  made  by  running  0.6-cm.  (0.25- 
inch)  copper  tubing  through  a  piece  of  pipe  and  then  winding  it 
around  the  outside  of  the  pipe.  The  buret  shown  may  be  made 
from  a  Pyrex  test  tube  (3.75  X  50  cm.,  1.5  X  8  inches),  to 
which  a  7-mm.  tube  is  attached.  It  is 
filled  by  opening  pinchcock  Ri  and  emptied 
by  R2. 

The  hole  in  the  bottom  of  the  Pyrex 
bottle  is  made  by  drilling  with  a  piece  of 
1.9-cm.  (0.75-inch)  copper  tubing  rotated 
by  hand  or  by  a  small  motor.  A  small 
constant  supply  of  wet  Carborundum  or 
valve-grinding  compound  must  be  supplied 
to  the  drill. 

If  steam  is  not  available,  the 
bottle  is  placed  on  a  hot  plate  and 
supplemental  heat  furnished  by  a 
standard  inside  heating  element. 

A  more  constant  rate  of  heating 
can  be  attained  by  using  a  hot 
plate  in  conjunction  with  the 
steam  coil. 


Figure  1.  Reservoir 

A .  Pyrex  bottle,  5  gallons 

B.  Closed  steam  coil 

C.  Float  valve 

E.  Pyrex  buret 

F.  Base,  5-gallon  can 

G.  Distilled  water  inlet 

M.  Steam  inlet 

N.  Steam  outlet 

O.  Rubber  stoppers 

P.  Glass  tubing 
R.  Pinchclamps 

5.  Soft  rubber  tubing 

T.  Stiff  wire  braces 

U.  Buret  exhaust 

V.  Hot  water  level 
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Mineral  Contamination  Resulting  from  Grinding  Plant  Sample 


S.  L.  HOOD,  R.  Q.  PARKS,  and  CHARLES  HURWITZ 
U.  S.  Plant,  Soil,  and  Nutrition  Laboratory,  Agricultural  Research  Administration,  Ithaca,  N.  Y. 


Various  grinding  methods  have  been  compared  to  determine  the 
number  of  elements  added  during  grinding  and  their  relative  serious¬ 
ness  as  contaminants  in  preparation  of  plant  samples.  This  paper 
reports  the  effects  of  type  of  method,  type  of  plant  material,  duration 
of  grinding,  and  sire  of  plant  sample  upon  contamination. 


HE  program  of  this  laboratory  is  concerned  with  the  nu¬ 
tritive  value  of  food  crops,  and  thus  includes  studies  dealing 
with  the  importance  of  the  micro  nutrient  elements  in  plant 
and  animal  nutrition.  Several  of  these  investigations  require 
extensive  mineral  analyses  of  a  variety  of  plant  materials.  Al¬ 
though  a  number  of  methods  for  grinding  plant  materials  for 
analysis  are  available,  a  survey  of  the  literature  revealed  few  data 
concerning  the  mineral  contamination  resulting  from  different 
grinding  methods. 

Hamilton  and  Morris  ( 3 )  considered  it  inadvisable  to  use  iron 
mills  in  the  preparation  of  feeds  to  be  analyzed  for  iron.  Two 
samples  of  unground  corn  were  found  to  contain,  respectively, 
30  and  39  micrograms  of  iron  per  gram  of  sample,  56  and  67 
micrograms  after  Wiley  mill  grinding,  and  110  ahd  139  micro¬ 
grams  per  gram  after  burr  mill  grinding.  Nakamura  and 
Mitchell  ( 6 )  found  that  grinding  com  in  a  Wiley  mill  increased 
the  iron  content  from  a  value  of  35  to  61  micrograms  per  gram, 
and  that  burr  mill  grinding  increased  the  content  to  125  micro¬ 
grams  per  gram. 

Preliminary  investigations  using  common  grinding  methods 
revealed  extensive  contaminations  and  indicated  the  necessity 
of  a  more  detailed  study  of  both  extent  of  and  conditions  af¬ 
fecting  contamination. 

EQUIPMENT  AND  METHODS 

The  types  of  grinding  equipment  used  were:  Wiley  mill, 
hammer  mill,  mortar  and  pestle,  and  jar  mill,  with  flint,  porce¬ 
lain,  and  Mullite  balls.  (Mention  of  equipment  and  con¬ 
cerns  by  the  U.  S.  Department  of  Agriculture  does  not  con¬ 
stitute  a  recommendation  or  an  endorsement.  No  discrimina¬ 
tion  is  intended  and  no  guarantee  is  implied.)  The  Wiley  mill 
used  was  an  A.  H.  Thomas  Co.,  Size  1  mill,  equipped  with  copper 
alloy  screens.  The  hammer  mill  was  manufactured  by  the 
Christy  and  Norris  Co.  of  England.  A  No.  7  (23-cm.)  Coors 
porcelain  mortar  and  pestle  was  used  to  grind  samples  by  hand. 

I?’^s  were  used — a  single-jar,  2-gallon,  interior  glaze, 
Abbe  Engineering  Co.  porcelain  mill,  and  an  H.  K.  Porter  Co., 
12-place  mill  with  2-gallon,  glazed  porcelain  jars  manufactured 
by  the  Stevenson  Co.,  Wellsville,  Ohio.  The  porcelain  balls 
were  furnished  with  the  12-jar  mill,  the  flint  balls  were  supplied 
with  the  Abbe  mill,  and  the  Mullite  balls  were  purchased  from 
the  Coors  Porcelain  Co. 


Well-mixed  samples  of  seeds  were  used  in  this  investiga 
in  order  to  obtain  representative  unground  samples.  Chem 
analyses  were  carried  out  by  the  procedure  of  Parks,  Hood,  I 
witz,  and  Ellis  (7)  for  twelve  biologically  important  eleme 
iron,  zinc,  copper,  cobalt,  molybdenum,  manganese,  phospho 
sulfur,  calcium,  magnesium,  potassium,  and  sodium.  In 
dition,  boron  was  determined  by  the  method  of  Naftel 
Duplicate  analyses  of  single  samples  were  made  in  all  ca 
and  the  results  reported  on  a  dry  weight  basis.  Of  the  t 
quantity  of  element  in  a  given  sample  after  grinding,  the  pro] 
tion  which  resulted  from  contamination  due  to  grinding 
designated  as  per  cent  contamination,  using  the  increase  over 
unground  sample  as  the  measure  of  contamination.  By 
method  of  calculation,  a  fourfold  increase  in  mineral  coni 
is  reported  as  75%  contamination,  instead  of  the  more  comi 
method  of  presenting  it  as  a  300%  increase.  This  avoids 
cumbersome  use  of  contaminations  expressed  as  hundreds 
thousands  of  per  cent. 

RESULTS 

Various  grinding  methods  were  compared  to  determine  b 
the  number  of  elements  added  during  grinding  and  their  relai 
seriousness  as  contaminants  in  plant  sample  preparation, 
each  comparison,  the  data  for  the  elements  which  were  not  ad 
as  contaminants  during  grinding  are  omitted.  In  several  of 
tables,  the  content  of  a  given  element  is  slightly  less  in  a  groi 
sample  than  in  the  average  of  two  unground  samples.  T1 
differences  are  all  within  the  limits  of  sampling  and  analyt 
error,  as  indicated  by  the  analyses  of  duplicate  unground  sam] 
(Tables  I  and  II). 

Table  I  shows  contaminations  introduced  by  various  grind 
methods.  Iron  and  copper  contaminations  were  high  for 
types  of  grinding  except  mortar  and  pestle.  In  addition,  zi 
cobalt,  and  sodium  were  added  in  appreciable  amounts  by 
jar  mill.  No  significant  contaminations  of  molybdeni 
manganese,  phosphorus,  boron,  sulfur,  calcium,  magnesii 
or  potassium  were  introduced  by  these  grinding  methods  in  1 
comparison. 

Since  the  jar  mill  is  extensively  used  in  the  preparation 
samples  for  microelement  analyses,  a  further  comparison  t 
made  of  contaminations  introduced  by  various  types  of  b; 
used  in  jar  mill  grinding.  The  comparisons  in  Table  II 
seven  elements  showing  contamination  by  flint,  porcelain, 
Mullite  balls  indicate  that  the  latter  two  materials  are  et 
more  unsatisfactory  than  flint,  both  in  the  number  of  eleme 
added  and  the  relative  magnitude  of  the  contaminations.  1 
remaining  six  elements  determined  were  not  added  as  c< 
taminants. 

The  fact  that  jar  n 
balls  wear  apprecial 
during  grinding  is  sho 
by  Table  III.  In  t 
comparison,  the  b; 
were  washed,  drie 
counted,  and  weigl 
before  and  after  grii 
ing.  The  losses 
weight  of  the  ballsduri 
grinding  indicate  tl 
appreciable  wear  to 
place.  The  amounts 
rock  flour  recovered, 
compared  to  loss 
weight  of  the  balls,  sh< 
that  there  was  no  s: 
nificant  wear  on  the  m 


Table  I.  Composition  of  Oat  Grain  Samples 

(Contamination  resulting  from  various  grinding  methods) 


Iron 


Zinc 


Copper 


Cobalt 


Sodium 


Mill 


None 

None 

Mortar  and 
pestle 
Wiley  mill 


Grinding 

Unground 
Unground 
By  hand 


Con- 

Con- 

tami- 

Con- 

Con- 

tami- 

Con- 

Con- 

tami- 

Con- 

Con- 

tami- 

Con- 

tent 

nation® 

tent 

nation2 

tent 

nation® 

tent 

nation2 

tent 

nation" 

y/g- 

% 

y/g ■ 

% 

y/g ■ 

% 

y/g ■ 

% 

Mg/g. 

% 

24.9 

21.9 

4.0 

0.01 

0.25 

24 . 9 

0.0 

21.3 

18.8 

0 .0 

3.5 

4.0 

5.0 

0.01 

0.01 

0.0 

0.32 

0.28 

0.0 

38.2 

35.0 

21.0 

0.0 

9.0 

57.8 

0.01 

0.0 

0.32 

9.4 

43.3 

42.5 

17.3 

0.0 

4.4 

13.6 

0.01 

0.0 

0.32 

9.4 

35.0 

28.9 

166.0 

86.8 

5.5 

30.9 

0.03 

66 . 7 

0.42 

30.9 

10-mesh 
screen 

Hammer  mill  10-mesh 
screen 

Jar  mill,  flint  19  hours 
balls 

latlons^as^d0^ Averages  oMwoyungr(mndns*amiries'.Ven  gr°Und  SamP‘e’  reSU‘ting  fr°m  contaminati°“  due  grinding.  Calc 
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Type  of 

Ball 


Onground 
1  sample 
Onground 
sample 
'lint* 

—’oreelain!’ 
Mullite  6 


:h,  1944 


Iron 


ANALYTICAL  EDITION 

Tabic  II.  Composition  of  Oat  Grain  Samples 

(Contamination  resulting  from  different  types  of  balls  used  in  jar  mill  grinding) 
"  Cobalt  s^di„m 


203 


Zinc 


Copper 


Calcium 


Sulfur 


Con¬ 

tent 

y/g- 

24.9 


35.0 

159.5 

365.0 


Con¬ 

tami¬ 

nation0 

% 


28.9 

84.4 

93.2 


Con¬ 

tent 

y/g- 

21.9 

21.3 

166.0 

196.0 

140.0 


Con¬ 

tami¬ 

nation0 

% 


86.6 

89.0 

85.4 


Con¬ 

tent 

y/g- 

4.0 

3.5 

5 . 5 
9.3 

13.3 


Con¬ 

tami¬ 

nation0 

% 


30.9 

59.1 

71.4 


Con¬ 

tent 

y/g- 

0.01 

0.01 

0.03 

1.12 

0.30 


Con- 

tami- 

nation° 

% 


66.7 
99.1 

96.7 


Con¬ 

tent 

Mg/g. 

0.25 

0.32 

0.42 

1.07 

2.23 


Con¬ 

tami¬ 

nation0 

% 


30.9 

72.9 
87.0 


Con¬ 

tent 

Mg/g. 

1.6 

1.0 

1.2 

1.5 

2.4 


Con- 

tami- 

nation0 

% 


0.0 

13.3 

45.8 


Con¬ 
tent 
Mg/g. 
1.47 
1  42 

1.40 

1.49 

3.35 


Con¬ 

tami¬ 

nation0 

% 


0.0 

2.7 

56.8 


ullitei  365.0  93.2  14U.U  bo.*  io.o 

°  Proportion  of  total  quantity  of  element  in  a  given  ground  sample,  resulting  from  contaminatmn  due  to  grinding. 

of  ;wo  unground  samples. 
t  Grinding  time,  19  hours. 


Abrasion  on  Balls  and  Mill  during  Jar  Mill  Grinding 

(Effect  of  different  types  of  balls) 

Rock  Flour 
Recovered*’ 
Grams 

45 
72 
16 

11  days  grinding,  no  plant  sample. 

Probably  95-98%  recovery. 


Calculations  based  on  averages 


Initial 

Final 

Loss  in 

>e  of 

Weight 

Weight 

Weight 

all 

of  Balls 

of  Balls 

of  Balls 

Grams 

Grams 

Grams 

elain 

5361 

5315 

46 

lite 

6693 

6644 

49 

4412 

4397 

15 

when  flint  or  porcelain  balls  were  used,  but  a  large  amount 
year  on  the  walls  of  the  mill  jar  with  Mullite  balls.  This 
i:t  is  notable,  since  the  data  indicate  that  the  use  of 
a,  tungsten  carbide,  or  other  balls  which  are  harder  than 
material  of  the  jar  will  cause  serious  contamination  due 
fear  on  the  jar  wall. 

o  determine  whether  contamination  is  equally  severe  for 
jrent  types  of  plant  material,  vetch  seed  and  oat  grain  ground 
er  identical  conditions  were  compared.  The  striking  dif- 
nces  in  the  amounts  of  contamination  of  zinc  and  copper 
ble  IV)  were  also  found  for  iron,  cobalt,  and  sodium. 


Table  IV.  Composition  of  Oat  Grain  and  Vetch  Seed  Samples 

(Effect  of  type  of  plant  material  on  contamination  resulting  from  various  grinding  methods) 


Figure  1.  Iron  Contamination  of  Oat 
Grain  as  a  Function  of  Loss  in  Weight  of 
Mullite  Balls  during  Jar  Mill  Grinding 


Oats 


-Zinc- 


Vetch 


Oats 


-Copper- 


Vetch 


1  Mill 

Grinding 

Con¬ 

tent 

y/g- 

Con¬ 

tami¬ 

nation0 

% 

Con¬ 

tent 

y/g- 

Con¬ 

tami¬ 

nation0 

% 

Con¬ 

tent 

y/g- 

Con¬ 

tami¬ 

nation0 

% 

Con¬ 

tent 

y/g- 

Con¬ 

tami¬ 

nation 

% 

ie 

rtar 

and 

Unground 
By  hand 

21.6 

18.8 

0.0 

45.5 

46.9 

3.0 

3.8 

4.0 

5.0 

11.6 

10.6 

o'o 

■estle 
ey  mill 

10-mesh 

21.0 

0.0 

42.0 

0.0 

9.0 

57.8 

11.7 

0.9 

nmer 

mill 

screen 

10-mesh 

17.3 

0.0 

45.7 

0.4 

4.4 

13.6 

11  1 

0  0 

i  mill, 
alls 

flint 

screen 

19  hours 

166.0 

86.8 

64.0 

28.9 

5 . 5 

30.9 

10.7 

0.0 

Proportion  of  total  quantity  of  element  in  a  given  ground  sample,  resulting  from  contamination  due 
rinding. 


iOss  in  weight  of  balls  during  jar  mill  grinding  with  different 
es  of  plant  material  (Table  V)  substantiates  the  view  that 
iding  contamination  varies  with  type  of  plant  material, 
itudies  of  the  effect  of  duration  of  grinding  on  contamination  of 
ee  elements  are  reported  in  Table  VI.  Although  there  is  some 
ience  of  an  increase  in  contamination  with  increased  time  of 
iding,  the  results  are  erratic  for  all  types  of  mills.  For  the  jar 
1  samples  ground  with  Mullite  balls,  loss  in  weight  of  the  balls 
•ing  grinding  was  determined.  When  the  contamination  of 
:  samples  with  iron  is  plotted  against  loss  in  weight  of  the 
lllite  balls  during  grinding  (Figure  1),  a  direct  correlation  is 
nd.  A  similar  trend  occurred  for  calcium,  sodium,  sulfur, 
c,  cobalt,  and  copper.  The  unequal  rates  of  wear  of  the  balls 


can  probably  be  accounted  for  by  nonuniform  chipping,  par¬ 
ticularly  with  the  flint  pebbles,  which  exhibit  a  characteristic 
conchoidal  chipping  during  grinding.  The  rock  chips  are  never 
found  as  such  in  the  plant  samples. 

_ _ ! _ _  The  erratic  nature  of  the  contami¬ 
nation  during  Wiley  mill  grinding  is  less 
easily  explained,  but  is  readily  verified. 
In  Table  VII  are  presented  the  iron 
analyses  of  six  replicate  oat  grain  sam¬ 
ples,  each  ground  once  through  the 
Wiley  mill  with  uniform  feeding  from 
the  hopper.  The  several-fold  variation 
in  contamination  cannot  be  related  to 
any  of  the  factors  being  studied.  In 
some  laboratories  a  magnet  is  passed 
over  such  samples  to  remove  loose 
particles  of  iron.  The  efficiency  of  this 
system  might  also  be  expected  to  vary 
with  different  types  of  plant  material. 
The  contaminating  elements  in  flint 
—  rock  flour  are  present  (Table  VIII)  in 
approximately  the  same  proportion  as  in 
contamination  of  the  oat  grain  sample  ground  in  the  jar  mill  with 
flint  pebbles.  Because  of  the  lack  of  homogeneity  of  the  flint 


Table  V. 

Loss  in  Weight  of  Flint  Balls  during  Jar  1 

(Effect  of  different  types  of  plant  material) 

Plant 

Initial  Weight 

Final  Weight 

Sample 

of  Balls 

of  Balls 

Grams 

Grams 

None 

4412 

4397 

Clover b 

4397 

4386 

Vetchc 

4617 

4614 

Loss  in  Weight 
of  Balls 
Grams 

15 
11 
3 

°  11  days  of  grinding  in  each  case.  ,  .  ,  c„  .  ■„ 

b  100  grams  of  ladino  clover.  This  sample  completely  filled  the  mill. 
c  100  grams  of  vetch  seed. 
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Table  VI.  Composition  of  Oat  Grain  Samples 

Effect  of  time  of  grinding  on  contamination  resulting  from  various  grinding 

methods) 

_ Iron _  _ Zinc _  Copper 

Con-  Con-  Con- 


Mill 

Grinding 

Con¬ 

lami¬ 

Con¬ 

tami- 

Con¬ 

t  a  mi- 

tent 

nation11 

tent 

nation0 

tent 

nation0 

y/g- 

% 

y/g- 

% 

y/g- 

% 

None 

Unground 

24.9 

21.9 

3.8 

Wiley  mill. 

Once 

38.3 

35.0 

21.0 

b'.’o 

9  0 

57.8 

10-mesh 

Twice 

61.6 

59.5 

20.0 

0.0 

9.9 

61.6 

screen 

Four  times 

49.2 

49.4 

21.6 

0.0 

12.0 

68.3 

Jar  mill, 

19  hours 

35.0 

28.9 

166.0 

86.8 

5.5 

30.9 

flint 

33  hours 

48.3 

48.5 

159.0 

86.5 

4.8 

20.8 

balls 

66  hours 

45.0 

44.6 

236.0 

90.6 

6.5 

41.5 

Jar  mill, 

19  hours 

365.0 

93.2 

148.0 

85 . 4 

13.3 

71.4 

Mullite 

33  hours 

677.0 

96.3 

643.0 

96.8 

18.5 

79.5 

balls 

66  hours 

464.0 

94.5 

533.0 

96.0 

13.7 

72.2 

°Proportion  of  total  quantity  of  element  in  a  given  ground  sample,  resulting  from 
contamination  due  to  grinding. 


Table  VII.  Composition  of  Oat  Grain  Samples 


(Erratic  nature  of  contamination  resulting  from  uniform  Wiley  mill  grinding 

technique) 

Replicate  _ Iron _ 


Samples 

Grinding 

Content 

y/g- 

Contamination0 

% 

1 

None 

24.9 

2 

Mortar  and  pestle 

24.9 

b.'o 

3 

Wiley  mill& 

65.0 

61.7 

4 

Wiley  mill& 

194.0 

87.1 

5 

Wiley  mill* 

72.5 

65.7 

6 

Wiley  mill& 

219.0 

88.7 

7 

Wiley  mill& 

136.0 

81.7 

8 

Wiley  mill& 

158.0 

84.4 

°  Proportion  of  total  quantity  of  element  in  a  given  ground  sample,  re¬ 
sulting  from  contamination  due  to  grinding. 

*  10-mesh  screen,  each  sample  ground  once. 


balls  with  respect  to  mineral  content,  successive  grindings  might 
be  expected  to  introduce  variable  contamination  of  a  given 
element. 

Table  IX  illustrates  the  lack  of  homogeneity  in  the  flint  balls, 
by  comparison  of  the  analysis  of  a  single  pebble  picked  at  random 
from  the  mill  charge,  with  the  analysis  of  the  rock  flour. 

The  effect  of  varying  the  size  of  plant  sample  used  during  jar 
mill  grinding  was  also  studied.  The  results  for  five  of  the  ele¬ 
ments  showing  contamination  are  illustrated  in  Figure  2.  The 
increase  in  contamination  with  reduction  in  size  of  sample 
ground  is  very  marked  for  these  five  elements.  Calcium  and 
phosphorus  were  also  added  in  appreciable  amounts  during  the 
grinding  of  the  30-gram  sample. 

DISCUSSION 


It  is  commonly  recommended  ( 1 )  that  for  iron  or  ol 
micro  element  analyses,  plant  samples  should  be  groun< 
a  porcelain  jar  mill  using  flint  pebbles,  instead  of  in  a  W 
or  hammer  mill.  The  basis  of  this  recommendation  is 
known,  since  flint  is  of  marine  origin  and  contains 
preciable  amounts  of  carbonaceous  material  ( 2 ).  The 
suits  obtained  here,  showing  its  mineral  content  and  i 
of  wear  during  grinding,  would  not  support  this  reo 
mendation.  It  has  been  further  recommended  ( 1 )  that . 
contamination  arising  during  grinding  in  a  Wiley  or  ham 
mill  may  be  compensated  by  subtracting  a  grinding  bla 
The  results  presented  in  Table  VII  do  not  substant 
this  recommendation. 

The  grinding  of  plant  samples  for  analysis  for  cerl 
elements  in  a  particular  mill  may  be  possible,  but  e 
mill  and  each  type  of  plant  material  would  have  to 
examined  individually  for  each  element  to  be  determir 


Figure  2.  Contamination  of  Oat  Grain  Samples  as  a  Function 

Sample  Size 

30-,  1 20-,  and  480-gram  samples  of  oat  grain  (bars  A,  B,  and  C,  respectively)  w< 
ground  for  66  hours  In  a  jar  mill  using  flint  balls.  The  480-gram  sample  was  r 
completely  ground  in  this  length  of  time.  The  content  of  each  element  is  denol 
by  the  heights  of  the  bars.  The  shaded  area  represents  the  content  of  the  elemi 
in  the  unground  sample. 

The  data  presented  further  indicate  that  many  of  the  previi 
analyses  and  conclusions  regarding  micro  element  content 
plants  should  be  re-examined  in  light  of  the  grinding  procedu 
used. 


All  the  grinding  methods  studied  except  mortar  and  pestle 
gave  serious  contamination  of  one  or  more  of  the  micro  elements. 
As  a  result,  the  only  satisfactory  methods  of  plant  sample 
preparation  apparent  at  this  time  are  use  of  mortar  and  pestle 
or  not  grinding  the  tissue.  With  care,  it  is  possible  to  grind  a 
plant  sample  by  hand  in  a  large  mortar  and  pestle  without 
losses  and  without  contamination  of  any  of  the  elements  studied. 
Sampling  becomes  much  more  difficult  when  the  tissue  is  un¬ 
ground.  One  partially  satisfactory  method  of  meeting  this 
difficulty  would  be  to  take  samples  small  enough  to  be  ashed  or 
digested  in  their  entirety. 

Other  solutions  of  this  grinding  problem  may  be  possible. 
Purr  ( 8 )  found  it  possible  to  grind  fresh  animal  tissue  by  freezing 
with  liquid  nitrogen  and  pounding  with  a  hammer.  To  avoid 
the  introduction  of  heavy  metals,  Kirk  and  Sumner  (J)  used  a 
porcelain  burr  mill  to  grind  jack  beans  in  the  preparation  of 
urease.  An  attempt  was  made  to  use  this  mill  in  the  present 
study.  Although  preliminary  results  indicated  no  contamina¬ 
tion,  the  design  is  such  that  whole  grains  and  stemmy  materials 
cannot  be  satisfactorily  ground.  It  seems  likely  that  a  similar 
porcelain  burr  mill  could  be  designed  which  would  be  suitable  for 
general  plant  tissue  grinding.  Chrome  or  cadmium  plating  of  the 
inner  surfaces  of  a  hammer  or  Wiley  mill  might  also  be  possible. 


SUMMARY 

In  an  investigation  of  contamination  resulting  from  grindi 
plant  tissues  in  the  common  grinding  mills,  the  effects  of  type 
grinding  methods,  type  of  plant  material,  duration  of  grii 
ing,  and  size  of  plant  sample  upon  contamination  of  thirh 
elements  during  sample  preparation  were  studied. 

Grinding  plant  material  in  Wiley  mill  and  hammer  d 
produced  iron  and  copper  contamination.  Jar  mill  grindi 
with  flint  balls  resulted  in  contamination  of  iron,  zinc,  copp 


Table  VIII.  Comparison  of  Composition  of  Flint  Rock  Flour  wii 
Contamination  in  a  Plant  Sample0 


Element 

Zn 

Na 

Fe 

Cu 

Co 


Micrograms  of 
Element  per 
0.03  Gram  of 
Flint  Rock  Flour 

185.1 

141.0 

13.7 

0.8 

0.01 


Contamination  of 
Plant  Tissue, 
y/g- 

137.4 

130.0 

23.4 

1.0 

0.01 


°  Oat  grain,  ground  33  hours  in  jar  mill,  using  flint  pebbles. 
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lc  IX.  Comparison  of  Composition  of  Single  Flint  Ball  and  Flint 
Rock  Flour  Produced  during  Jar  Mill  Grinding 


Element 

Flint 

Flour 

Single 

Pebble 

Ca 

Mg./g. 

11.7 

Mg./g. 

Mg 

0.06 

0.06 

1 . 5 

K 

6.6 

Na 

4.7 

P 

5.0 

6.2 

S 

0.0 

0.0 

Fe 

y/g- 

458. 

y/g ■ 

Zn 

6170. 

20.9 

Cu 

25.7 

49.3 

Mn 

6.3 

98.8 

Co 

0.35 

1.71 

Mo 

10.0 

0.4 

ialt,  and  sodium.  The  use  of  porcelain  or  Mullite  balls 
_jg  jar  mill  grinding  gave  rise  to  appreciable,  contamination 
iron,  zinc,  copper,  cobalt,  sodium,  and  in  some  cases  calcium, 
iir,  and  phosphorus.  Flint,  porcelain,  and  Mullite  balls 
wear  appreciably  during  jar  mill  grinding.  The  contaminat- 
elements  in  flint  rock  flour  are  present  in  about  the  same 
pportions  as  in  the  contamination  of  a  plant  sample  ground  in 
I:  jar  mill,  using  flint  balls. 

eland  grinding  with  a  mortar  and  pestle  resulted  in  no  ap- 
Iciable  contamination  of  iron,  zinc,  copper,  boron,  cobalt, 
Lnganese,  molybdenum,  calcium,  sodium,  magnesium,  phos- 
[orus,  sulfur,  or  potassium. 

Grinding  contamination  is  erratic  for  both  jar  and  iron  mills. 
I  several-fold  variation  in  iron  contamination  resulted  from 
[iform  Wiley  mill  grinding  technique.  While  iron  contamina- 
|n  of  samples  ground  in  a  jar  mill  using  Mullite  balls  is  almost 
Itraight-line  function  of  loss  of  weight  of  the  balls  during  gnnd- 
:,  the  loss  in  weight  is  not  uniform  with  time. 


Large  increases  in  contamination  of  zinc,  iron,  copper,  cobalt, 
and  sodium  resulted  from  decrease  in  size  of  plant  samples 
ground  in  a  jar  mill  using  flint  pebbles. 

For  the  types  of  mills  studied,  less  contamination  resulted 
from  the  grinding  of  vetch  seed  than  from  the  grinding  of  oat 
grain. 

All  the  mechanical  grinding  methods  used  resulted  in  serious 
contaminations  of  one  or  more  elements.  Although  a  particular 
mill  may  be  used  in  the  preparation  of  plant  samples  for  the 
analyses  of  certain  elements,  it  is  concluded  that  marked  errors 
would  be  involved  in  using  the  common  mills  for  grinding  plant 
tissue  for  general  or  extensive  micro  element  analyses. 
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Glass  Electrode  Assembly  for  Titrating  Microbiological  Vitamin  Assays 

E.  B.  McQUARRIE  AND  H.  J.  KONEN 

Schenley  Research  Institute,  Inc.,  Lawrenceburg,  Ind. 


THE  titration  of  microbiological  vitamin  assays  it  is  often 
more  desirable  to  use  a  glass  electrode  pH  meter  to  determine 
e  end  point  than  to  use  an  indicator  and  note  the  color  change, 
simple  assembly,  using  a  well-known  commercial  glass  elec- 
jde  pH  meter  (Beckman,  Laboratory  Model  G)  and  standard 
moratory  equipment,  has  proved  very  satisfactory  in  this  labo- 
tory,  furnishing  a  simple  and  rapid  accurate  titration  pro- 
dure. 

A  7.5-cm.  (3-inch)  glass  funnel  with  the  stem  cut  off  1.25  cm. 
i.5  inch)  from  its  body  and  fitted  with  rubber  tubing  long  enough 
'  reach  to  a  drain  is  supported  about  7.5  cm.  (3  inches)  from  the 
ooratory  bench.  A  small  piece  of  glass  tubing  connected  to  the 
repressed  air  line  through  a  trap  is  placed  in  the  funnel,  so  that 
|e  bottom  tip  of  the  tube  is  just  in  the  stem  of  the  funnel.  The 
a  of  a  25-ml.  buret  is  inserted  halfway  down  the  funnel  and  over 
one  side.  An  external  glass  electrode  and  calomel  electrode 
!e  suspended  in  the  funnel  about  2.5  cm.  (1  inch)  from  the  bot- 
m  and  slightly  off  center.  A  pinchclamp  is  inserted  in  the  rub- 
■r  tubing  line  just  below  the  stem  of  the  funnel. 

To  titrate  an  assay,  the  pinchclamp  is  put  in  place  and  the  air 
rned  on,  so  that  a  steady  stream  of  bubbles  will  emerge  from 
e  air  tube.  The  assay  medium  is  poured  into  the  funnel  and 
ie  assay  tube  is  washed  with  10  to  12  ml.  of  distilled  water, 
hich  is  also  added  to  the  funnel  content.  The  electrometric 
tration  is  carried  out  in  the  customary  manner.  The  funnel  is 
ien  drained  by  opening  the  pinchclamp,  and  the  assembly  is 
ady  for  the  next  titration. 
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CHLOROMETRY 

A  Titrimetric  Procedure  Available  for  Microanalysis 

NATHAN  I.  GOLDSTONE  and  MORRIS  B.  JACOBS 
Department  of  Health,  City  of  New  York,  N.  Y. 


Standard  sodium  hypochlorite  solution  is  recommended  as  a  general 
titrimetric  reagent  for  microanalytical  work.  The  solution  must  be 
made  with  sufficient  excess  of  sodium  hydroxide  so  that  the  pH  is 
about  12.5  and  must  be  stored  in  brown,  glass-stoppered  bottles. 
Under  these  conditions,  sodium  hypochlorite  solution  is  remarkably 
stable  and  compares  favorably  with  other  titrimetric  reagents.  With 
the  use  of  this  reagent,  chlorometric  determinations  can  be  made  at 
room  temperature  with  ease,  precision,  accuracy,  and  a  sharpness 
of  the  end  point  that  leaves  nothing  to  be  desired  in  an  analytical 
reagent. 


T  IS  a  popular  misconception  that  because  sodium  hypo¬ 
chlorite  is  a  highly  reactive  substance  it  is  too  unstable  to 
be  used  as  a  standard  titrimetric  reagent.  Because  of  this 
belief,  it  has  almost  never  been  used  for  this  purpose. 

“Chlorometry  ’  is  the  term  used  to  designate  the  quantitative 
estimation  of  various  substances  by  use  of  standard  hypochlorite 
solution,  in  a  manner  entirely  analogous  to  iodometry  and  bro- 
mometry.  Although  chlorometric  determinations  have  not 
achieved  any  degree  of  practical  application,  there  are  references 
to  the  use  of  hypochlorite  as  a  macroanalytieal  reagent  in  the 
literature. 

As  early  as  1824,  Gay-Lussac  estimated  the  strength  of  chlo¬ 
rinated  lime  by  permitting  a  fine  suspension  of  chlorinated  lime 
to  now  from  a  buret  into  a  hydrochloric  acid  solution  of  an 
arsenite  and  obtained  the  end  point  of  the  reaction  by  using 
indigo  as  the  indicator.  Deniges  (3)  using  a  similar  modifica¬ 
tion  turned  to  potassium  bromide  as  the  indicator.  However. 
Lunge-Berl  ($)  showed  both  of  these  determinations  to  be  rather 
inaccurate. 

•  J11  respects,  chlorometry  has  as  venerable  a  history  as 

iodometry,  introduced  by  Bunsen  and  Schwarz  in  1853,  the 
bromate  methods  of  Koppeschaar  ( 8 )  and  the  bromometric 
methods  of  Manchot  (10).  Jackson  and  Parsons  (4)  advocated 
the  use  of  sodium  chlorite  as  a  volumetric  oxidizing  agent. 

Jellinek  and  Kresteff  (5),  continuing  a  series  of  studies  of 
newer  methods  in  volumetric  analysis,  presented  chlorometry  as 
a  valuable  volumetric  aid.  They  prepared  a  standard  solution 
of  sodium  hypochlorite  by  passing  chlorine  gas  from  a  small 
tank  of  chlorine  into  N  sodium  hydroxide  solution  until  the 
solution  was  approximately  0.13  N  with  respect  to  sodium 
hypochlorite  content.  They  kept  this  solution  in  a  clear  trans- 
parent  bottle  connected  to  a  buret,  using  rubber  connections, 
and  found  that  with  an  excess  of  alkali  the  titer  of  the  standard 
sodium  hypochlorite  solution  kept  surprisingly  constant.  Thus, 
their  original  titer,  using  the  potassium  iodide-hydrochloric 
.  acid  method  of  estimation,  was  0.1350  to  0.1351  N.  After  7 
days,  the  strength  of  this  solution  was  practically  unaltered, 
niocn  estimations  gave  the  normality  a  value  of  0.1351  to 
U.1352.  After  an  additional  10  days,  the  titer  had  been  re- 
i  ^d.t0  to  °-1328.  They  attributed  this  loss  of  about 

l.o  /0  to  the  fact  that  they  had  made  no  attempt  to  shield  the 
solution  from  sunlight. 

Jellinek  and  Kuhn  ( 6 )  prepared  a  standard  solution  of  sodium 
hypochlorite  m  the  manner  described  by  Jellinek  and  Kresteff 
and  found  it  practically  constant  for  a  number  of  weeks. 

Kolthoff  and  Stenger  (7)  found  that  “H.T.H.”  calcium  hypo- 
chlorite  yielded  stable  solutions.  They  added  excess  bromide 
to  the  sample  to  be  titrated,  so  that  in  their  titrations  the  added 
hypochlorite  actually  behaved  as  hypobromite.  They  stand- 
ardized  their  hypochlorite  solutions  by  titration  against  arsenic 
trioxide  m  acid  or  weakly  alkaline  solution,  using  Bordeaux  as 
the  indicator. 

Chapin  (2)  in  a  study  of  the  decomposition  of  hypohalites 
found  that  potassium  hypochlorite  solution  had  its  maximum 
stability  at  pH  13.1. 


PREPARATION  OF  STANDARD  SODIUM  HYPOCHLORITE  SOLUTIO 

Undoubtedly  one  reason  for  the  lack  of  enthusiasm  ami 
analysts  for  the  use  of  sodium  hypochlorite  as  a  titrimetric 
agent  is  the  apparent  difficulty  of  preparing  such  solutio 
The  authors  discarded  the  cumbersome  method  of  Jellinek  a 
Kresteff  (5)  and  prepared  a  standard  solution  in  the  follow 
simple  manner. 

Transfer  8.0  ml.  of  a  commercial  preparation  of  sodium  hyj 
chlorite  solution  containing  5%  of  available  chlorine  to  a  gla 
stoppered  brown-glass  bottle,  and  dilute  with  water  to  ab< 
2  liters.  If  necessary,  add  sufficient  sodium  hydroxide  (1  gra 
to  raise  the  pH  to  about  12.5,  the  optimum  pH  for  stabili 
To  ascertain  if  the  proper  pH  has  been  reached,  the  custom; 
colorimetric  methods  for  the  determination  of  pH  in  the  rai 
12  to  14  may  be  used.  The  authors  used  Chlorox  as  the  sou 
of  sodium  hypochlorite.  Obtain  the  titer  of  the  solution 
titration  against  a  primary  standard  of  sodium  arsenite  made 
follows : 

Vi  eigh  0.2473  gram  of  arsenious  oxide  (arsenic  trioxide,  AS21 
National  Bureau  of  Standards)  and  dissolve  in  25  ml.  of  1C 
sodium  hydroxide  solution.  Transfer  to  a  1-liter  volumet 
flask,  make  slightly  acid  with  sulfuric  acid  (1  to  6),  and  dill 
with  water  to  1  liter.  This  solution  is  0.005  N. 

The  solution  of  sodium  hypochlorite  made  as  directed  abc 
is  generally  somewhat  stronger  than  0.005  N.  Its  exact  ti 
can  be  determined  by  titration  against  the  standard  arsen 
solution.  Its  normality  may  be  adjusted  to  exactly  0.005  N 
the  usual  procedure. 

TITRATION  PROCEDURE 

To  estimate  the  strength  of  the  sodium  hypochlorite  so 
tion  the  following  simple  procedure  may  be  used. 

Transfer  a  known  aliquot  of  standard  arsenite  solution  tc 
125-ml.  Erlenmeyer  flask  or  a  150-ml.  beaker:  a  4-ml.  aliqi 
if  a  microburet  is  to  be  used  for  the  standard  hypochlor 
solution  and  a  5-ml.  aliquot  if  a  semimicroburet  is  to  be  us< 
A  standard  solution  of  tartar  emetic,  [potassium  antimor 
tartrate,  K(Sb0)C4H406.  J+H2O,  ]  containing  1  mg.  of  antimo 
per  10  ml.  of  solution  may  also  be  used.  Add  5  ml.  of  cc 
centrated  hydrochloric  acid  and  adjust  the  volume  of  the  sol 
tion  to  35  to  40  ml.  by  adding  distilled  water.  Fill  a  mici 
buret  or  semimicro  buret  with  the  standard  hypochlorite  sol 
tion.  Add  1  drop  of  0.05%  methyl  orange  indicator  solution 
the  test  solution  and  titrate  directly  with  the  sodium  hypochlor: 
solution.  Add  another  drop  of  methyl  orange  indicator  soluti 
near  the  end  point  and  continue  the  titration  until  the  color 
the  methyl  orange  is  destroyed.  Make  a  blank  titration  usi: 
exactly  the  same  volume  of  hydrochloric  acid,  water,  and 
drops  of  methyl  orange  indicator  solution,  replacing  the  volui 
of  arsenite  or  antimony  test  solution  by  additional  distill 
water.  The  blank  should  run  about  0. 12  to  0.14ml, 

RESULTS 

In  order  to  determine  the  stability  of  the  standard  sodiu 
hypochlorite  solution  prepared  in  the  manner  directed  abov 
titrations  were  performed  as  detailed  at  intervals  during  3  yeai 
In  all,  five  series  of  experiments  were  run.  Titrations  were  pe 
formed  in  triplicate  and  the  results  averaged.  The  results  0 
tained  in  three  of  these  series  are  representative.  In  the  fir 
the  initial  normality  was  0.004970;  after  102  days  it  was  st 
0.004970;  the  maximum  variation  within  this  period  w; 
+0.000008.  In  the  second  series,  initial  normality  was  0.00557 
after  175  days  this  had  degraded  to  0.005543,  the  maximum  vari 
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within  the  period  being  —0.000021.  In  another  series,  the 
il  normality  was  0.00500  and  at  the  end  of  56  days  was 
1977  with  a  maximum  variation  of  —0.000020.  The  other 
series  gave  comparable  results. 

i  a  check  on  the  accuracy  of  sodium  hypochlorite  solution 
titrimetric  reagent,  arsenic  and  antimony  were  determined 
andard  solutions,  using  both  the  potassium  bromate  and  the 
Urn  hypochlorite  methods. 

DISCUSSION 

i  the  determination  of  microquantities  of  antimonj ,  the 
ssium  bromate  method  ( 1 )  was  not  entirely  satisfactory 
a  number  of  reasons,  the  principal  ones  being  that  titra- 
s  had  to  be  performed  almost  at  the  boiling  point  in  strong 
rochloric  acid  solution  with  the  consequent  production  of 
tively  copious  and  irritating  fumes  of  hydrogen  chloride 
that  the  blank,  using  methyl  orange  as  the  indicator,  was 
e.  The  blank  obtained  using  some  of  the  indicators  sug- 
ed  by  Smith  and  Bliss  {11)  was  even  larger, 
t andard  sodium  hypochlorite  solution  has  several  marked 
antages.  It  is  an  economical  reagent.  One  can  perform  di- 
titrations  with  it.  It  is  unnecessary  to  perform  the  titrations 
levated  temperatures,  eliminating  any  danger  from  the  irritat- 
fumes  of  hydrochloric  acid.  The  blank  is  smaller  than  that 
ained  with  potassium  bromate  titrations.  Hypochlorite  titra- 
is  can  be  performed  under  conditions  of  low  acid  concentration 
hout  apparent  decrease  in  accuracy.  From  0.1  to  1  mg.  of  an- 
ony  or  arsenic  per  10  ml.  of  sample  solution  can  easily  be 
mated.  Titrations  can  be  made  in  glass-stoppered  bottles, 


glass-stoppered  Erlenmeyer  flasks,  or  iodine  flasks,  if  desired,  to 
minimize  losses  attributed  to  volatility.  Many  of  the  indicators 
mentioned  by  Smith  and  Bliss,  and  KolthoS  and  Stenger  can 
be  used  instead  of  methyl  orange  without  increase  of  the  blank. 
The  precision  compares  favorably  with  that  of  other  methods, 
as  can  be  seen  from  the  reproducibility  of  results. 

Several  precautions  must,  however,  be  observed  in  using 
sodium  hypochlorite  solution  as  a  titrimetric  reagent.  It  must 
be  preserved  in  brown,  glass-stoppered  bottles.  It  may  be  kept 
at  room  temperature  without  deterioration  over  considerable 
periods  of  time.  Keeping  the  solution  at  lower  temperatures 
is  perhaps  preferable. 

The  optimum  conditions  for  the  titrations  are  a  volume  of 
at  least  35  to  40  ml.  with  an  acid  concentration  equivalent  to 
5  ml.  of  concentrated  hydrochloric  acid. 
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terminations  of  methoxy  and  methylimide  groups  in  which  thio- 
ifate  alone  is  used  as  a  washer  give  values  considerably  lower  than 
oretical.  This  is  due  to  the  solubility  of  the  methyl  iodide  in  the 
sher,  and  a  subsequent  reaction.  Ethoxy  and  ethylimide  deter- 
nations  are  not  subject  to  this  loss.  The  effect  of  thiosulfate  can 
eliminated  by  using  as  washer  thiosulfate  dissolved  in  saturated 
jium  chloride,  or  by  adding  cadmium  sulfate  as  in  the  standard 
ivimetric  procedure.  The  minor  errors  in  determinations  using 
washers  water,  phosphorus  suspension,  or  0.5%  sodium  carbon- 
are  insignificant  in  comparison  with  that  due  to  thiosulfate.  A 
jid  distinction  between  ethoxy  and  methoxy  can  be  made  by 
>ing  a  determination  with  a  good  washer,  such  as  0.5%  carbonate, 
an  with  5%  thiosulfate;  the  methoxy  value  will  be  reduced  to 
>  to  70%  of  the  original,  while  ethoxy  remains  unchanged. 

Y/ORK  on  alkaloids  in  this  laboratory  required  the  de- 
W  velopment  of  micromethods  of  alkoxy  and  alkimide 
litermination.  The  apparatus  used  was  that  of  Pregl  for 
koxy  and  that  of  Friedrich  for  alkoxy  and  alkimide  deter- 
inations,  and  the  procedure  was  essentially  that  of  modern 
(xtbooks  of  microchemistry.  Three  to  5  mg.  of  material  were 
eighed  on  tinfoil,  dissolved  in  phenol  and  acetic  anhydride, 
3a ted  with  hydriodic  acid,  and  passed  through  a  washer  of  5% 
liosulfate  containing  0.5%  sodium  carbonate.  Final  estima- 
on  was  by  the  Viebock-Brecher  method.  Preliminary  exped¬ 
ients  with  the  Friedrich  apparatus  showed  that  the  values 
btained  with  vanillin  and  several  alkaloids  did  not  agree  with 
aeon*,  calculation  being  from  first  principles.  The  titration 
btained  with  all  methoxy-containing  substances  was  only  50 
o  70%  of  the  theoretical,  while  ethoxy  values  agreed  closely 
dth  theory.  The  method  was  then  examined  in  detail  and  many 


of  the  more  obvious  possible  sources  of  error  were  eliminated. 
The  same  effect  was  found  in  the  Pregl  apparatus.  The  only 
factor  not  eliminated  appeared  to  be  the  washing  solution.  Con¬ 
sequently,  red  phosphorus  suspension,  the  original  washer  of 
Pregl  (9),  as  well  as  water  and  0.5%  sodium  carbonate  was  tried. 
These  gave  theoretical  results  in  the  Pregl  apparatus,  and  values 
some  5%  low  in  the  Friedrich  apparatus.  The  use  of  thiosulfate 
as  a  washer  was  then  investigated,  and  the  literature  searched  for 
counterindications  to  its  use.  Thiosulfate  washers  are  almost 
universally  used  and  recommended  by  the  later  workers  in 
mierochemistry. 


EXPERIMENTAL 

Known  amounts  of  methyl  iodide  were  introduced  into  the 
Friedrich  apparatus  without  any  hydriodic  acid,  drawn  through 
various  washers,  and  titrated  in  the  ordinary  way  With  no 
washer,  or  with  water,  phosphorus  suspension,  or  0.5%  carbon¬ 
ate  the  recovers'  was  almost  theoretical.  With  thiosulfate  there 
was  only  50  to‘65%  recovery,  thus  confirming  the  effect  of  thio- 

«nl  fat  ft 


A  survey  of  results  obtained  with  various  washers  in  the  Pregl 
apparatus  is  given  for  vanillin  in  Table  I,  and  for  phenacetin  in 
Table  II,  which  show  that  the  effect  of  thiosulfate  on  the  methoxy 
value  is  detected  when  1  ml.  of  a  1.5%  solution  is  used.  This 
effect  becomes  much  larger  when  5  to  10%  thiosulfate  is  used, 
while  with  very  high  concentrations  (40%)  theoretical  values 
are  again  obtained.  With  ethoxy  there  was  no  detectable  effect 
in  any  concentration. 


DISCUSSION 

The  effect  of  thiosulfate  is  explained  as  a  result  of  two  factors: 
(1)  the  solubility  of  the  alkyl  halide  in  the  washing  solution,  with 
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Washing 

Solutions 


Water 


0.5%  sodium  carbon¬ 
ate 


1.0%  sodium  bicar¬ 
bonate 

1.5%  sodium  thiosul¬ 
fate 


5%  thiosulfate 


Table  I.  Methoxy  Values  on  Vanillin  (Theory  20.36)° 


Volume  of 
Washing 

Sub¬ 

Solution 

stance 

Ml. 

Mg. 

0.5 

3.790 

3.210 

4.526 

i.o 

5.511 

3.546 

0.5 

4.292 

3.930 

3.552 

3.193 

0 . 5 

4.110 

3.250 

0.5 

3.881 

4.117 

3.350 

3.492 

i.o 

5.454 

3.217 

3.112 

3.388 

3.770 

0.5 

5.710 

4.038 

4.026 

i!6 

3.668 

Titration, 
0.0188  N 
Thiosulfate 

Methoxy 

Ml. 

% 

7.44 

19.1 

6.66 

20.1 

9.39 

20.2 

11.80 

20.7 

7.49 

20.5 

8.52 

19.3 

8.07 

20.0 

7.56 

20.7 

6.66 

20.2 

8.52 

20.1 

6.69 

20.0 

7.57 

19.0 

8.34 

19.7 

6.69 

19.7 

7.29 

20.3 

10.11 

18.0 

6.61 

20.0 

5.60 

17.8 

6.53 

18.7 

6.00 

15.5 

9.50 

16.2 

7.68 

18.5 

7.49 

18.0 

5.80 

15.4 

Washing 

Solutions 


5%  thiosulfate 

5%  thiosulfate  with 
0.5%  carbonate 
10%  thiosulfate 


20%  thiosulfate 

40%  thiosulfate 

80%  thiosulfate 
5%  thiosulfate  in  satu¬ 
rated  sodium  chlo¬ 
ride 


2.5%  thiosulfate  and 
2.5%  cadmium  sul¬ 
fate 


Volume  of 

Washing 

Sub¬ 

Solution 

stance 

Ml. 

Mg. 

5.298 

4.022 

1.0 

5.885 

3.568 

6^5 

4.531 

5.284 

i.o 

4.172 

3.600 

1.0 

3.692 

3 . 423 

1.0 

3.767 

3.892 

1.0 

5.252 

1.0 

5.470 

3.780 

4.900 

4.959 

3.008 

1.0 

5.090 

4.420 

3.545 

3.944 

5.049 

Titration, 
0.0188  N 
Thiosulfate 

Metho 

Ml. 

% 

7.15 

13.1 

5.97 

14.4 

8.51 

14.1 

5.24 

14.3 

6.08 

13.0 

7.89 

14.5 

6.61 

15.4 

5.80 

15.6 

6.05 

15.9 

5.60 

15.9 

8.08 

20.2 

8.30 

20.7 

10.39 

19.2 

10.80 

19.2 

7.87 

20.2 

10.29 

20.4 

10.32 

20.2 

6.21 

20.1 

10.45 

20.0 

9.11 

20.0 

7.43 

20.4 

8.33 

20.8 

10.71 

20.6 

Table  II.  Ethoxy  Values  on  Phenacetin  (Theory  25.14)* 


Volume  of 


Washing  Washing 

Solutions  Solution 

Ml. 

Water  0.5 

5  %  thiosulfate  i .  o 

o'.b 

10%  thiosulfate  1 .0 

20%  thiosulfate  l.o 


Sub¬ 

stance 

Titration, 
0.0188  N 
Thiosulfate 

Ethoxy 

Mg. 

Ml. 

% 

4.744 

8.75 

26.0 

5.334 

9.62 

25.4 

2.787 

4.94 

25.1 

4.213 

7.57 

25.3 

4.051 

7.47 

25.8 

5.680 

9.91 

24.6 

3.666 

6.59 

25.3 

4.815 

8.65 

25.3 

4.117 

7.50 

25.7 

5.211 

9.25 

24.9 

°  S?ver,al  blanks  gave  0.05  to  0.07  ml.  of  thiosulfate  with  the  washers  used, 
xnougn  a  tew  with  high  thiosulfate  concentrations  gave  up  to  0.20  ml.  When 
bromme  was  removed  by  several  drops  of  formic  acid,  the  resulting  solution 
s  n?  detectable  liberation  of  iodine  from  potassium  iodide.  The  phenol 
method  of  Nanji  (8)  was  not  needed. 


a  consequent  dependence  on  the  volume  of  washer  used,  and 
(2)  the  rate  of  reaction  of  the  dissolved  halide  with  thiosulfate. 
Methyl  iodide  and  thiosulfate  react  in  water  according  to  a  well- 
known  bimolecular  reaction  investigated  by  Slator  (11).  At 
25°  C.  his  data  show  for  0.035  N  thiosulfate  and  0.018  N  methyl 
iodide  a  half-time  of  10  to  12  minutes,  with  K2  =  0.85.  The  ethyl 
iodide  reaction  is  slower  with  K2  at  25°  =  0.050.  This  reaction 
is  expected  to  occur  in  methoxy  determinations  because  of  the 
appreciable  solubility  of  methyl  iodide  in  water.  At  20°  1.40 
grams  of  methyl  iodide  dissolve  in  100  grams  of  water  (7).  With 
very  concentrated  thiosulfate  the  solubility  is  apparently  de¬ 
pressed,  and  little  if  any  reaction  can  take  place.  The  solubility 
of  methyl  iodide  in  concentrated  neutral  salt  solutions  would  be 
expected  to  be  much  less  than  in  water.  With  1  ml.  of  5%  thio¬ 
sulfate  in  saturated  salt,  no  loss  was  found.  Addition  of  an 
equal  volume  of  5%  cadmium  sulfate  also  completely  suppressed 
any  reaction,  apparently  through  more  than  a  solubility  effect. 
In  the  case  of  ethyl  iodide  the  lower  rate  of  reaction  and  the 
lower  solubility  (at  20°  0.401  gram  of  ethyl  iodide  dissolves  in 
100  grams  of  water,  7)  combine  to  give  no  detectable  effect. 

Satisfactory  results  were  obtained  by  Pregl  (9),  using  phos¬ 
phorus  suspension  as  a  washer  for  alkoxy  and  alkimide  deter¬ 
minations  by  \  iebock  and  Brecher  (13),  and  by  many  later 
workers  using  modified  apparatus.  The  main  purpose  of  the 
washer  appears  to  be  to  remove  hydrogen  iodide  vapors,  rather 
than  iodine  itself,  and  for  this  purpose  an  aqueous  washer  appears 
effective  even  in  alkimide  determinations.  Phosphorus  sus¬ 
pension  was  criticized  by  Friedrich  (6)  as  it  is  incapable  of  re- 
moving  iodine  rapidly.  He  therefore  used  for  the  gravimetric 
method  3%  thiosulfate  to  which  was  added  an  equal  volume  of 


5%  cadmium  sulfate.  The  use  of  the  latter  material  for  r 
moval  of  hydrogen  sulfide  was  due  to  Edlbacher  (3).  Friedrich 
values  were  correct,  as  would  be  expected  from  this  study,  b 
he  does  not  insist  on  the  admixture  with  cadmium  sulfat 
Friedrich  (3)  states  that  use  of  cadmium  sulfate  is  not  necessai 
if  the  acid  is  free  from  sulfide.  The  standard  washer  for  tl 
gravimetric  method  (Roth,  10)  is  1  ml.  of  equal  volumes  of  5' 
thiosulfate  and  cadmium  sulfate.  As  indicated  in  the  tabl 
this  washer  is  perfectly  satisfactory,  and  because  of  a  cham 
effect  which  is  not  quite  expected,  the  thiosulfate  effect  is  elim 
nated,  and  results  are  free  from  error.  This  washer  has  als 
been  used  in  modified  volumetric  methods  by  Elek  (4)  Christei 
sen,  Friedman,  and  Sato  (1),  and  Cooke  and  Hibbert  (2)  wit 
good  results. 

Slotta  and  Haberland  (12)  used  for  the  volumetric  method 
ml.  of  1.5%  thiosulfate  to  which  was  added  0.5%  sodium  ca 
Donate,  and  gave  a  few  examples  which  were  close  to  theor 
From  Table  I  it  is  seen  that  with  1  ml.  of  thiosulfate  of  this  coi 
centration  a  lowering  is  detected,  but  with  0.5  ml.  little  if  an 
lowering.  The  washer  for  the  volumetric  method  generall 
adopted  by  Friedrich  (5)  and  by  Roth  (10)  is  1  ml.  of  5%  thic 
sulfate  with  optional  addition  of  0.5%  carbonate.  Roth  state 
that  this  washer  was  used  by  Slotta  and  Haberland.  The  cai 
bonate  was  found  to  have  no  effect  on  the  thiosulfate  reactior 
and  this  washer  was  incapable  of  giving  anything  near  the  thee 
retical  results.  Friedrich  (5)  states  that  he  used  this  washer  fc 
5  years  with  completely  satisfactory  results.  He  gives  no  e> 
ample  of  calculation  and  makes  no  mention  of  empirical  corree 
tions.  In  the  volumetric  methylimide  determination  he  state 
that  1  ml.  of  0.01  N  thiosulfate  =  0.1502  mg.  of  CH3  (N),  whicl 
divided  by  6,  is  in  agreement  with  theory.  Roth  (10)  also  make 
no  mention  of  low  results  or  empirical  corrections.  He  give 
1  ml.  of  0.02  N  thiosulfate  =  0.6204  mg.  of  OCH3,  which  dividei 
by  6  is  theoretical.  His  factors  given  for  calculation  of  methoxy 
ethoxy,  methylimide,  and  ethylimide  are  all  in  agreement  wit! 
theory,  assuming  100%  recovery  of  alkyl  iodide. 
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Chemical  Analysis  by  Powder  Diffraction 

LUDO  K.  FREVEL,  The  Dow  Chemical  Company,  Midland,  Mich. 


I  s  paper  cites  examples  of  use  of  the  powder  diffraction 
rthod  in  the  chemical  identification  of  solids,  and  dis¬ 
uses  some  of  the  general  difficulties  that  may  be  en- 
:  intered  in  its  use. 


COMPLICATIONS  IN  REGISTRATION  OF  POWDER 
DIFFRACTION  PATTERNS 

Absorption  Edges.  In  view  of  the  fact  that  most  x-ray  dif¬ 
fraction  work  is  being  done  with  filtered  radiation,  characteristic 


I  THE  past  ten  years  the  powder  diffraction  method  has  been 
ised  to  an  increasing  extent  in  the  chemical  identification  of 
<ds  (4,  5,  9,  12,  13,  16,  24,  26,  30,  34,  46,  47,  59,  60,  62).  The 
riity  of  the  method  resides  in  its  ability  to  detect  the  state  of 
ilmical  combination  for  each  crystalline  component  in  a  mixture 
'!).  The  present  paper  cites  a  few  typical  examples  and  dis¬ 
uses  some  of  the  general  difficulties  that  may  be  encountered 
Khis  physical  method  of  chemical  analysis. 

dentification  of  boiler  deposits  is  a  general  problem  that  is 
Mveniently  handled  by  the  powder  method. 

0  particular  scale  submitted  for  identification  _ 

ns  examined  by  chemical  analysis,  by  mi- 
escopic  examination,  and  by  powder  diffrac- 
t:n.  Table  I  lists  the  data  ascertained  by 
e:h  method. 

The  information  obtained  by  the  diffraction 
D  thod  is  of  evident  value  to  the  chemist 
iierested  in  selecting  the  correct  treatment 
f  the  removal  of  scale  or  in  devising  methods 
t  diminish  scaling.  The  manner  in  which 
t:  diffraction  data  are  conveniently  com¬ 
ired  with  published  powder  data  is  illustrated 
i  Table  II. 

dther  typical  problems  solved  by  the  diffrac- 
tn  method  are:  the  identification  of  corrosion 
pducts,  the  constitution  of  fluxes,  the  de- 
t  tion  of  pigments  or  fillers  in  plastics  or 
e  stomers,  the  analysis  of  minerals,  the  recogni- 
tn  of  allotropic  modifications,  and  the  study 
c chemical  reactions  in  the  solid  state. 

As  illustrated  in  Table  II,  chemical  analysis 
1  the  powder  method  consists  of  matching 
ts  diffraction  pattern  of  an  unknown  material 
’  th  one  or  more  standard  powder  patterns. 

'us  requires  (1)  a  correct  registration  and 
nasurement  of  the  diffraction  lines  and  (2) 

:  careful  interpretation  and  evaluation  of 
!ese  data  as  applied  to  chemical  analysis, 
le  first  part  of  the  problem  has  received 
nsiderable  attention  in  the  literature  and 
ly  a  few  points  require  enumeration.  The 
*ond  part,  however,  has  not  been  treated 
tensively  in  previous  publications  and  de- 
rves  detailed  discussion. 


Table  I.  Data  on  Boiler  Scale 


Chemical  Analysis 

% 


Fe 

Ca 

S 

C°3-- 
Ignition  loss 


28.32 

22.30 

6.21 

22.10 

15.70 


Accurate  quantitative 
data,  method  of  analy¬ 
sis  independent  of  state 
of  aggregation  of  sam¬ 
ple 


Microscopic  Analysis 


Black  shiny  powder, 
heterogeneous;  par¬ 
ticles  too  small  for  re¬ 
fractive  index  measure¬ 
ments 

Advantages 
High  sensitivity  for  de¬ 
tecting  minor  phases, 
morphological  details 
readily  ascertainable 
(29) 


Powder  Diffraction 
Analysis 

% 

—40  FeFe2C>4 
—30  CaCC>3,  calcite 
-30  CaS04 


Direct  identification  of 
compounds,  nonde¬ 
structive  method  ap¬ 
plicable  to  extremely 
fine  powders 


Table  II.  Powder  Diffraction  Data  on  Boiler  Scale 

Filtered  MoKa  radiation  used  to  obtain  powder  diffraction  patterns,  d  =  interplanar 
spacing  measured  in  A.  I  =  peak  intensity  of  a  diffraction  line  as  estimated  with  a  direct 
comparison  intensity  scale  (arbitrary  units).  I/h  =  relative  intensity  of  a  diffraction  line, 
where  Ii  is  intensity  of  strongest  line  of  particular  phase  in  question.  Most  representative 
value  for  I\  of  phase  I  is  taken  as  33  and  is  obtained  by  multiplying  intensities  of  six  unambigu¬ 
ous  reflections  (4.83,  2.95,  2.41,  1.705,  0.967,  0.855  A.)  by  corresponding  relative  intensities 
of  FeFe204  and  taking  arithmetic  mean  of  computed  values  of  / i  (36,  55,  37,  22,  25,  20). 
The  average  value  for  the  strongest  line  of  phase  2  is  22;  for  phase  3  it  is  38. 

Spectroscopic  analysis  of  scale:  Fe,  Ca,  chief  constituents;  Co,  Mo,  Cu,  Na,  0.001  to  0.01%. 


Boiler  Scale 

FeFe20< 

Phase  1 

CaSCh 

Phase  2 

d,  A. 

I 

d,  .4. 

I/h 

I/h 

d.  .4. 

I/h 

I/h 

5.80 

1 

4.83 

3 

4 '85 

o'o6 

o'.oo 

3.87 

4 

3.89 

0.03 

(V) 

3.49 

25 

3.49 

1.00 

1  .  14 

3.03 

30 

2.95 

10 

2.97 

0 ' 28 

0.30 

2.84 

15 

2.85 

0 .67 

0 "  68 

2.52 

75 

2 ’53 

i'oo 

(33) 

2.41 

6 

2.42 

0.11 

0.18 

2.33 

8 

2.32 

0.33 

0 ' 36 

2.27 

10 

2.26 

0.01 

(0.2) 

2.21 

8 

2.20 

0.33 

0.36 

2.08 

30 

2.io 

0.32 

(ii) 

2.08 

0.11 

(2) 

1.99 

1 

1.99 

0.11 

(2) 

1.91 

10 

1.93 

0.04 

(1) 

1.865 

12.5 

1.86 

0.27 

(6) 

1.745 

4 

1.74 

0.20 

0.18 

1.705 

6 

1 '71 

0.i6 

0.' 18 

1.640 

4 

1.64 

O’.  27 

0. 18 

1.606 

20 

1  ]  61 

0*64 

(21) 

1.59 

0.03 

(1) 

1.560 

1 

1.56 

0.05 

0.05 

1.518 

6 

1.52 

0.07 

(2) 

1.480 

30 

1 1 483 

0  .  SO 

(26) 

1.487 

0.08 

(2) 

1.439 

4 

1.420 

1 

1 .420 

0.08 

(2) 

1.320 

2 

1  [  326 

0.06 

(2) 

1.318 

0.09 

(2) 

1.278 

6 

1.279 

0.20 

(7) 

1.275 

0.09 

(2) 

1.210 

2 

1.210 

0.05 

(2) 

1.215 

0.05 

(1) 

1.150 

2 

1.120 

2 

1.121 

o!  io 

0'06 

1.090 

7  . 

1.092 

0.32 

0.21 

1.047 

6 

1.049 

0.10 

(3) 

1.010 

2 

0.967 

4 

0.970 

oii.6 

0A2 

0.938 

2 

0.940 

0.06 

0.06 

0.879 

2 

0.880 

0.10 

0.06 

0.855 

4 

0.859 

0.20 

0.12 

0.850 

1 

0.853 

0.08 

0.03 

0.810 

1 

0.814 

0.10 

0.03 

CaCOa 

d.  A.  I/h 


Phase  3 
I/h 


SI 


3.86 
3' 04 


0.08 

100 


2.49  0.20 


2.28 

2.09 

1 '.  92 
1.87 


0.24 

0.'20 

0.32 

0.24 


(3) 

4 

X  79 

(8) 

41 

.26 

(8) 

21 

0 .24 
(9) 

15 

1.60  0.16 


1.51 

1.475 

1.439 

1.425 

1.350 


0.12 

0.05 

0.08 

0.05 

0.03 


1.150  0.05 


1.045 

1.011 


0.06 

0.03 


(6) 

(5) 

(2) 

0.11 

(2) 

(1) 


05 


(2) 

05 


28 

i 

30 
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Method  of  Preparing 
Powder  Specimen 
Grinding  or  filing 


Precipitation  or  crys¬ 
tallization 


Condensation,  electro- 
deposition,  or  sput¬ 
tering 


Influence  of  atmosphere 
(H20,  O2,  CO2,  dust.) 
Grind  and  load  sample 
in  a  drying  box  flushed 
with  purified  dry  N2; 
or  grind  sample  under 
dry  benzene  and  load 
wet  powder  into  a  thin- 
walled  glass  capillary 
{31,  63) 


Coprecipitation  or  co¬ 
crystallization 
Make  qualitative  spec¬ 
troscopic  analysis  and 
spot  tests  on  washed 
precipitate 
Preferred  orientation 
Check  condensed  film 
for  preferred  orienta¬ 
tion  of  crystallites  by 
taking  exposures  at 
various  inclinations 


Tabic  III.  Preparation  of  Powder  Specimens 

- Precautions  to  Be  Observed 


Abrasion  contamination 
Grind  hard  nonferrous 
materials  in  ah  agate 
mortar.  (Micromicro- 
nizer  may  be  useful  in 
the  pulverization  of 
abrasives.)  Remove 
metallic  iron  contami¬ 
nation  from  steel  mor¬ 
tar  by  magnetic 
methods 


Oxidation 

Load  precipitate  in  wet 
condition — e.g.,  pyro¬ 
phoric  catalysts  such  as 
Raney  nickel 

Oxidation 

(Adsorbed  O2,  H2O, 
etc.,  on  substrate) 


Mechanical  strain 
Vacuum-anneal  me¬ 
tallic  filings  at  suit¬ 
able  temperature 

(31) 


Solvation 

Vacuum-dry  washed 
precipitate 


Volatilization 

Grind  sample  contain¬ 
ing  sublimable  sub¬ 
stances  in  a  small 
closed  system  or  in  an 
equilibrium  -  atmos¬ 
phere  [NHcHCOs, 
(NHPjCOj,  NH-sOCO- 
NHi,  NH4N3,  NH4CN, 
NHrSH,  etc.;  ammo- 
nates  or  alcohoiates 
may  lose  NHj  or  ROH 
on  grinding] 


Phase  decomposition 
(Supersaturated  soli 
solutions,  quenched  al 
loys,  pressure-sensitiv 
substances  such  a 
wurtzite  or  brookit 
chemical  reaction  i 
solid  state  (H,  68, 
For  alloys  a  structure 
integrating  camera  c 
micro  design  may  b 
adaptable 


Table  IV. 

Powder  Diffraction  Pattern  of  Magnesium  Oxic 

(hkl) 

do\)B. 

dealed. 

(F/iiW 

(I /II)  calcd. 

111 

2.425 

2.428 

0.08 

0.08 

200 

2.103 

2.103 

1.00  (50) 

1.00 

220 

1.487 

1.487 

0.50  (25) 

0.55 

311 

1.268 

1.268 

0.04 

0.06 

222 

(1.216) 

1.214 

0.12  (6B) 

0.15 

400 

(1.053) 

1.052 

0.04  B 

0.06 

331 

(0.9661) 

0.9649 

0.01  B 

0.03 

420  cn 

0.9405 

0.9405 

420  cc2 

0 . 9404 

0.9405 

422  cn 

0.8583 

0 . 8585 

422  a; 

0 . 8587 

0.8585 

Type  Bl:  a  = 

4.206  ±  0.001  A.  (25°  ±  3° 

C.) 

Exposure. 

Filtered  MoKa  radiation; 

camera  radius, 

20.477  ± 

cm.,  calibrated  with  spectroscopically  pure  Mg  (a  =  3.2026  A.,  c  =  5.1998 
A.  at  25°  C.);  slit  dimensions,  0.2  X  5  X  50  mm.;  specimen  radius,  0.2 
mm.;  duplex  film  without  intensifying  screen. 

Preparation  of  MgO.  Sublimed  magnesium  metal,  spectroscopically 
pure,  was  dissolved  in  =10%  HC1  (c.p.  grade  distilled).  Magnesium  hy¬ 
droxide  was  precipitated  by  dropwise  addition  of  freshly  prepared  c.p.  am¬ 
monium  hydroxide.  The  precipitate  was  washed  twice  by  decantation,  fol¬ 
lowed  by  filtration  and  washing.  The  wet  hydroxide  was  transferred  to  a 
clean  ignited  sillimanite  crucible  and  vacuum-dried  over  Mg(ClC>4)2.  The 
Mg(OH)2  was  then  converted  to  MgO  by  heating  to  890°  C.  for  1  hour  in  an 
oxygen  atmosphere  free  of  carbon  dioxide. 

Chemical  Analysis.  %  Mg  =  60.22  ±  0.05  (pyrophosphate  method) ; 
calcd.  %  Mg  =  60.32. 

Spectroscopic  Analysis  for  Impurities.  Si  0.01  to  0.1%,  Al  0.005  to 
0.05%,  B  0.001  to  0.005%,  Cu  0.001  to  0.005%. 

Particle  Size  Distribution.  Electron  microscope,  200  to  1200  A.; 
average  diameter  650  A.,  very  uniform;  particles  are  not  of  regular  shape, 
though  crystalline  in  character;  general  tendency  is  for  platelike  particles 
~200  A.  thick  (see  Figure  1). 


x-ray  absorption  manifests  itself  in  four  ways:  (1)  in  the  silver 
bromide  emulsion  (AgKo,  =  0.4845  A.,  BrKa.  =  0.9181  A.); 

(2)  in  the  filter  (17)  (ZrKco  =  0.6874  A.,  NiK™  =  1.484  A.); 

(3)  in  the  specimen  containing  elements,  the  characteristic  ab¬ 
sorption  edges  of  which  fall  within  the  transmitted  background 
radiation;  and  (4)  in  the  tungsten  contamination  of  the  target 
(WLi  =  1.022  A.)  (2).  There  also  exists  the  possibility  that  the 
zinc  edge  (1.281  A.)  may  introduce  a  discontinuity  in  the  response 
of  fluorazure  intensifying  screens.  For  powder  diffraction  work 
these  effects  are  observed  only  for  the  more  intense  reflections. 
For  example,  using  a  sealed-off  Mo  tube  operated  at  35  kv.,  one 
finds  that  the  intense  (111)  reflection  of  cubic  silver  iodide  pro¬ 
duces  one  spectrum  toward  the  longer  wave-length  end  of  AgKco 
and  another  corresponding  to  IK=.  In  the  case  of  silver  phos¬ 
phate  the  intense  portion  of  the  continuous  spectrum  from  (210) 
is  slightly  stronger  than  the  (220)  MoKa  reflection.  For  powder 
patterns  the  sharpness  of  the  edge  of  the  transmitted  spectrum  is 
often  blurred;  consequently  care  must  be  exercised  in  dis¬ 
tinguishing  these  edges  from  weak  Ka  reflections. 

Fluorescence.  Fluorescence  excited  in  the  sample  by  pri¬ 
mary  Ka  radiation  is  readily  detected  by  a  general  enhancement 
of  the  background  and  a  corresponding  decline  in  the  prominence 
of  the  desired  diffraction  pattern.  Using  MoKa  radiation  for 
specimens  containing  yttrium,  strontium,  rubidium,  bromine,  or 
selenium,  one  obtains  relatively  weak  diffraction  patterns  with 
high  background.  For  example,  carbon  tetrabromide  gives  an 


extremely  poor  powder  pattern  with  MoKa  but  a  normal  intern 
pattern  with  CuKa.  Specimens  containing  elements  of  hig 
atomicnumber — e.g.,  gold,  mercury,  thallium,  lead,  bismuth — sho’ 
L-fluorescence  with  MoK.  These  fluorescence  consideratior 
apply  not  only  to  filtered  Ka  radiation  but  also  to  crystal-mon< 
chromatized  x-rays.  In  the  case  of  filtered  x-rays,  the  distribi 
tion  of  the  continuous  radiation  may  noticeably  affect  fluore; 
cence.  Thus  if  a  zirconium  oxide  screen  is  placed  in  front  of  tl 
film  to  filter  the  diffracted  MoK  radiation,  the  resultant  diffrai 
tion  pattern  from  a  molybdenum  specimen  has  a  background  3. 
times  as  high  as  in  the  case  when  the  filter  is  placed  in  front  of  tt 
slit  system.  For  general  routine  analysis  by  powder  diffractioi 
two  sources  of  Ka  radiation — e.g.,  MoKa  and  CuKa — ai 
usually  adequate  to  avoid  serious  cases  of  fluorescence. 

Resolution.  The  geometrical  factors  deciding  the  resolutic 
of  a  Debye-Scherrer-Hull  pattern  are:  R,  radius  of  the  earner; 
r,  radius  of  the  powder  specimen;  h,  length  of  the  specimei 
5,  divergence  of  the  impinging  x-ray  beam;  and  <r,  difference  i 
wave  length  of  the  Ka  doublet.  For  a  fixed  camera  radius  tl 
optimum  resolution  corresponds  to  the  limiting  condition:  r, 
8,  cr  — »■  0.  In  general,  however,  the  hardness  of  the  primal 
radiation  used  and  the  time  required  for  the  registration  of  a  goc 
diffraction  pattern  are  the  limiting  factors  in  the  design  of 
suitable  camera. 

The  geometrical  resolution  for  a  camera  of  radius  R  can  be  e 
pressed  approximately  as  the  sum  of  8,  the  divergence  of  the  di 
fracted  beam  due  to  the  divergence  or  convergence  of  the  ii 
pinging  primary  beam,  and  wr,h,  the  angular  spread  of  the  di 
fracted  beam  due  to  the  dimensions  of  the  powder  specimi 
2  r 

(cor.o  =  -w  radian,  for  parallel  x-rays)  (8,  32,  41).  Accordingl 
K 

two  powder  reflections  d  and  (d  +  A d)  will  be  resolved  if 

(0a2  —  0a:i)d  <  (0d  —  Od  +  A d)a  >  (8  +  c<V,fc)e 

where  0  is  the  Bragg  angle  for  the  interplanar  spacing,  d,  and 
denotes  the  wave  length  under  consideration  (S3).  For  examp: 
with  MoKa!  radiation  the  two  powder  reflections  correspondii 
to  2.260  A.  and  2.274  A.  will  be  separated  by  3.4',  which  interv 
is  equal  to  the  MoKa  doublet  separation,  (0a2  —  0ai)2.26.  E' 
dently  the  use  of  very  narrow  slits  does  not  aid  greatly  in  t 
resolution  of  a  noncubie  powder  pattern  because  of  the  distur 
ing  doublet  separation.  (The  utility  and  precision  of  powder  d 
fraction  work  would  be  greatly  enhanced  if  an  intense  source 
strictly  monochromatic  WLai  could  be  made  available  for  pi 
cision-focusing  cameras).  Convenient  standards  for  testing  ai 
calibrating  powder  cameras  are  200-mesh  powders  of  the  folio 
.ing  substances:  pure  fused  magnesium  oxide,  pure  crystalliz 
silicon,  annealed  99.9%  molybdenum  metal,  c.p.  thallous  chi 
ride,  and  indium  sesquioxide  prepared  by  the  direct  oxidation 
99.95%  indium  metal. 

Absorption.  The  intensity  distribution  of  a  powder  diffra 
tion  line  is  markedly  influenced  by  absorption  in  the  powd 
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Table  V.  Ambiguities  Arising  from  Solid  Solution  or  Isomorphism 

Diffraction  patterns  taken  with  filtered  MoKa  radiation,  d  =  interplanar  spacing;  I/Ii  =  relative  intensity 


* 

^stance 

F 

d,  A. 

2.85 

2.47 

1.74 

1.490 

1.428 

1.134 

1.105 

I/h 

1.00 

0.50 

0.50 

0.50 

0.17 

0.17 

0.17 

»'b,15Na 

d,  A. 

2.85 

2.47 

1.74 

1.487 

1.424 

1.131 

1.102 

i/U 

1.00 

0.37 

0.20 

0.31 

0.07 

0.07 

0.07 

Examples: 

In,  In-Ag;  Mg, 

Mg-In; 

Pd,  Pd-Ag;  Fe,  Fe-Cr 

* 

d,  A. 

2.36 

2.04 

1.445 

1.232 

1.179 

1.022 

I/h 

1.00 

0.53 

0.27 

0.53 

0.05 

0.01 

\ 

d,  A. 

2.35 

2.03 

1.440 

1.227 

1.173 

1.019 

0 

I/h 

1.00 

0.53 

0.33 

0.40 

0.09 

0.03 

Examples: 

Co,  Ni 

Cr,  Fe; 

Pd,  Pt 

Rh,  Ir; 

Mo,  W ; 

Cb,  Ta 

"1 

11 

d.  A. 

3.12 

2.70 

1.91 

1.63 

1.353 

1.240 

1.104 

i/h 

1.00 

0.08 

0.60 

0.30 

0.06 

0.08 

0.06 

ftiS 

d,  A. 

3.12 

2.69 

1.91 

1.63 

1.353 

1.242 

1.104 

I/h 

1.00 

0.05 

0.75 

0.50 

0.05 

0.18 

0.15 

Examples: 

NaBr,  PbS;  NaCl,  Ag(Cl,  Br) ; 

KCN,  RbCl;  Mg2Sn,  Mg2Pb;  FeF2Q4,  NiMn204,  ZnFe2Q4;  Er2Oj,  Y2Q2 

;f2 

d.  A. 

3.33 

2.60 

2.35 

2.27 

2.10 

1.75 

1.67 

1.56 

1.492 

1.412 

I/h 

1.00 

0.80 

0.06 

0.20 

0.05 

0.80 

0.20 

0.08 

0.11 

0.32 

<f2 

d.  A. 

3.37 

2.64 

2.30 

1.75 

1.67 

1.58 

1.496 

1.420 

I/h 

1.00 

0.86 

0.29 

0.86 

0.29 

0.14 

0.14 

0.14 

Ip* 

d,  A. 

3.34 

2.64 

2.36 

2.30 

2.11 

1.75 

1.67 

1.58 

1.492 

1.435 

I/h 

1.00 

0.63 

0.18 

0.03 

0.02 

0.63 

0.10 

0.05 

0.10 

0.10 

|p4)2Cr04 

d,  A. 

5 . 6 

4.80 

3.91 

3.74 

3.65 

3 . 45 

3.18 

2.94 

2.84 

2.77 

2.32 

2.01 

1.87 

I/h 

0.62 

1.00 

0.35 

0.10 

0.10 

0.40 

0.75 

0.40 

0.20 

0.10 

0.62 

0.15 

0.05 

■HOaSeCfc 

d ,  A. 

5.5 

4.80 

3.89 

3.45 

3.17 

2.95 

2.75 

2.33 

1.98 

1.87 

I/Ii 

0.60 

1.00 

0.40 

0.40 

0.80 

0.40 

0.20 

0.40 

0.20 

0.10 

|C12.6H20 

d,  A. 

5.6 

4.85 

3.52 

3.11 

2.94 

2.73 

2.56 

2.40 

2.20 

2.07 

2.02 

1.98 

1.89 

1.86 

1.81 

I/h 

1.00 

1.00 

0.31 

0.10 

0.63 

0.50 

0.20 

0.63 

0.50 

0.05 

0.03 

0.31 

0.20 

0.10 

0.03 

JC12.6H20 

d,  A. 

5.5 

4.85 

3.53 

3.08 

2.95 

2.70 

2.54 

2.40 

2.18 

2.05 

2.02 

1.97 

1.90 

1.86 

1.81 

I/h 

1.00 

1.00 

0.50 

0.04 

0.50 

0.50 

0.30 

0.50 

0.50 

0.06 

0.06 

0.20 

0.20 

0.14 

0.02 

Examples:  CoS04.H20(?),  ZnS04.H20,  NiS04.7H20,  ZnS04.7H20 

Co(NH4)2(S04)2.6H20,  Fe(NH4)2(S04)2.6H20,  Zn(NH4)2(804)2.6H20,  Cu(NHp2(S04)2.6H20 


I  unen  (48,  49).  With  an 
e  ntially  parallel  x-ray  beam 
■  a  suitable  combination  of 
florption  coefficient  and 
lineter  of  the  powder  rod, 
t  resulting  diffraction  lines 
blow  values  of  9  can  appear 
ipseudo-doublets  (40).  For 
klKa  radiation  and  a  speci- 
ki  radius  of  0.2  mm.,  only 
1:  denser  powders  containing 
ioents  of  high  atomic  number 
x  bit  this  effect — e.g.,  mer- 
cc  bromide,  tungsten,  bis- 
n  h,  etc.  Dilution  with  flour 
inducing  the  specimen  diam- 
will  overcome  this  com- 
ation.  The  standard 
ge  technique  used  in  many 
■ratories  does  not  lead  to 
ido-doublets. 

:eparation  of  Specimen. 
two  most  common  factors 
Uencing  the  quahty  of  a 
der  diffraction  pattern  are 
icle  size  distribution  and 
ibility  of  the  sample.  The 
tting  limitations  of  a 

(der  specimen  are  mani- 
:d  in  the  breadths  of  the 

Siting  diffraction  lines  (10). 
s  materials  of  colloidal 


Table  VI.  Partial  Ambiguities  Due  to  Isomorphism 

^  =  iuterplanar  spacing;  I // 1  =  relative  intensity.  In  the  case  of  mixtures  the  above  differences  are  more  difficult 

to  check 

Substance 


ZnS04.H2O 

d,  A. 

4.80 

3.80 

3.40 

3.06 

I/h 

0.64 

0.11 

1.00 

0.40 

MgS04.H20 

d,  A. 

4.82 

3.38 

3.07 

I/h 

0.40 

1.00 

0.20 

MgS04.7H20 

d,  A. 

5.9 

5.3 

4.50 

4.22 

I/h 

0.20 

0.20 

0.08 

1.00 

ZnS04.7H20 

d,  A. 

.  . 

5.3 

4. 50 

4.20 

I/h 

0.60 

0.16 

1.00 

C0C02O4 

d,  A. 

4.68 

2.86 

2.43 

2.34 

I/h 

0.08 

0.20 

1.00 

0.06 

ZnAlsOi 

d,  A. 

2.85 

2.44 

i/h 

0.53 

1.00 

Mn2Al2(Si04)2 

d.  A. 

2.89 

2.59 

2.46 

2.36 

I/h 

0.30 

1.00 

0.02 

0.20 

MgaAhCSiOOl 

d,  A. 

2.88 

2.58 

2.45 

2.35 

I/h 

0.50 

1.00 

0.18 

0.20 

(NH4)A1(S04)2.12H20 

d.  A. 

7.0 

5.4 

4.97 

4.30 

I/h 

0.30 

0.60 

0.30 

0.80 

KA1(S04)2.12H20 

d.  A. 

7.0 

5.4 

4.96 

4.29 

I/h 

0.04 

0.20 

0.08 

1.00 

KCr(S04)2.12H20 

d,  A. 

7.0 

5.5 

4.98 

4.31 

I/h 

0.12 

0.16 

0.08 

1.00 

SCaFeCCN). 

d.  A. 

6.0 

5.1 

4.60 

3.72 

I/h 

0.07 

0.30 

0.03 

0.13 

K2CuF2(CN)s 

d,  A. 

5. 1 

I/h 

0.38 

As^s 

d.  A. 

6.3 

3.18 

2.75 

2.53 

I/h 

0.56 

1.00 

0.24 

0.32 

Sb2As20» 

d,  A. 

6.4 

3.  18 

2.75 

2.52 

I/h 

0.25 

1.00 

0.25 

0.13 

2.52 

2.40 

2.34 

2. 19 

2.10 

2.05 

1.97 

1.91 

0.40 

0.06 

0. 11 

0. 14 

0.10 

0.05 

0.13 

0.08 

2.55 

2.40 

2.33 

2.19 

2.10 

2.05 

1.97 

1.90 

0.40 

0.05 

0.03 

0.05 

0.04 

0.17 

0.05 

0.05 

3.76 

3.41 

2.96 

2.87 

2.74 

2.66 

2.48 

2.38 

0.10 

0.12 

0.18 

0.20 

0.08 

0.40 

0.02 

0.05 

3.76 

3.44 

2.99 

2.87 

2.75 

2.66 

2.50 

2.37 

0.20 

0.30 

0. 12 

0.30 

0.10 

0.25 

0.12 

0.08 

2.02 

1.65 

1 . 56 

1.432 

1.235 

0.13 

0.04 

0.25 

0.30 

0.02 

2.02 

1.91 

1.85 

1.65 

1.55 

1.480 

1.431 

1.232 

0.07 

0.07 

0.07 

0.13 

0.33 

0.07 

0.40 

0.07 

2.27 

2.10 

2.04 

1.88 

1.67 

1.60 

1.545 

1.44 

0.13 

0. 15 

0.05 

0.25 

0. 15 

0.30 

0.40 

0.085 

2.26 

2.10 

2.03 

1.87 

1.66 

1.595 

1.54 

1.440 

0.20 

0.15 

0.02 

0.25 

0.13 

0.40 

0.63 

0.13 

4.07 

3.67 

3.26 

3.05 

2.95 

2.79 

2.60 

0.60 

0.40 

1.00 

0.30 

0.08 

0.12 

0.12 

4.05 

3.65 

3.24 

3.03 

2.93 

2.78 

2.58 

0.40 

0.04 

0.40 

0.16 

0.12 

0.20 

0.06 

4.08 

3.68 

3.26 

3.04 

2.81 

2.59 

0.30 

0.60 

0.35 

0.30 

0.12 

0.06 

3.64 

3.07 

2.85 

2.57 

2.35 

2.30 

2. 13 

2.06 

1.00 

0.10 

0.03 

0.42 

0.03 

0.10 

0.07 

0.10 

3.63 

3.06 

2.86 

2.57 

2.36 

2.29 

2.13 

2.06 

1.00 

0.20 

0.08 

0.75 

0.15 

0.31 

0.25 

0.63 

2.24 

2. 12 

1.95 

1.66 

1.59 

1.54 

1.438 

0.08 

0.16 

0.24 

0.16 

0.08 

0.16 

0.08 

2.24 

2.11 

1.95 

1.66 

1.58 

1.54 

1.430 

0.02 

0.04 

0.30 

0.30 

0.06 

0.10 

0.07 
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subdivision,  such  as  coprecipitated  oxides  of  the  spinel  type, 
specially  prepared  catalysts,  or  clays  give  rather  diffuse  diffrac¬ 
tion  patterns  that  may  appear  insignificant  in  the  presence  of  an 
intense  sharply  defined  pattern.  A  similar  situation  is  en¬ 
countered  in  the  field  of  high  polymers.  In  order  to  obtain  infor¬ 
mation  of  greater  value  in  the  case  of  these  idiosyncracies,  the 
use  of  crystal-monochromatized  radiation  has  been  advocated  by 
a  number  of  diffractionists. 


Figure  1 .  Electron  Micrograph  of  Magnesium  Oxide  Standard 


The  problem  of  the  instability  of  a  sample  usually  can  be  over¬ 
come  without  serious  difficulty  (see  Table  III).  Hygroscopic 
substances  are  readily  powdered  in  a  drying  box  and  loaded  into 
thin-walled  glass  capillaries  that  can  be  sealed  easily.  Efflores¬ 
cent  materials  can  be  loaded  wet  (to  prevent  extreme  crystal 
growth,  a  little  amorphous  material,  either  starch  or  charcoal,  is 
admixed  with  the  wet  powder).  In  the  case  of  complex  organic 
compounds  the  existence  of  two  or  more  allotropic  modifications 
must  be  kept  in  mind;  thus  a  material  crystallized  from  a  melt 
may  give  an  entirely  different  powder  pattern  than  the  same  sub¬ 
stance  crystallized  from  a  solution.  Other  cases  of  less  general 
occurrence  are:  allotropic  transformation  on  grinding  or  filing 
(wurtzite,  brookite,  supersaturated  solid  solutions);  photosensi¬ 
tivity  (BaN6,  P4);  and  chemical  interaction  of  the  substance 
with  glass  capillaries  [acid  fluorides,  such  as  NH4FHF  to  form 
(NH4)2SiF6] .  Polystyrene  capillaries,  developed  for  the  study 
of  acid  fluorides,  have  proved  useful  for  powder  diffraction  with 
soft  radiation  such  as  CuKa  and  FeKa. 

COMPLICATIONS  IN  METHOD  OF  ANALYSIS 

Chemical  analysis  by  the  Debye-Scherrer-Hull  method  con¬ 
sists  of  matching  the  diffraction  pattern  of  an  unknown  material 
with  one  or  more  standard  powder  patterns.  When  a  match  is 
found  (see  Table  II)  one  infers  that  compounds  A,  B,  C.  .  .  are 
present  in  the  unknown.  If  p  denotes  the  powder  diffraction 
data  of  the  unknown  material;  pT,  the  diffraction  data  of  all  the 
cataloged  standard  patterns;  and  ft',  the  composite  operation 
of  matching  the  unknown  with  the  standards  A,  B,  C  . . .  one  may 
express  the  mode  of  analysis  symbolically  as 

ft  '(p.pr)  =3  A,  B,C  ... 


The  uniqueness  of  this  inference  is  not  evident  and  requires 
further  examination. 

Validity  of  Standard  Patterns.  It  is  convenient  to  con¬ 
sider  first  the  validity  of  the  standard  patterns,  pT  {4.,  25,  26). 
From  the  results  of  x-ray  diffraction  analysis  it  is  well  recognized 
that  the  powder  diffraction  pattern  of  a  single  phase  is  a  function 
of  the  particular  crystal  structure,  the  elements  present,  and  the 
crystallite-size  distribution  of  the  powder.  To  be  acceptable  as  a 
standard  each  substance  should  be  subjected  to  a  precise  analysis 
to  substantiate  the  assigned  chemical  formula.  The  method  of 
preparation  of  the  powder  specimen  should  also  be  stated.  Table 
IV  illustrates  a  satisfactory  presentation  of  a  powder  diffraction 
standard. 

On  examining  the  published  tabulated  powder  data  {4,  25,  26) 
one  finds  the  labeled  standards  usually  have  not  been  examined 
for  the  correctness  of  the  ascribed  chemical  formulas.  This  de¬ 
ficiency  was  realized  when  the  first  1000  Dow  standards  were 
published  {25). 

The  more  frequent  types  of  errors  are:  (1)  incorrect  degree  ol 
hydration  [pattern  240  is  CaS03.2H20;  pattern  338,  C0SO4.H2O 
pattern  623,  NiF2.4H20;  pattern  864,  Na2S.xH20];  (2)  chemica 
reaction  between  standard  substance  and  water,  oxygen,  01 
carbon  dioxide  [pattern  193  is  mixture  of  CaCOs,  Ca(OH)2,  anc 
graphite  (7);  pattern  227,  Caio(OH)2(P04)6  and  Ca(OH)j 
pattern  215,  vaterite  plus  calcite];  and  (3)  incorrect  chemica 
formula  [pattern  13  is  Al(OH)3,  gibbsite;  patterns  68  and  69  ar, 
largely  (Sb,  As)406;  patterns  132  and  143  are  largely  Bi(OH), 
pattern  269  refers  to  a  mixture  containing  minor  amount  0 
hexamethylene  tetramine].  Some  errors  in  the  diffraction  dat; 
have  been  noted — e.g.,  the  most  intense  line  for  FeCl2.2H2( 
(pattern  409)  is  5.5  A.  (40) ;  the  (020)  reflection  for  Na2S04II 
(pattern  859)  should  read  4.47  A. 

An  examination  of  the  useful  compilation  of  powder  dat 
on  minerals  {26)  reveals  a  similar  state  of  affairs  for  the; 
tabulated  standards: 


Pattern  3  (alabandite,  MnS)  lists  in  addition  to  the  diffractic 
data  for  cubic  manganese  sulfide  the  lines  2.83  A.  and  1.995  ; 
(probably  NaCl).  Pattern  23  [bravoite,  (Fe,  Ni)S2]  gives  tl 
accepted  C2  pattern  plus  the  noncubic  reflections  3.08,  2.18,  2.0 
1.86,  and  1.682  A.  Pattern  35  (chromite,  Fe0Cr203)  does  n< 
correspond  to  the  Hli  structure  for  FeCr204.  Pattern  37  (clau 
thalite,  PbSe)  lists  an  extraneous  2.86  A.  reflection.  In  pattei 
39  (coloradoite^  HgTe)  tlmstrong  (111)  reflection  is  missing  ai 
the  lines  2.82  A.  and  2.52  A.  appear  extraneous,  as  does  the  lii 
2.79  A.  in  pattern  95  (magnetite,  Fe304).  Pattern  93  (lollingit 
FeAs2)  does  not  check  the  published  data  {53) ;  the  specimen  us< 
may  have  been  an  impure  form  of  arsenopyrite.  Pattern^  I 
(sphalerite,  ZnS)  checks  the  B3  structure  except  line  3.95 
Pattern  143  (sulvanite,  Cu3VS4)  omits  the  (220)  reflection  (1. 
A.)  and  lists  the  extraneous  lines  5.2,  4.15,  3.70,  and  2.84  A. 

For  a  number  of  substances  the  innermost  reflections  have  n 
been  recorded:  pattern  9  (argentite,  Ag2S)  should  include  t 
line  3.91  A.  (57);  pattern  16  (berthierite,  FeS.Sb2S3),  8.0,  7 
5.7,  5.1  A.;  pattern  66  (gersdorffite,  NiAsS),  3.99  A.;  pattern 
(hauerite,  MnS2),  3.52  A.;  pattern  77  (hausmannite,  Mn30 
4  92  A.;  pattern  95  (magnetite,  Fe304),  4.85  A.;  pattern  1 
(stibnite,  Sb2S3),  8.2  A.  Pseudo-doublets  due  to  absorption  a 
noted  in  pattern  30  (cerargynte,  AgCl),  the  (200)  reflectic 
and  in  pattern  38  (cobaltite,  CoAsS),  the  (220)  reflection. 


While  the  experimental  inaccuracies  discussed  can  be  remed; 
(the  A.S.T.M.  has  an  organization  set  up  to  issue  new  pattei 
periodically  and  correct  old  ones),  there  remain  inherent  limi 
tions  to  the  uniqueness  of  an  established  standard  pattern.  So 
solution,  isomorphism,  or  structural  similarity  can  contribute 
the  ambiguity  of  a  standard  pattern  (see  Tables  V,  VI,  and  VI 
The  absence  of  solid  solution  in  an  identified  phase  should  alwi 
be  checked  by  qualitative  spectroscopic  analysis  and  spot  te-‘ 
If  solid  solution  is  indicated,  a  sensitive  back-reflection  technic 
is  required  to  measure  the  d-shifts  between  standard  and  sc 
solution.  Ambiguities  attributed  to  isomorphism  (see  Tables 
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d  VI)  or  structural  similarity  (Table 
I)  usually  are  resolvable  by  spec- 
|»scopic  analysis,  spot  tests,  or  some 
siple  physical  criterion  such  as  solu- 
lity  in  water,  melting  point,  etc. 
1  the  identification  of  multicomponent 
fixtures  the  intrinsic  limitations  illus- 
t.ted  in  Tables  V  to  VII  become  pro- 
runced  because  of  superposition  of 
jies  (see  Tables  II  and  XI). 
jThe  phases  present  in  an  unknown 
rny  be  formed  under  rather  haphazard 
c  unequilibrated  conditions  con¬ 
ceive  to  the  formation  of  defect  struc- 
t'es  ( 6 ,  27,  51,  52).  The  differences 
Jtween  the  diffraction  pattern  of 
s:h  a  defect  structure  and  that  of  a 
irmal  standard  may  be  subtle  and 
eape  the  notice  of  the  analyst.  In 
gieral,  structural  irregularities  in 
C'stalline  phases  may  be  detected  by 
Imges  in  intensities  of  the  diffrac- 
t  n  lines  (as  compared  to  an  ordered 
Bndard),  by  an  increase  of  diffuse 
altering,  by  the  appearance  of  broad 
dfraction  ghosts  (6),  by  a  broaden- 
of  one  or  more  types  of  reflections, 
i  by  a  change  in  the  small  angle 
ttering.  Serious  refinements  in  the 
•mal  powder  technique,  however, 
requiied  to  gain  information  of 
sficient  reliability  to  justify  an 
eduation  of  the  type  of  randomness 
i)  a  particular  phase.  In  a  careful 
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Table  VII.  Ambiguities  Arising  from  Structural  Similarities 


Substance 


d  —  interplanar  spacing;  I/I\  =  relative  intensity 


Si 

d.  A. 

3.12 

1.91 

1.63 

1.354 

1.242 

1.104 

0.958 

0 

916 

I/h 

1.00 

1.00 

0.63 

0. 18 

0.25 

0.40 

0.06 

0 

13 

0-ZnS 

d.  A. 

3.12 

2.69 

1.91 

1.63 

1.353 

1.242 

1.104 

1.044 

0.957 

0 

913 

I/h 

1.00 

0.05 

0.75 

0.50 

0.05 

0.18 

0.15 

0.05 

0.03 

0 

04 

CuCl 

d,  A. 

3.12 

2.70 

1.91 

1.63 

1.353 

1.240 

1.104 

1.043 

I/h 

1.00 

0.08 

0.60 

0.30 

0.06 

0.08 

0.06 

0.04 

CoO 

d,  A. 

2.45 

2.12 

1.50 

1.281 

1.227 

1.060 

0.975 

0.951 

0 

869 

0 

819 

I/h 

0.67 

1.00 

1.00 

0.40 

0.40 

0.10 

0. 10 

0.30 

0 

20 

0 

07 

Cu20 

d,  A. 

3.00 

2.45 

2.12 

1.51 

1.283 

1.228 

1.065 

0.977 

0.953 

0 

869 

0 

819 

I/h 

0.03 

1.00 

0.31 

0.44 

0.31 

0.05 

0.03 

0.05 

0.03 

0 

03 

0 

03 

FeO 

d,  A. 

.  . 

2.47 

2.14 

1.51 

1.293 

1.238 

1.072 

0.984 

0.959 

I/h 

0.50 

1.00 

0.63 

0. 15 

0.08 

0.03 

0.03 

0.05 

CdO 

d,  A. 

2.70 

2.34 

1.65 

1.412 

1.352 

1.171 

1.075 

i/h 

1.00 

1.00 

1.00 

0.75 

0.30 

0.  15 

0.30 

Ag20 

d,  A. 

2.72 

2.36 

1.67 

1.422 

1.360 

1.179 

1.082 

I/h 

1.00 

0.40 

0.24 

0.16 

0.03 

0.01 

0.02 

A1 

d,  A. 

2.33 

2.02 

1.43 

1.219 

1.168 

i/h 

1.00 

0.40 

0.30 

0.30 

0.07 

LiF 

d,  A. 

2.32 

2.00 

1.42 

1.211 

1.160 

I/h 

0.67 

1.00 

0.23 

0.03 

0.03 

ar-Ce 

d,  A. 

2.97 

2.57 

1.815 

1.55 

1.481 

1.288 

1.179 

I/h 

1.00 

0.60 

0.40 

0.40 

0.28 

0.12 

0.16 

Li  Cl 

d,  A. 

2.96 

2.56 

1.81 

1.55 

1.482 

1.283 

1.178 

I/h 

1.00 

1.00 

0.60 

0.32 

0.12 

0.05 

0. 12 

Th02 

d,  A. 

3.22 

2.80 

1.97 

1.68 

1.399 

1.280 

1.245 

1.140 

I/h 

1.00 

0.38 

0.75 

0.88 

0.13 

0.38 

0.25 

0.38 

Ca 

d.  A. 

3.21 

2.80 

1.97 

1.68 

1.61 

1.28 

1.246 

1.138 

I/h 

1.00 

0.30 

0.20 

0.20 

0.10 

0.05 

0.03 

0.05 

AgCl 

d,  A. 

3.20 

2.77 

1.96 

1.67 

1.60 

1.385 

1.270 

1.240 

1.131 

i/h 

0.40 

1.00 

0.75 

0.20 

0.25 

0.09 

0.06 

0.20 

0.13 

adysis  of  an  unknown,  due  consider- 

am  should  be  given  to  the  possible  presence  of  defect  struc- 
|‘es  (see  Table  VIII).  The  formation  of  a  continuous  range 
«solid  solutions  of  cocrystallized  salts  is  a  rather  common  oc- 


Figure  2.  Back-Reflection  Patterns 

aken  with  unfiltered  FeK  radiation.  Specimen-to-film  distance, 
.50  cm.  Sector  1  refers  to  a  mechanical  mixture  of  98%  Kl  and 
’%  KBr ,•  sector  2,  same  mixture  crystallized  from  water;  sector 
■,  same  mixture  fused.  All  samples  ground  to  ~200-mesh 
powders 


currence.  Figure  2  illustrates  the  sensitivity  of  the  back- 
reflection  method  for  ascertaining  this  effect. 

Classification  of  Standards.  Up  to  the  present  about  2500 
patterns  have  been  cataloged  at  Dow.  When  one  deals  with 
this  number  of  standards  the  identification  of  unknowns  by  the 
group  classification  system  {2 4)  is  adequate,  as  has  been  amply 
demonstrated  at  Dow  during  the  past  ten  years.  However,  it  is  of 
theoretical  interest  to  consider  what  probable  limitations  may 
arise  when  a  comparatively  larger  number  of  standards  is  con¬ 
sidered.  A  statistical  study  of  this  problem  has  been  made  and 
is  presented  here  purely  as  a  guide  to  any  modified  index  that 
might  be  considered  by  the  diffraction  analyst. 

To  arrive  at  a  tentative  answer  to  the  above  query  it  is  in¬ 
structive  to  examine  how  the  three  most  intense  diffraction  lines 
(reference  lines)  for  each  of  the  cataloged  patterns  are  dis¬ 
tributed  with  respect  to  interplanar  spacing.  Figure  3  shows 


Table  VIII.  Defect  Structures 


Examples 


Diffraction  Effects  References 


Continuous  range  of  solid  so¬ 
lutions 
K(I,  Br) 

Structures  with  “Leerstellen” 
Fei-zR  (R  =  O,  S,  Se,  Te) 
NaxWOa 

Mgi-xAl204-x 

Pseudomorphism 
Mg(OH)2(i-i)Oi 
Randomness  in  layer  struc¬ 
tures 

CdBr2  (Wechselstruktur) 


Micas,  clays  nCdChmCdCOHh, 
luster  carbon 

Alloy  systems  with  transition 
structures 

Al-Cu,  Al-Ag,  CmFeNis, 
AuCua 


Merging  of  Ka  doublet  on 
back-reflections 

Occurrence  of  superstruc¬ 
ture  lines  and  anomalous 
change  in  lattice  con¬ 
stants  with  x 
Broadening  of  diffraction 
lines 


X-ray  data  can  be  ac¬ 
counted  for  on  basis  of  a 
unit  of  structure  con¬ 
taining  a  fractional  stoi¬ 
chiometric  weight 
Broadening  of  diffraction 
lines,  changes  in  intensi¬ 
ties 

Broad  diffraction  ghosts 
(6) 


{20-23) 


U,  37) 

{3,  27,  28,  35, 
38,  39,  45) 


(27,  28,  38) 

(i 6 ,  11,  19,  36, 
55,  56,  61) 
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Figure  3.  Distribution  of  Interplanar  Spacings  of  Reference  Lines 

ers  to  distribution  of  first  reference  line  of  various  standards  with  respect  to  d,  interplanar 
ing,-  II  and  III  pertain  to  second  and  third  reference  lines,  respectively.  No  =  total  number 
italoged  standards  =  2100.  (dN)i,d  =  number  of  standards  having  their  first  reference 


located  in  interval  ^d  =*=  For  sake  of  clarity  experimental  points  are  shown  only  for  I. 


ima  for  I,  II,  and 


Ad 
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occur  at  2.95 


.08,  2.75 


number  of  diffraction  lines  per  pattern;  4  <  n 


<  /i  <  212  based  on  h  (NaCI)  =  150. 
1  +  cos2  20 


=  .20,  and  2.60  =*= 
<  45;  n  =  19. 


.30  A.,  respectively. 
Ir  =  intensity  of  rth 


ence  line;  2 
[a  (when  corrected  for  factor 


sin2  0  cos  9 

! :19.2).  vi  expresses  probability  that  cfi  >  cfi>  or  d3;  n:Fa:7a  =  1.00:50:0.28. 
ve  a  letter  signifies  an  arithmetic  average  for  No  standards. 


h:k:lt  =  42.3:25.7:20.2  for 
continued  ratio  is  proportional  to  26.0:- 

A  bar 


of  reference  lines  for  one  component 
[for  an  ^component  mixture  there 
are  3n(3n  —  l)(3n  —  2)  —  (n  —  1) 
combinations).  In  the  general  case 
of  a  binary  mixture,  allowance  must 
also  be  made  for  the  following  pos¬ 
sibilities:  (1)  the  superposition  of 
reference  lines,  for  example,  the 
second  reference  line  of  phase  A  and 
the  third  reference  line  of  phase  B 
so  that  h  +  f3  >  I,  or  f,;  (2)  the 
superposition  of  a  reference  line  of 
phase  A  and  a  moderately  intense 
reflection  of  phase  B  (/3  +  f4  >  h)', 
and  (3)  the  presence  of  prominent 
nonreference  lines  for  phase  A,  so 
that  74  or  A  +  n  >  These  con¬ 
siderations  are  general  and  apply  to 
any  scheme  of  classification. 

In  case  the  number  of  standards 
exceeds  10,000  to  20,000,  the  prob¬ 
lem  may  arise  as  to  how  to  cir¬ 
cumvent  the  probable  congestion  of 
reference  lines  and  the  multiplicity 
of  trial  reference  lines  for  multi- 
component  mixtures.  In  view  of  the 
fact  that  the  great  majority  of 
analyses  are  supplemented  or  con¬ 
firmed  by  qualitative  spectroscopic 
analysis,  it  may  be  expedient  to  re¬ 
verse  the  procedure  and  obtain  the 
spectroscopic  data  first  to  facilitate 
finding  the  appropriate  diffraction 
standards. 


For  example,  all  compounds  con¬ 
taining  aluminum  would  be  grouped 

for  most  common  inorganic  substances  the  reference  lines  under  aluminum  as  shown  in  Table  IX.  Those  substances 

L’ithin  the  interval  2.0  to  3.5  A.  Considering  the  first  refer-  containing  both  aluminum  and  iron  would  be  listed  under 

!  line,  one  finds  15  patterns 

A.  in  the  interval  15  to  20  A. _ 


:74  patterns  in  the  interval 
•  to  3.00  A.  (of  course,  the 
i  d  and  third  reference  lines  of 
pstance  materially  reduce  the 
oer  of  standards  to  be  con- 
ied).  In  the  identification  of 
ures,  however,  a  crowding  of 
unce  in  the  relatively  narrow 
i/al  from  2.6  to  3.0  A.  might 
jsitate  an  undue  amount  of 
-hing  to  locate  the  sought 
lard  patterns  in  a  very  large 
htion  of  standards.  The  point 
i  be  visualized  by  the  diffrac- 
i  pattern  of  a  binary  mixture 
>'hich  there  are  six  reference 
e  the  intensities  of  which  may 
enoted  by  IT  and  f,  where 
i=  1,  2,  3.  Assuming  (1)  that 
:  are  no  superpositions  of  lines, 
hat  the  six  most  intense  re- 
:ons  are  also  the  six  reference 
i  for  the  binary  mixture,  and 
i  hat  / 1  ^  ^  I3  ^  ("1  ^  1*2 

:;  Q,  one  may  have  to  exhaust 
1  1  to  119  possible  combina- 
i  to  find  the  appropriate  set 


Table  XI.  Powder  Diffraction  Data 

Filtered  M0K0  used  to  obtain  diffraction  patterns,  d  =  interplanar  spacing.  I  =  peak  intensity  of  a  dif¬ 
fraction  line.  I/I  1  =  relative  intensity,  where  Ii  is  intensity  of  strongest  line  of  particular  phase  in  question 
(values  in  parentheses  refer  to  calculated  intensities).  Diffraction  pattern  of  albite,  Amelia  Court  House, 
Va.,  was  taken  with  a  0.1-mm.  slit  to  resolve  some  of  the  broader  reflections. 

Spectroscopic  Analysis  of  Unknown.  Fe,  Al,  Si,  Na  chief  constituents;  minor  constituents  P  0.1  to 
0.5%,  K  0.01  to  0.1%,  Ca  0.001  to  0.01%. 

NaAlSisOs,  Albite, 

Un-  Albite,  Goethite,  Amelia  Court  House, 


known 

NaAlSiaOa 

Phase  I 

a-FeO.OH 

Phase  II 

Va. 

d,A. 

I 

d,A. 

I/h 

I/h 

d,  A. 

I/h 

I/h 

2/ 

d,  A. 

I/h 

6.5 

1 

6.4 

0.08 

0.02 

6.4 

0.06 

5.0 

3 

4.98 

0.04 

0.09 

5.9 

0.04 

4.20 

25 

4.21 

1.00  (25) 

0.76 

5.5 

0.02 

4.02 

12.5 

4.05 

0.35 

0.28 

4.01 

0 . 50  (50) 

3.80 

3 

3.80 

0.16 

0.07 

3.84 

0.06 

3.67 

9B 

3.66 

0.25 

0.20 

3.76 

0.08* 

3.38 

4 

3.39 

0.i2 

0.12 

3.66 

0.40  (40) 

3.19 

50 

3.20 

1.00  (50) 

l.i4 

3.50 

0.10 

2.95 

12.5 

2.96 

0.25 

0.28 

3.37 

0.08 

2.69 

12.5 

2.65 

0.02 

(1) 

2.70 

0.36 

0.38 

3.19 

1.00B  (100) 

2.57 

12.5 

2.56 

0.12 

(5) 

2.58 

0.24 

(8) 

i3 

2.94 

0.20B 

2.44 

30 

2.44 

0.14 

(6) 

2.45 

0.80 

(26) 

32 

2.85 

0.10 

2.37 

1 

• 

2.64 

0.04 

2.32 

2 

2.32 

0.i2 

0.05 

2.55 

0.10 

2.25 

5 

2.25 

0.12 

0.15 

2.43 

0.10 

2.18 

6 

2.18 

0.06 

(3) 

2.19 

0.20 

(7) 

10 

2.38 

0.04 

2.10 

3B 

2.13 

0.12 

0.07 

2.31 

0.10B 

2.01 

4 

1.99 

0.08 

0.09 

2.24 

0.01 

1.90 

5B 

1.90 

0.12 

(5) 

1.92 

0.08 

(3) 

8 

2.19 

0.02 

1.81 

6B 

1.83 

0.18 

(8) 

1.80 

0.08 

(3) 

11 

2.12 

0.08 

1.72 

17.5 

1.73 

0.08 

(4) 

1.72 

0.36 

(12) 

16 

2.06 

0.06 

1.60 

4 

1.60 

0.08 

0.12 

1.98 

0.06B 

1.56 

15 

1.58 

0.12 

(5) 

1.56 

0.28 

(9) 

i4 

1.89 

0.10 

1.51 

12.5 

1.50 

0.08 

(4) 

1.50 

0.24 

(8) 

12 

1.85 

0.08 

1.455 

10 

1.460 

0.16 

(7) 

1.455 

0.12 

(4) 

11 

1.82 

0.10 

1 .419 

9 

1 .425 

0.16 

(7) 

1.420 

0.04 

(1) 

8 

1.782 

0.08 

1.350 

4 

1.350 

0.14 

(6) 

1.355 

0.08 

(3) 

9 

1.743 

0.04 

(J,)I  =  (44) 

(Zi)n  =  (33) 

1.720 

0.04 
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aluminum  and  iron — e.g.,  FeA]2C>4  is  listed  in  Tables  IX  and  X 
(there  are  nine  such  substances-  listed).  Under  the  nonmetals 
H,  C,  N,  0,  F,  S,  Cl,  Se,  Br,  Te,  I— one  would  list  only  those  com¬ 
pounds  which  do  not  contain  elements  detectable  by  the  conven¬ 
tional  arc  spectra — i.e.,  which  do  not  contain  any  of  the  follow¬ 
ing:  Li,  Be,  B,  Na,  Mg,  Al,  Si,  P,  K,  Ca,  Sc,  Ti,  V,  Cr,  Mn,  Fe, 
Co,  Ni,  Cu,  Zn,  Ga,  Ge,  As,  Rb,  Sr,  Y,  Zr,  Cb,  Mo,  Ru,  Rh,  Pd, 
Ag,  Cd,  In,  Sn,  Sb,  Cs,  Ba,  La,  Ce,  Pr,  Nd,  Sm,  Eu,  Gd,  Tb,  Dy, 
Ho,  Er,  Tm,  Lu,  Hf,  Ta,  W,  Re,  Os,  Ir,  Pt,  Au,  Hg,  Tl,  Pb,  Bi, 
Ra,  Th,  U.  Chemical  tests  are  convenient  to  identify  the  non- 
metals — e.g.,  the  use  of  aqueous  sodium  hydroxide  and  Nessler’s 
reagent  to  detect  ammonium  salts.  Organic  compounds  may  also 
be  detected  in  the  arc  (using  copper-electrodes)  by  the  2478.5  A. 
emission  line  of  carbon  and  the  cyanogen  band.  _  For  routine 
analysis  it  would  be  advisable  to  check  the  diffraction  standards 
listed  under  carbon  and  nitrogen. 


The  procedure  for  identifying  an  unknown  by  this  modification 
of  the  triple  index  system  (25)  is  illustrated  by  Table  XI. 


Qualitative  spectroscopic  analysis  of  the  unknown  shows  the 
following  chief  constituents:  iron,  aluminum,  silicon,  sodium. 
The  more  prominent  diffraction  lines  of  the  unknown  (column  1, 
Table  XI)  are:  4.20,  4.02,  3.19,  2.95,  2.69,  2.57,  2.44,  1.72  A. 
Looking  under  Table  X  to  locate  the  iron-containing  phase(s), 
one  finds  a-FeO(OH)  as  a  likely  component  of  the  unknown. 
Checking  the  complete  data  of  standard  pattern  424,  one  es¬ 
tablishes  the  presence  of  goethite  in  the  mixture.  In  a  like  man¬ 
ner  Table  IX  indicates  albite,  NaAlSbOg,  as  the  second  phase  of 
the  unknown.  The  presence  of  albite  also  could  have  been 
ascertained  by  looking  under  the  index  for  sodium  or  silicon.  As 
all  the  diffraction  lines  of  the  unknown  are  satisfactorily  accounted 
for,  the  qualitative  compound  analysis  is  considered  complete 
and  there  is  no  need  to  check  the  diffraction  standards  listed 
under  carbon,  nitrogen,  etc. 


The  extent  to  which  the  suggested  classification  of  diffraction 
standards  by  elements  circumvents  the  anticipated  congestion  of 
reference  lines  can  be  estimated  by  an  examination  of  Tables  IX 
and  X  in  regard  to  the  number  of  times  the  average  compound  is 
listed  under  more  than  one  element. 


For  aluminum  (Table  IX)  there  are  18  substances  listed  only 
once  (under  aluminum),  47  substances  listed  twice  (distributed 
over  23  elements),  11  substances  listed  three  times  (distributed over 
8  elements),  and  two  substances  listed  4  times  (distributed 
over  5  elements).  For  Table  X  there  are  39  substances  indexed 
only  under  iron,  60  substances  indexed  twice  (distributed  over  23 
elements),  13  substances  listed  three  times  (distributed  over 
19  elements),  and  five  minerals  listed  4  times  (distributed  over  11 
elements).  A  calculation  of  the  quotient 


Zrn, 

r 

NZnr 

r 


where  n,  =  number  of  substances  fisted  r  times 

N  =  total  number  of  elements  under  which  the  various 
substances  are  indexed 


shows  that  the  congestion  of  references  fines  has  been  reduced  by 
a  factor  of  12.7  for  the  aluminum  compounds  and  13.9  for  the  iron 
compounds. 

However,  it  appears  that  the  intrinsic  advantage  of  combining 
spectroscopic  information  with  diffraction  data  is  the  natural 
incorporation  of  isomorphous  groups  in  the  various  tables.  This 
combination  of  empirical  standards  and  structural  types  into  one 
index  should  broaden  the  scope  and  utility  of  chemical  analysis 
by  powder  diffraction. 
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Potentiometric  Determination  of  Acidity  in  Highly 

Colored  Materials 

Application  to  New  and  Used  Petroleum  Lubricants  Containing  Additives 

LOUIS  LYKKEN,  PAUL  PORTER,  H.  D.  RULIFFSON,  and  F.  D.  TUEMMLER 
Shell  Development  Company,  Emeryville,  Calif. 


o  ntiometric  methods  for  the  determination  of  free  and  combined 
city  of  materials  soluble  only  in  a  nonaqueous  solvent  are  pre- 
»jd;  they  are  particularly  applicable  where  acidimetric  color 
lion  indicators  fail — that  is,  to  highly  colored  or  opaque  ma¬ 
vis  such  as  used  lubricants  or  lubricants  containing  oxidation 
■■corrosion  inhibitors,  detergents,  fats,  and  other  additives.  Al- 
Kh  developed  primarily  for  study  of  the  oxidation  characteristics 
jbricating  oils,  the  principles,  apparatus,  and  procedures  are 
ticable  to  many  other  materials  such  as  asphalt,  emulsions,  resins, 
omers,  animal  and  vegetable  fats,  oils,  etc. 


R  the  determination  of  acidity  in  highly  colored  or  opaque 
aterials  methods  that  depend  upon  indicator  color  change 
nadequate  and  often  useless,  even  though  they  may  be  ap- 
ble  to  colorless  materials  insoluble  in  water  or  ethyl  alcohol, 
potentiometric  method  for  the  determination  of  neutraliza- 
nd  points,  the  logical  alternative,  seems  especially  promising 
considered  in  conjunction  with  a  titration  solvent  that  is 
le  of  dissolving  or  dispersing  a  suitable  portion  of  water- 
ble  material.  While  the  present  discussion  deals  with 
leum  products  such  as  heavy  oils,  asphalts,  resins,  and  the 
the  principles  are  equally  applicable  to  many  other  com- 
ial  materials. 

potentiometric  method  which  is  both  sound  in  principle  and 
ly  applicable  in  practice  should  combine  several  important 
iicteristics.  The  electrodes  should  be  sturdy  and  readily  give 
Dducible  values  in  identical  solutions,  but  should  not  be  at- 
id  by  dilute  acid  or  base  solutions  or  organic  materials,  be 
ct  to  atmospheric  oxidation,  or  appreciably  contaminate  the 
tion  solvent.  The  potential  difference  of  the  electrode  system 
eld  be  nearly  proportional  to  the  hydrogen-ion  activity  of  the 
fcure  of  titration  solvent  and  sample,  and  equilibrium  should 
i  tained  in  a  conveniently  short  time.  The  titration  solvent 
eld  completely  dissolve  an  adequate  amount  of  sample  and 
ixture  should  tolerate  the  presence  of  several  milliliters  of 
.  r  from  the  sample  without  formation  of  a  second  phase.  The 
ion  medium  should  have  a  low  inherent  acid  value,  and 
Id  be  inert  to  prolonged  action  of  strong  bases,  strong  acids, 
1  metals,  glass,  and  atmospheric  materials.  The  polar  proper- 
■>f  the  solvent  should  be  such  that  dissolved  acidic  materials, 
it  dissociation  constants  greater  than  10“ 7  when  dissolved  in 
*r,  will  ionize  sufficiently  to  permit  neutralization  by  the 
k;ion  of  an  equivalent  quantity  of  an  alcoholic  strong  base 
1’ion.  The  titration  solvent  should  be  sufficiently  conductive 
low  only  momentary  accumulation  of  electrostatic  charges 
a  low-resistance  reference  electrode  is  immersed  in  it. 

there  have  been  many  noteworthy  contributions  on  the 
tiometric  titration  of  acids  in  nonaqueous  solutions  (1-37), 
lblished  method  entirely  fulfills  the  above  conditions. 


r..e  hydrogen  electrode  is  slow,  troublesome,  and  easily  poi- 
Bi  by  a  variety  of  materials  (8,  32).  Although  the  quinhy- 
electrode  has  found  repeated  application  in  nonaqueous 
i’ions  (5,  6,  11,  13,  19,  SO,  31,  35),  it  cannot  be  used  in  all 
ints;  it  is  attacked  by  dissolved  oxygen,  and  is  not  reliable  in 
kine  solutions.  The  antimony  electrode  functions  well  as  an 
dating  electrode  (20),  but  is  not  reproducible  from  time  to 
it  and  is  not  universally  applicable;  this  is  generally  true  of 


Titration  is  made  directly  or  after  saponification  with  potassium 
hydroxide  in  a  single-phase  solution  of  the  sample  in  a  nonaqueous 
solvent  (benzene-isopropyl  alcohol)  containing  approximately 
0.5%  water,  using  a  glass-calomel  electrode  system.  Inflection 
points  and  fixed  cell  potentials  are  used  for  the  estimation  of  end 
points.  The  determination  by  a  single  titration  of  two  or  more 
components  of  a  mixture  of  acids  or  bases  not  distinguishable  in  an 
aqueous  titration,  and  phenomena  which  make  possible  the  estima¬ 
tion  of  ionization  constants  of  acids  and  bases  having  limited  solu¬ 
bility  in  water,  are  briefly  described. 


all  similar  metal  electrodes  (33).  Platinum-tungsten  (28),  plati¬ 
num-carbon  (27),  and  other  dissimilar  electrode  pairs  (4,  9) 
function  only  in  systems  that  show  distinct,  sudden  changes  in 
hydrogen-ion  activity;  they  are  easily  influenced  by  extraneous 
materials.  The  thin  unshielded  glass  electrode  (7,  12,  14,  39)  is 
reproducible  and  accurate,  but  undesirably  fragile.  The  modem 
high-resistance  glass  electrode  has  ample  mechanical  strength, 
but  requires  adequate  shielding  in  order  to  avoid  error  due  to 
electrostatic  influences,  and  is  not  applicable  in  completely  an¬ 
hydrous  solvents  (12). 

The  saturated  calomel  electrode,  in  various  forms,  is  generally 
desirable  as  a  reference  electrode  when  used  with  a  suitable  salt 
bridge.  The  agar-agar  salt  bridge. is  appreciably  attacked  by 
organic  solvents  and  must  be  renewed  at  frequent  intervals 
(6,  11,  29,  30).  The  aqueous  salt  bridge  with  a  ground-glass 
joint  contact  is  generally  reproducible,  if  properly  prepared  and 
maintained.  The  use  of  a  nonaqueous  salt  bridge  is  feasible 
(3,  12,  16,  20,  30)  and  desirable,  but  further  work  is  needed  to 
establish  satisfactorily  the  application  of  the  nonaqueous  reference 
electrode.  In  some  instances,  the  silver-silver  chloride  electrode 
(11,  12,  IS,  31)  is  a  satisfactory  reference  but  it  is  very  slow  in 
attaining  equilibrium  and  gives  a  distorted  potential-volume  ti¬ 
tration  curve. 

The  potentiometric  methods  given  in  this  paper  have  proved 
satisfactory  for  determining  the  free  and  combined  acidic,  or 
basic,  constituents  present  in  new  or  oxidized  petroleum  oils  and 
in  other  petroleum  products.  The  free  acidity,  or  basicity,  is 
determined  by  potentiometrically  titrating  the  sample  dissolved 
in  a  benzene-isopropyl  alcohol  solution,  using  a  glass-calomel 
electrode  system.  The  combined  acidity  is  similarly  determined 
by  potentiometric  titration  with  alcoholic  acid  after  saponifying 
the  sample  dissolved  in  a  benzene-isopropyl  alcohol  solution  con¬ 
taining  an  excess  of  strong  base.  These  methods  are  applicable 
to  materials  that  are  soluble,  or  nearly  soluble,  in  benzene- 
isopropyl  alcohol  mixtures,  and  that  are  colorless,  colored,  or 
produce  colored  solutions  during  the  determination.  Unchanged 
compounds  that  are  only  weakly  acidic  or  basic,  and  whose  dis¬ 
sociation  constants,  Ka  or  Kh,  in  water  are  equal  to  or  less  than 
K  =  10~9,  are  not  detectable  and  do  not  interfere.  Various  acid 
or  base  groups  may  be  distinguished,  provided  there  is  a  satis¬ 
factory  difference  between  the  dissociation  constants  of  the 
groups.  Thus  strong  acids,  such  as  hydrochloric,  are  distinguish¬ 
able  from  weak  acids,  such  as  formic  and  acetic,  which  in  turn  are 
distinguishable  from  weaker  acidic  materials  such  as  thiophenol. 
Similar  relationships  hold  for  basic  groups  of  like  differences  in 
basicity.  Covering  a  period  of  four  years,  these  methods  have 
been  successfully  used  for  the  determination  of  free  and  combined 
acidity  in  new  and  oxidized  motor  oils,  turbine  oils,  oil  additives, 
motor  oil  sludges,  asphaltenes,  crude  oils,  asphalt,  asphalt  resi- 
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Figure  1.  Illustrative  Titration  Curves  for  Determination  of  Free  Acids  and  Bases 

Potenliometric  titration  with  acid 

F.  5  grams  of  alkaline  oil  containing  free  caustic 

G.  5  grams  of  alkaline  oil 

Titration  cell.  Glass  electrode  ||  saturated  calomel  electrode 
Titration  solvent.  50  ml.  of  benzene  and  50  ml.  of  isopropyl  alcohol 
containing  1  %  water 


Potentiometric  titration  with  base 

A.  Blank 

B.  10  grams  of  oxidized  oil 

C.  Naphthenic  acids 

D.  Hydrochloric  and  naphthenic  acids 

E.  5  grams  of  asphalt 


dues,  distillates,  dis¬ 
tillate  bottoms,  poly¬ 
mers,  rubber,  soaps, 
vegetable  and  animal 
oils,  fats,  waxes, 
greases,  common  sol¬ 
vents,  and  water  solu¬ 
tions. 

The  applicability  of 
the  glass  electrode  to 
the  measurement  of 
hydrogen-ion  activity 
in  nonaqueous  solu¬ 
tions  has  been  fre¬ 
quently  questioned 
from  a  theoretical 
viewpoint.  However, 
titration  curves  made 
in  nonaqueous  solution 
using  the  glass-calomel 
electrode  pair  are  per¬ 
fectly  reproducible, 
and  are  usable  for  ac¬ 
curately  measuring  the 
acid  or  base  content  of 
the  solutions.  To 
avoid  confusion  of  ti¬ 
tration  data  obtained 
in  nonaqueous  media 
with  those  obtained  in  water,  a  new  unit,  the  cG  unit,  has  been 
coined  to  replace  the  pH  unit  in  nonaqueous  media. 

It  has  been  found  {10, 17)  that  the  potential  of  a  glass  electrode 
in  aqueous  media  depends  upon  the  hydrogen-ion  activity  of  the 
solution  according  to  the  equation  (at  25°  C.) : 

Eg  =  Ea°  +  0.0591  log  (H+  activity) 


REAGENTS 

Standard  0.1  IV  and  0.2  N  potassium  hydroxide  in  isopr 
alcohol.  Standard  0.1  AT  and  0.2  N  hydrochloric  acid  in  isopr 
alcohol.  Standard  aqueous  pH  =  4  buffer.  Standard  : 
aqueous  cG  =  0.650-volt  buffer  {2).  Standard  nonaqueous  c 
0.236-volt  buffer  (2). 

Titration  Solvent.  Mixture  of  equal  volumes  of  c.p. 
zene  and  c.p.  isopropyl  alcohol  containing  1%  water. 


Assuming  that  the  potential  of  the  glass  electrode  varies  in  a 
similar  manner  with  the  hydrogen-ion  activity  in  nonaqueous 
solution,  the  following  equation  can  be  considered  valid: 

Eg  =  Eg°  +  cG 


The  value  of  Eg°  for  any  particular  glass  electrode  is  constant. 
Under  suitable  conditions  and  assuming  that  liquid  junction 
effects  are  negligible,  the  potential  of  a  saturated  calomel  elec¬ 
trode  is  constant,  and  not  dependent  upon  the  hydrogen-ion 
activity  or  upon  the  activity  of  any  other  dissolved  substance. 


Therefore 


E  =  Ec°  +  Eg0  +  cG 


E  —  Egc  +  cG 

where  E  is  the  measured  electromotive  force  between  the  elec¬ 
trodes  and  Egc  is  a  constant  which  must  be  determined  by  cali¬ 
bration  for  each  electrode  pair. 


CHARACTERISTICS  OF  ELECTRODE  SYSTEM 

The  glass-calomel  system  requires  constant  and  regular  a 
tion  to  obtain  reproducible  values.  After  every  titration 
electrodes  must  be  rinsed  thoroughly  with  benzene-isopr 
alcohol  and  water,  carefully  dried  with  a  clean  towel,  and  so 
for  a  short  time  in  distilled  water.  Special  care  must  be  t 
in  preparing  the  ground-glass  sleeve  of  the  calomel  electrode. 

Before  use,  the  electrode  pair  is  standardized  with  aqu 
pH  =  4  buffer,  and  calibrated  with  two  nonaqueous  buffers 
cG  =  0.650  and  0.236  volt.  The  constant  Egc  is  calculated 
the  expression: 

Eac  =  E  -  0.236 

where  E  is  the  voltage  of  the  cell  when  immersed  in  pH  =  4  bi 


Methods  for  Free  and  Combined  Acid  and  Base 
Numbers 

Since  complete  details  of  these  methods  are  available  {1,  2), 
only  a  brief  outline  is  included  here. 

APPARATUS 

The  following  apparatus  has  been  found  through  experience 
to  be  most  satisfactory: 

Meter.  The  electronic  voltmeter  {26),  the  dual  alternating 
current  titrometer  described  by  Penther  and  Rolfson  {25),  or  the 
Beckman  model  M  or  Model  O  industrial  pH  meters. 

Electrodes.  High-resistance  glass  electrode  No.  4990,  and 
the  sleeve- type  calomel  electrode,  No.  4970 A,  manufactured  by 
the  National  Technical  Laboratories,  and  supplied  on  Beckman 

Titration  Stand,  described  by  Lykken  and  Rolfson  {21). 

Refluxing  Apparatus.  Regular  saponification  apparatus 
including  hot  plate,  Allihn-type  condenser,  and  300-ml.  Erlen- 
meyer  flask,  or  the  special  apparatus  pictured  in  Figure  3  of  {2). 


PROCEDURE  FOR  FREE  ACID  (ACID  NO.) 

Weigh  or  pipet  a  sample  of  less  than  20  grams  containing 
0.2  to  0.5  milliequivalent  of  acid  into  a  tail-form  250-ml. 
trolytic  beaker,  add  100  ml.  of  titration  solvent,  and  adjus 
beaker  so  that  the  electrodes  are  immersed  in  the  solvent.  Ti 
with  0.1  N  alcoholic  potassium  hydroxide,  making  certain 
sufficient  time  is  allowed  for  equilibration  between  incremer 
caustic.  A  satisfactory  indication  of  equilibrium  is  a  cell  vo 
“drift”  of  less  than  5  millivolts  per  minute.  Plot  a  graj 
milliliters  of  potassium  hydroxide  as  abscissas,  and  millivo! 
pH  scale  readings  as  ordinates.  Mark  inflections  that  < 
in  the  neighborhood  of  cG  =  0.236  and  0.650  volt  (correspoi 
to  pH  scale  readings  of  4.0  and  11.0,  respectively).  Deter 
the  number  of  milliliters  required  to  each  break.  Make  a  1 
titration  following  the  above  directions,  but  omitting  the  sa 

When  the  titration  curve  of  the  sample  shows  no  defini 
flection  point,  the  number  of  milliliters  of  potassium  hydr 
used  to  obtain  cG  readings  of  0.236  and  0.650  volt  are  tak 
equivalent  to  the  amounts  of  strong  and  total  acids,  respect 
The  voltages  between  the  electrodes  corresponding  to  c 
0.650  and  0.236  volt,  as  calculated  using  the  constant  Eac 
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ieised  as  the  correct  values  for  any  series  of  determinations 
ii  a  given  electrode  system.  For  work  of  a  special  nature  or 
gpooperative  or  referee  testing,  the  voltages  corresponding  to 

Sp  cG  values  should  be  obtained  by  calibration  with  standard 
iqueous  buffers. 

PROCEDURE  FOR  FREE  BASE  (BASE  NO.) 

;  ~oceed  exactly  as  for  free  acid,  using  0.1  N  hydrochloric  acid 
M;ad  of  potassium  hydroxide. 


>c: 


CALCULATIONS  FOR  FREE  ACID  AND  FREE  BASE 

gure  1  gives  acid  and  base  titration  curves  which  illustrate 
typical  shapes  commonly  encountered  and  the  manner  of 
ing  end  points.  The  amount  of  base  needed  to  neutralize 
icids  up  to  the  first  end  point  near  cG  =  0.236  volt  less  the 
qwalent  blank  titration  is  a  measure  of  the  acid  constituents 
strong  acid  characteristics.  The  amount  of  base  needed  to 
ralize  the  acids  between  the  end  points  near  cG  =  0.236  and 
iO  volt  less  the  equivalent  blank  titration  is  a  measure  of  the 
constituents  with  weak  acid  characteristics.  Basic  mate- 
neutralized  by  hydrochloric  acid  above  the  end  point  near 
3=  0.650  are  strong  bases  and  those  neutralized  between  the 
a  points  near  cG  =  0.650  and  0.236  volt  are  weak  bases. 


chips,  40  ml.  of  c.p.  benzene,  and  40  ml.  of  0.2  N  alcoholic  po¬ 
tassium  hydroxide.  Reflux  gently  for  2  hours,  remove  from  the 
hot  plate,  cool,  and  transfer  the  contents  to  a  titration  beaker. 
Adjust  the  beaker  so  that  the  electrodes  are  immersed  in  the 
solvent,  and  titrate  with  0.2  N  alcoholic  hydrochloric  acid  as 
directed  in  free  base  determination.  Select  the  strong  base  and 
weak  base  end  points  in  the  same  way  as  for  free  base  (above).  To 
recover  caustic  or  weak  bases  left  adhering  to  the  walls  of  the 
reflux  vessel,  add  100  ml.  of  water,  cover  the  vessel,  and  bring 
to  a  boil.  Cool  the  water  solution,  pour  into  a  titration  beaker, 
place  the  beaker  upon  the  titration  stand,  and  titrate  with  0.2  N 
alcoholic  hydrochloric  acid.  On  the  water  titration  curve  select 
the  end  points  near  the  cG  potentials  of  0.49  and  0.30  volt  (pH 
8.2  and  5.0,  respectively).  Add  the  number  of  milliliters  of 
hydrochloric  acid  required  for  the  upper  break  in  the  aqueous 
titration  curve  to  the  number  of  milliliters  requited  for  the  upper 
break  in  the  nonaqueous  titration  curve,  and  the  number  of  milli¬ 
liters  for  the  lower  break  in  the  aqueous  titration  curve  to  the 
corresponding  number  in  the  nonaqueous  titration  curve. 

Make  a  blank  determination  using  the  above  procedure,  but 
omitting  the  sample. 

Direct  Titration  Procedure.  Carry  out  the  determination 
as  directed  in  the  general  procedure,  but  add  sample,  caustic, 
and  benzene  directly  to  the  titration  beaker,  reflux  in  an  appara¬ 
tus  with  an  immersion-type  condenser,  cool,  and  titrate  directly 
in  the  reflux  beaker. 


HCEDURE  FOR  COMBINED  ACIDS  AND  BASES  (SAPONIFICATION  NO.) 


CALCULATIONS  FOR  COMBINED  ACIDS  AND  BASES 


•eneral  Procedure.  Although  this  procedure  is  the  most 
e:  ral  one,  it  is  used  only  for  samples  of  unknown  saponification 
b,  acteristics  or  for  samples  that  upon  saponification  produce 
adherent  precipitate  which  clings  to  the  surface  of  the  reflux 
■el.  The  simplified  direct  titration  procedure  is  generally 
■erred  whenever  it  is  applicable  because  it  allows  a  consider- 
b  saving  of  time  and  manipulative  effort. 

Heigh  or  pipet  a  sample  containing  from  1  to  3  milliequivalents 
Rmbined  acid  or  base  into  a  suitable  reflux  vessel.  Add  boiling 


Figure  2  gives  typical  combined  acid-base  titration  curves 
which  illustrate  the  shapes  commonly  encountered  and  the 
method  of  selecting  end  points.  Where  no  definite  breaks  are 
obtained,  the  arbitrary  points  at  which  cG  =  0.650  and  0.236 
volt  are  selected  as  in  the  free  acid  procedure. 

The  difference  in  the  amount  of  standard  acid  required  to  pro¬ 
duce  the  end  point  near  cG  potential  0.650  volt  (pH  scale  reading 
of  11.0)  for  the  sample  and  the  blank  determinations  is  a  measure 
of  the  amount  of  free  and  combined  acidic  constituents  in  the 

sample;  this  difference  is  equiva¬ 
lent  to  the  customary  saponifica¬ 
tion  number.  The  difference  in 
the  amount  of  standard  acid 
required  to  produce  the  end 
point  near  cG  potential  of 
0.24  volt  (pH  scale  reading  of 
4.0)  for  the  sample  and  blank 
determinations  is  a  measure  of 
the  free  and  combined  strong 
acid  constituents  in  the  sam¬ 
ple  if  the  blank  titration  is 
greater  than  the  sample  titra¬ 
tion;  if  the  sample  titration 
is  greater  than  the  blank  ti¬ 
tration,  the  difference  between 
them  is  a  measure  of  the  basic 
constituents  present  in  the 
sample.  These  relationships  do 
not  apply  if  the  sample  contains 
strong  acids  or  bases,  along 
with  constituents  that  upon 
saponification  produce  bases  or 
acids,  respectively. 

In  those  cases  in  which  a  water 
solution  is  prepared  and  titrated, 
the  amount  of  standard  acid 
used  to  produce  an  end  point 
near  cG  potential  of  0.485  volt 
(corresponding  to  pH  8.2)  in 
the  water  solution  titration  is 
added  to  that  required  to 
produce  an  end  point  near  a 
cG  potential  of  0.650  volt 
(corresponding  to  pH  scale 
reading  of  11.0)  in  the  benzene- 
isopropyl  alcohol  solution 
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ML.  OF  0.2  N  ALCOHOLIC  HCI 

Figure  2.  Illustrative  Titration  Curves  for  Determination  of  Combined  Acids  and  Bases 

Potentiometric  titration  with  alcoholic  hydrochloric  acid  of  basic  constituents  remaining  after  saponification  with 
potassium  hydroxide 

A.  Rapeseed  oil,  titration  of  nonaqueous  saponification  mixture 

A'.  Rapeseed  oil,  titration  of  water-soluble  residue  remaining  in  saponification  vessel 

B.  Oxidised  oil,  titration  of  nonaqueous  saponification  mixture  directly  in  reflux  vessel 

C.  Castor  oil,  titration  of  nonaqueous  saponification  mixture  directly  in  reflux  vessel 

D.  Blank,  titration  of  nonaqueous  saponification  mixture  directly  in  reflux  vessel 

1  E.  Alkaline  oil,  titration  of  nonaqueous  saponification  mixture  directly  in  reflux  vessel 

Titration  cell.  Glass  electrode  ||  calomel  electrode 
saponification  medium.  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol 
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titration.  Similarly,  the  amount  of  standard  acid  used  to  produce 
an  end  point  near  cG  potential  of  0.295  volt  (corresponding  to  pH 
5.0)  in  the  aqueous  titration  is  added  to  that  required  to  produce 
an  end  point  near  a  cG  potential  of  0.236  volt  (corresponding  to 
pH  scale  reading  of  4.0)  in  the  nonaqueous  titration.  These 
sums  are  used  to  calculate  the  various  differences  and  the  calcu¬ 
lations  are  then  made  as  though  only  one  titration  curve  had 
been  obtained. 


ACCURACY  AND  PRECISION 

The  accuracy  and  precision  of  the  free  acidity  method  depe 
upon  the  acids  present,  and  upon  the  materials  associated  wi 
the  acids.  In  the  determination  of  naphthenic  acids  in  10  grai 
of  lubricating  oil,  the  standard  deviation  is  less  than  0.05  ml. 
0.1  jV  alkali,  and  the  systematic  error  is  less  than  ±1.96  tin 
the  standard  error. 

The  accuracy  and  precision  of  the  combined  acidity  meth 


Table  I.  Electrochemical  Characteristics  of  Various  Nonaqueous  Solvents 


Solvent  Composition 

Water 

Added, 

Ml. 

Electrodes 

Indi¬ 
cating  Reference 

Solvent 

Action 

for 

Heavy 

Oil 

Equilibrium 

Rate 

of 

Electrodes 

Elec¬ 

trical 

Conduc¬ 

tivity 

Inherent 

Acidity 

of 

Solvent 

Chemical 

Stability 

of 

Solvent 

Nature 
of  _ 

Inflection 

Point 

Remarks 

100  ml.  (CHahCHOH 
100  mi.  (CHahCHOH 
100  ml.  (CHahCHOH 

10 

1 

None 

Glass 

Glass 

Glass 

Calomel 

Calomel 

Calomel 

Poor 

Fair-poor 

Fair-poor 

Very  good 
Very  good 
Good 

Good 

Fair 

Fair 

Low 

Low 

Low 

Inert 

Inert 

Inert 

Excellent 
Excellent . 
Excellent 

Standard  of  refere 

Equilibrium  slow 
break 

15  ml.  CHCla  +  90  ml. 

1.5 

Sb 

Calomel 

Good 

Good 

Good 

Low 

Slightly 

Good 

(CHahCHOH 

25  ml.  CHCla  +  75  ml. 

0.75 

Glass 

Calomel 

Very  good 

Good 

Good 

Low 

Slightly 

reactive 

Excellent 

Little  acid  fori 
during  titration 

(CHahCHOH 

50  ml.  CHCI3  +  100  ml. 

1 

Glass 

Calomel 

Good 

Good 

Good 

Low 

Reactive 

Good 

Little  acid  fori 
during  titration 

(CHahCHOH 

50  ml.  CHCla  +  100  ml. 

1 

Sb 

Calomel 

Good 

Good 

Very  good 

Low 

Reactive 

Good 

LiCl  added 

(CHaHCHOH 

75  ml.  CHCla 

None 

Sb 

Calomel 

Very  good 

Slow 

Very  poor 

Low 

Reactive 

Good 

Acid  formed  dui 
titration 

75  ml.  CHCla 

0.015 

Sb 

Calomel 

Excellent 

Slow 

Good 

Low 

Very 

reactive 

Poor 

LiCl  added,  m 
base  consumed 

75  ml.  CHCla  +  25  ml. 

None 

Sb 

Calomel 

Very  good 

Slow 

Fair 

Low 

Reactive 

Very  poor 

Acid  formed  du: 
titration 

(CHahCHOH 

75  ml.  CHCla  +  35  ml. 

0. 1 

Glass 

Calomel 

Very  good 

Slow 

Good 

Low 

Reactive 

Very  poor  Acid  formed  duri 
titration 

(CHahCHOH 

100  ml.  CHCh +10  ml. 

1 

Glass 

Calomel 

Very  good 

Slow 

Poor 

Low 

Reactive 

Very  poor 

Acid  formed  du 
titration 

(CHahCHOH 

75  ml.  CCU 

None 

Sb 

Calomel 

Excellent 

Slow 

Very  poor 

Low 

Very 

reactive 

Good 

Acid  formed  du 
titration 

75  ml.  CCU  +  35  ml. 

1 

Glass 

Calomel 

Very  good 

Slow 

Poor 

Low 

Reactive 

Fair 

(CHahCHOH 

75  ml.  CCU  +  35  ml. 

1 

Sb 

Calomel 

Very  good 

Slow 

Poor 

Low 

Very 

reactive 

Poor 

Acid  formed  du 
titration 

(CHahCHOH 

100  ml.  CeH« 

None 

Glass 

Calomel 

Excellent 

Nil 

Nonconducting,  ti 
tion  impossible 

50  ml.  (CHahCHOH  + 

None 

Glass 

Calomel 

Excellent 

Good 

Poor 

Low 

Inert 

Excellent 

50  ml.  CeHe 

50  ml.  CeHe  +  50  ml. 

0.5 

Glass 

Calomel 

Good 

Good 

Fair 

Low 

Inert 

Good 

C2H6OH 

75  ml.  CeHe  +  75  ml. 

0.8 

Glass 

Calomel 

Excellent 

Good 

Fair 

Low 

Inert 

Excellent 

(CHahCHOH 

75  ml.  CeHe  +  25  ml. 

None 

Glass 

Calomel 

Excellent 

Slow 

Very  poor 

Low 

Inert 

Excellent 

(CHahCHOH 

75  ml.  CeHe  +  25  ml. 

0.3 

Glass 

Calomel 

Excellent 

Good 

Poor 

Low 

Inert 

Excellent 

(CHahCHOH 

100  ml.  petroleum 

None 

Glass 

Calomel 

Good 

Nil 

Nonconducting,  t 
tion  impossible 

ether 

75  ml.  petroleum  ether 

0.8 

Glass 

Calomel 

Excellent 

Good 

Fair 

Low 

Inert 

Good 

+  75  ml.  (CHah¬ 
CHOH 

75  ml.  n-butyl  alcohol 

None 

Glass 

Calomel 

Poor 

Very  slow 

Good 

High 

Reactive 

Good 

75  ml.  acetone 

75  ml.  n-butyl  alcohol 

0.8 

Glass 

Calomel 

Good 

Good 

Good 

Very  high 

Inert 

Good 

75  ml.  (CHahCHOH 
75  ml.  n-butyl  alcohol 

0.8 

Glass 

Calomel, 

Good 

Good 

Very  good 

Very  high 

Inert 

Good 

LiCl  added 

+  75  ml.  (CHa)a- 

CHOH 

75  ml.  cyclohexanol  + 

0.8 

Glass 

Calomel 

Good 

Slow 

Poor 

High 

Inert 

Good 

Base  dilution 
“normal" 

75  ml.  (CHahCHOH 
150  ml.  cyclohexanol 

50  ml.  methyl  ethyl 

1 

0.025 

Glass 

Glass 

Calomel 

Calomel 

Good 

Good 

Slow 

Good 

Poor 

Good 

Very  high 
High 

Inert 

Reactive 

Good 

Excellent 

Unusually  high 
tentialrise 

ketone  +  25  ml. 

(CHahCHOH 

75  ml.  methyl  ethyl 

0.8 

Glass 

Calomel 

Excellent 

Very  good 

Good 

High 

Reactive 

Very  good 

High  final  pote 

ketone  +  75  ml. 

(CHahCHOH 

75  ml.  methyl  ethyl 

0.8 

Sb 

Calomel 

Excellent 

Very  good 

Good 

High 

Reactive 

Good 

LiCl  added,  ( 
dwarfed 

ketone  +  75  ml. 

(CHahCHOH 

100  ml.  methyl  ethyl 

None 

Glass 

Calomel 

Good 

Slow 

Very  good 

High 

Reactive 

Fair 

Unusually  high 
tentialrise 

ketone 

100  ml.  methyl  ethyl 

5 

Glass 

Calomel 

Excellent 

Very  good 

Good 

High 

Reactive 

Good 

High  final  potent 

ketone  +  50  ml. 

(CHahCHOH 

75  ml.  amyl  ketone  + 

0.8 

Glass 

Calomel 

Good 

Good 

Good 

High 

Reactive 

Good 

75  ml.  (CHahCHOH 
50  ml.anisole  +  100  ml. 

1 

Glass 

Calomel 

Good 

Fair 

Fair 

Low 

Inert 

Good 

(CHahCHOH 

50  ml.anisole  +  100  ml. 

1 

Sb 

Calomel 

Good 

Good 

Good 

Low 

Inert 

Poor 

LiCl  added,  < 
dwarfed 

(CHahCHOH 

75  ml.  isopropyl  ether 

0.8 

Glass 

Calomel 

Good 

Good 

Fair 

Low 

Reactive 

Excellent 

Reactivity  due 
compounds 

+  75  ml.  (CHah- 

CHOH 

75  ml.  isopropyl  ether 

0.8 

Sb 

Calomel 

Good 

Good 

Good 

Low 

Reactive 

Excellent 

LiCl added 

+  75  ml.  (CHah- 

CHOH 

75  ml.dioxane  +  75  ml. 

0.8 

Glass 

Calomel 

Good 

Slow 

Fair 

None 

(CHahCHOH 

95  ml.  dioxane 

5 

Glass 

Calomel 

Good 

Slow 

Good 

Very  poor 

Good  inflection 
strong  acid 

100  ml.  benzyl  alcohol 

None 

Glass 

Calomel 

Excellent 

Very  slow 

Fair 

Very  high 

Reactive 

Very  good  Medium  ha* 
viscosity 
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Figure  3.  Optimum  Water  Content  of  Titration  Solvent 
.  ree  acid-base  procedure.  Potentionebic  libations  of  inherent  acidity  of  solvent  con 
taining:  A  0.05,  B  0.5,  C  2.5,  D  5.0,  and  E  9.6%  water 
ibation  cell.  Glass  elecbode  ||  calomel  elecbode 
ibation  solvent.  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol 


Optimum  Water  Concentration  of  Titration 
Solvent.  The  presence  of  a  certain  amount  of  water 
in  the  benzene-isopropyl  alcohol  medium  is  beneficial, 
since  it  greatly  reduces  the  resistance  of  the  mixture 
and  makes  the  measurement  of  potential  difference  be¬ 
tween  the  electrodes  considerably  easier.  A  study  was 
made  of  the  optimum  water  content  of  the  solvent  for  use 
in  the  free  and  combined  acid  methods  already  described. 

Titration  of  Free  Acid  or  Base.  Mixtures  of  benzene 
and  isopropyl  alcohol  were  prepared  containing  0.05, 
0.5,  2.5,  5.0,  and  9.6  (saturated)  %  water,  and  used  as 
titration  solvents  in  the  following  titrations: 

Blank  titrations.  One  hundred  milliliters  of  each  sol¬ 
vent  were  titrated  with  0.0852  N  alcoholic  potassium 
hydroxide. 

Hydrochloric  acid-naphthone  A  titrations.  Samples 
of  2  ml.  of  0.1  N  alcoholic  hydrochloric  acid  and  2  ml. 
of  0.065  N  alcoholic  naphthone  A  (naphthenic  acid) 
were  dissolved  in  100  ml.  of  each  solvent-water  mixture 
and  titrated  with  0.0852  N  alcoholic  potassium  hydrox¬ 
ide. 

Zinc  soap-oxidized  oil  titrations.  A  standard  solu¬ 
tion  of  zinc  soap  was  prepared  such  that  4  ml.  of  solu¬ 
tion  contained  0.1  gram  of  zinc  soap.  Samples  of  4  ml. 
of  this  solution  were  mixed  with  5  grams  of  a  typical 
oxidized  motor  oil,  and  titrated  in  each  solvent-water 
mixture  with  0.0852  N  alcoholic  potassium  hydroxide. 


pend  upon  the  esters  and  acids  present,  and  upon  the  materials 
sociated  with  the  esters.  In  the  determination  of  the  saponi- 
ation  number  of  castor  oil  in  10  grams  of  lubricating  oil,  the 
dard  deviation  is  less  than  0.05  ml.  of  1.0  N  acid,  and  the 
stematic  error  is  less  than  ±  1.96  times  the  standard  error. 

The  accuracy,  though  not  the  precision,  of  both  methods  may 
impaired  by  the  nonreactivity  of  some  acids  or  esters,  and 
the  insolubility  of  some  materials  such  as  certain  high  molec- 
ar  weight  asphaltenes. 

Experimental 

SOLVENT 

Selection  of  Titration  Solvent.  The  first  part  of  this  in- 
istigation  was  concerned  with  the  search  for  a  solvent  or  solvent 
ixture  to  meet  the  specifications 
ated  above.  Exhaustive  tests  were 
ade  of  solvents  mentioned  in  the 
*  /affable  literature,  and  of  all  others 
hich  might  conceivably  qualify, 
hose  mixtures  which  evidenced  pos- 
bilities  were  tested  in  various  con- 
:ntrations  before  abandonment, 
he  characteristics  of  the  major 
>mpositions  tested  are  summarized 
i  Table  I;  some  of  the  concentra- 
on  variations  for  individual  mix- 
ires  are  not  listed,  as  they  showed 
sentially  the  same  characteristics  as 
le  parent  mixture. 

The  study  resulted  in  finding  two 
fftable  media:  (1)  an  approximately 
)%  mixture  of  benzene  and  iso- 
ropyl  alcohol,  and  (2)  an  approxi- 
tately  50%  mixture  of  petroleum 

|;her  and  isopropyl  alcohol.  The 
enzene-isopropyl  alcohol  was  chosen 
ecause  it  has  greater  water  tolerance 
ad  is  a  better  solvent  for  asphalts 
nd  oxidized  materials. 


The  results  of  the  titrations  are  summarized  in  Tables  II 
and  III,  and  the  titration  curves  are  shown  in  Figures  3  to  5. 
They  indicate  that  while  all  solvent-water  mixtures  are 
suitable  for  the  determination,  the  most  desired  titration 
characteristics  are  obtained  using  0.5  to  2.5%  water.  On  both 
sides  of  this  range  the  titration  curve  is  more  dwarfed,  and  the 
characteristics  of  the  titration  are  more  erratic.  The  equilibra¬ 
tion  rate  is  more  rapid  as  more  and  more  water  is  added;  how¬ 
ever,  the  increase  in  rapidity  is  not  pronounced  after  0.5%  water 
has  been  added.  Balancing  all  factors  such  as  equilibrium  rate, 
the  desire  for  a  high  water  tolerance  in  the  final  medium,  the 
desire  for  undwarfed  titration  curves,  etc.,  the  0.5%  value  for 
water  is  considered  optimum;  it  has  been  found  very  success¬ 
ful  in  routine  application  of  the  method. 

Titration  of  Combined  Acids  and  Bases.  The  same  water- 
solvent  mixtures  used  for  the  free  acid-base  investigation  were 
employed  for  a  study  of  the  influence  of  water  upon  the  combined 
acid-base  determinations. 


Figure  4.  Optimum  Water  Content  of  Titration  Solvent 

Free  acid-base  procedure.  Potentiometric  titrations  of  mixtures  of  hydrochloric  acid  and 
naphthone  A  in  titration  solvent  containing:  A  0.05,  B  0.50,  C  2.5,0  5.0,  and  E  9.6%  water 
Titration  cell.  Glass  electrode  II  calomel  electrode 
Titration  solvent.  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol 
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Figure  5.  Optimum  Water  Content  of  Titration  Solvent 

Free  acid-base  procedure.  Potentiometric  titrations  of  5  grams  of  oxidized  oil  and  0.1 00  gram  of 
zinc  soap  in  titration  solvent  containing:  A  9.6,  B  5.0,  C  2.5,  D  0.5,  and  E  0.05%  water 
Titration  cell.  Glass  electrode  ||  calomel  electrode 
Titration  solvent.  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol 


the  salts  formed  during  thi 
nonaqueous  titration  tend  t< 
coat  the  electrodes  and  beake 
walls,  slowing  the  rate  of  equili 
bration  and  rendering  th 
titrations  almost  impossible. 

The  second  effect  mus 
naturally  be  avoided,  so  tha 
a  limitation  of  the  water  con 
tent  to  less  than  0.5%  is  ab 
solutely  necessary.  The  firs 
effect  places  a  still  greate 
limit  on  the  water  conteni 
Previous  to  the  determins 
tion  of  optimum  water  cor 
tent,  the  possibility  of  de 
termining  combined  acids  b 


Table  II.  Titration  of  Hydrochloric  Acid  and  Naphthone  A  in  Titration  Solvent 

Containing  Water 

(Titration  solvent:  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol) 

Water  Con¬ 
tent  of  ' - 0.0852  N  Base - -* 


Titration 

Solvent 

%  ®- 
0.05 

Solvent 

blank 

Ml. 

0.23 

Strong  Acids 
Found  Theory 

Ml.  Ml. 

2.38  2.38 

0.5 

0.18 

2.38 

2.38 

2.5 

0.23 

2.38 

2.38 

5.0 

0.20 

2.43 

2.38 

9.6 

0.18 

2.38 

2.38 

Weak  Acids 


Found 

Theory 

Remarks 

Ml. 

1.44 

Ml. 

1.41 

Slow  equilibrium,  poor 

1.37 

1.41 

conductivity,  potential 
irregular 

Rapid  equilibrium,  stable 

1.34 

1.41 

potential 

Very  rapid  equilibrium, 
very  stable  potential 
Much  like  0.5%  water 

1.32 

1.41 

1.37 

1.41 

test 

Much  like  water  titration 

saponification  in  the  benzene 
isopropyl  alcohol  medium  had  been  investigate 
Several  unsuccessful  attempts  were  made  t 
employ  a  single  direct  titration  of  the  sapon 
fication  mixture  in  the  reflux  vessel;  in  ever 
case  there  was  an  unaccountable  loss  in  caust 
when  the  direct  titration  was  employed,  whi. 
no  loss  was  noted  when  the  double  titration  pr< 
cedure  was  used.  It  was  soon  discovered  i 
running  many  identical  samples  and  blanks  b 
both  procedures,  that  the  loss  in  caustic  w i 
proportional  to  the  size  of  the  second  or  wat< 
titration  to  be  expected  from  the  mixture.  Aj 
parently,  the  second  titration  results  from  tl 
reaction  of  caustic  with  the  reflux  vessel  i 


Table  III.  Titration  of  Oxidized  Oil  Sample  Containing  Zinc  Soap 
in  Titration  Solvents  Containing  Water 

(Titration  solvent:  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol) 
Water 

Content  Total  Acid  Number 

of  Oil  (5  Grams)  plus  Increase  with  Zinc 
Titra-  Zinc  Soap  (0.1  Gram)  Soap  (0.1  Gram) 


tion 

At 

At 

At 

At 

Solvent 

break 

cG  =  0.65 

break 

cG  =  0.65 

Remarks 

% 

0.05 

6.46 

6.22 

4.62 

4.38 

Slow  equilibrium,  un¬ 
stable  potential 

0.5 

6.50 

6.04 

4.66 

4.20 

Slow  equilibrium,  es¬ 
pecially  in  break, 
unstable  potential 

2.5 

6.46 

6.08 

4.62 

4.24 

Good  equilibrium 

rate,  slightly  un¬ 
stable  potential 

5.0 

6.49 

6.24 

4.65 

4.40 

Rapid  equilibrium, 
much  like  water 
titration 

9.6 

6.50 

6.27 

4.66 

4.43 

Like  water  titration 

Samples  of  10  grams  of  a  typical  oxidized  oil  were  added  to 
100-ml.  portions  of  the  water-solvent  mixtures,  10  ml.  of  0.8  N 
alcoholic  potassium  hydroxide  were  added  to  each  solution,  and 
the  resulting  saponification  mixture  was  refluxed  gently  for  2 
hours.  A  blank  was  prepared  for  each  solvent  mixture  by  per¬ 
forming  the  identical  steps,  but  omitting  the  sample.  After  sa¬ 
ponification,  blank  and  sample  were  removed  from  the  hot  plate, 
cooled,  and  transferred  to  titration  beakers.  The  nonaqueous 
solution  was  titrated  with  1  N  alcoholic  hydrochloric  acid  (the 
“first”,  or  “nonaqueous”  titration).  One  hundred  milliliters 
of  water  were  added  to  the  reflux  vessel,  and  the  contents  were 
boiled,  cooled,  and  titrated  with  1.0  N  alcoholic  hydrochloric 
acid  (the  “second”  or  “water”  titration). 

The  data  obtained  are  given  in  Table  IV,  and  titration  curves 
are  shown  in  Figures  6  and  7.  Two  major  effects  of  the  presence 
of  water  in  the  saponification  medium  were  noted:  (1)  The  size 
of  the  second  titration  increases  with  increasing  water  concen¬ 
tration  to  a  maximum  at  2.5%  water,  then  decreases  slightly, 
and  (2)  when  more  than  0.5%  water  is  present  in  the  medium, 


with  some  other  substance  to  form  a  residi 
that  is  insoluble  in  the  titration  solvent  b 
soluble  in  hot  water.  This  material  does  not  react  with  h; 
drochloric  acid  in  the  nonaqueous  medium,  but  is  readi 
titrated  with  acid  in  the  aqueous  medium.  The  analysis  of 
typical  water-soluble  saponification  residue  is  given  in  Table  ' 
Nothing  is  known  concerning  the  nature  of  these  residues,  b 
the  presence  of  water  seems  to  promote  their  formation.  Ther 
fore,  if  a  direct  titration  is  to  be  used,  it  is  necessary  to  mainta 


Table  IV.  Determination  of  Saponification  Number  of  an  Oxidizt 
Oil  in  Titration  Solvent  Containing  Water 

(Titration  solvent:  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol.  Sapo 
fication  conditions:  approximately  10  grams  of  oil,  7  ml.  of  1.0  N  alcoho 

KOH) 

Strong  Acid 
Saponifi¬ 
cation 

No.  Remarks 

Mg.  KOH/g. 

1 .  (2)  Very  rapid  equilibration,  neg 

gible  second  titration,  idc 
conditions 

1.(0)  Rapid  equilibration,  second 

tration  fairly  small 

0.(0)  Two  phases  on  addition 

caustic.  Equilibration  sic 
potentials  unsteady,  seco 
titration  high 

1.(8)  Two  phases  on  addition 

caustic,  equilibration  slo 
second  titration  large 
0.(8)  Two  phases  on  addition 

caustic,  equilibration  rap 
fairly  small  second  titrati 


Table  V.  Chemical  Analysis  of  Typical  Water-Soluble 
Saponification  Residue 

Mg. 


Total  carbon  1642 

COi  29 

B2O1  16 

SiOz  100 

Total  potassium  (K2O)  182 

Total  alkalinity  (KzO)  182 


Water  Con¬ 
tent  of 
Titration 
Solvent 

Saponifi¬ 

cation 

No. 

%  r. 

Mg.  KOH/g. 

0.05 

4.(8) 

0.5 

4.(0) 

2.5 

3.(7) 

6.0 

6.(8) 

9.6 

3.(7) 
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Figure  6.  Optimum  Water  Content  of  Titration  Solvent 

bmbined  acid-base  procedure.  Potentiometric  tibation  of  aqueous  and  nonaqueous  solutions  resulting  from  saponification 
of  indicated  amounts  of  oxidized  oil  in  presence  of  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol,  1 0  ml.  of  approximately 
0.7  N  alcoholic  potassium  hydroxide,  and  indicated  amounts  of  water;  2-hour  reflux  period 


A.  Nonaqueous  solution,  11.71  grams  of  oil,  0.05%  water 
A'.  Aqueous  solution  corresponding  to  A 

B.  Nonaqueous  solution,  blank,  0.05%  water 
B\  Aqueous  solution  corresponding  to  B 

C.  Nonaqueous  solution,  10.18  grams  of  oil,  0.5%  water 


t  low  concentration  of  water  in  the  saponification  medium. 
h  difficulty  is  encountered  if  the  water  content  is  below  0.1%. 
Necessary  Purity  of  Titration  Solvent.  In  several 
lousand  analyses  of  oxidized  oils,  it  was  found  that  the  impuri- 
1:s  present  in  ordinary  commercial  grades  of  benzene  and  iso- 
jopyl  alcohol  tend  to  produce  erratic  and  inaccurate  results 
nen  these  solvents  are  used  in  the  combined  acid-base  pro¬ 
cure.  Deviations  of  as  much  as  30%  have  been  obtained 
ling  the  commercial  solvents.  This  inaccuracy,  not  encountered 
i  the  case  of  free  acid-base  determinations,  is  apparently  due  to 
•e  presence  of  difficultly  saponifiable  compounds  of  sulfur  or 
i  lorine,  or  of  materials  which 
md  to  form  resins  in  the  pres- 

Ice  of  excess  caustic. 

Commercial  isopropyl  alco- 
1  occasionally  contains  ap- 
eciable  amounts  of  unsatu- 
ted  material,  aldehydes,  or 
tones.  On  standing  with 
cess  potassium  hydroxide, 
ese  materials  form  resins 
nch  color  the  alcohol  yellow 
■  id  cause  objectionably  high 
anks  in  the  combined  acid- 
.se  procedure.  The  isopropyl 
cohol  used  should  develop 
'  color  on  standing  with  solid 
'tassium  hydroxide,  should 
ntain  less  than  0.1%  water 
test,  and  should  have  low 
iherent  acidity. 

Commercial  benzene  gen- 
ally  contains  saponifiable 
mpounds  of  sulfur  and  chlo- 
le  which  react  more  or  less 
mpletely  with  potassium  hy- 
oxide.  Since  a  great  many 
ctors  can  influence  the  rate 
saponification  of  such  com- 
>unds,  considerable  variation 
obtained  in  the  saponifica- 
in  numbers  determined  using 


commercial  benzene  even  when 
blank  determinations  are  made. 
A  typical  analysis  of  ordinary 
commercial  benzene  is  given 
in  Table  VI,  and  the  analysis 
of  a  typical  precipitate  formed 
by  reacting  the  benzene  with 
potassium  hydroxide  in  Table 
VII. 

Ordinary  commercial  ben¬ 
zene  or  isopropyl  alcohol  can  be 
easily  purified  to  meet  specifi¬ 
cations  by  refluxing  over  potas¬ 
sium  hydroxide  for  several 
hours,  and  then  carefully  frac¬ 
tionating. 

Addition  of  Soluble  Elec¬ 
trolyte  to  Improve  Conduc¬ 
tivity  of  Titration  Solvent. 
The  addition  of  lithium  chlo¬ 
ride  to  the  benzene-isopropyl 
alcohol  medium  was  suggested 
as  a  means  of  reducing  the  re¬ 
sistance  of  the  titration  sol¬ 
vent.  Trials  were  made  using 
various  concentrations  of 
lithium  chloride  in  the  medium,  but  it  was  found  to  react  with 
caustic  and  cause  a  considerable  error  in  the  titration  curve. 
To  date,  no  soluble  metallic  salt  has  been  found  which  is  inert 
to  potassium  hydroxide  in  the  medium.  If  such  a  salt  can  be 
found,  its  use  may  improve  the  characteristics  of  the  solvent. 

Characteristics  of  Benzene-Isopropyl  Alcohol  Titra¬ 
tion  Solvent.  Equilibrium  Rate.  All  acids,  bases,  and  salts, 
are  ionized  in  benzene-isopropyl  alcohol  solvent  to  a  degree  com¬ 
parable  with  that  in  water.  Therefore  it  is  assumed  that  the 
reactions  taking  place  in  the  free  acid-base  titration  are  very 
rapid.  As  in  aqueous  solutions,  saponification  takes  place  at 


C'.  Aqueous  solution  corresponding  to  C 

D.  Nonaqueous  solution,  blank,  0.5%  water 
D'.  Aqueous  solution  corresponding  to  D 

E.  Nonaqueous  solution,  10.31  grams  of  oil,  2.5%  water 
E' .  Aqueous  solution  corresponding  to  E 


Figure  7.  Optimum  Water  Content  of  Titration  Solvent 

Combined  acid-base  procedure.  Potentiometric  titration  of  aqueous  and  nonaqueous  solutions  resulting  from 
saponification  of  indicated  amounts  of  oxidized  oil  in  presence  of  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol. 
10  ml.  of  approximately  0.7  N  alcoholic  potassium  hydroxide  and  indicated  amounts  of  water;  2-hour  reflux  period 

F.  Nonaqueous  solution,  blank,  2.5%  water 
F'.  Aqueous  solution  corresponding  to  F 

G.  Nonaqueous  solution,  10.13  grams  of  oil,  5.0%  water 
G'.  Aqueous  solution  corresponding  to  G 

H.  Nonaqueous  solution,  blank,  5.0%  water 
H’.  Aqueous  solution  corresponding  to  H 

I.  Nonaqueous  solution,  8.15  grams  of  oil,  9.6%  water 
/’.  Aqueous  solution  corresponding  to  / 

J.  Nonaqueous  solution,  blank,  9.6%  water 
J'.  Aqueous  solution  corresponding  to  J 
Titration  cell.  Glass  electrode  ||  calomel  electrode 
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Table  VI.  Analysis  of  Commercial  Grade  Benzene 


Purity  by  freezing  point,  % 

Sulfur,  % 

Chlorine,  % 

Carbonyl  value,  mole  per  100  grams 
Acetyl  value,  equivalent  per  100  grams 
Carbon,  % 

Hydrogen,  % 


99.92 

0.0013 

0.14 

0.006 

0.002 

91.96 

7.79 


Table  VII.  Analysis  of  Precipitate  Formed  during  Saponification 
of  Blanks  Using  Commercial  Benzene 


Sulfate  ash,  % 
Potassium 
Silicon,  %a 
Calcium,  %a 
Sodium,  %a 
Carbon,  % 
Hydrogen,  % 
Chlorine,  % 

Sulfur,  % 

“  Order  of  magnitude  only. 


71.2 

Major  constituent 
1 

0.1  -  1 
0.1 

3.3 

1.3 
23 

0.09 


Table  VIII.  Influence  of  Time  on  Saponification  Number  of  Castor 

Oil 


(Saponification  condition:  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol, 
1.00  gram  of  castor  oil,  and  10  ml.  of  0.904  N  base) 


Time  of 
Reflux 

Saponifica¬ 
tion  No. 

Strong  Acid 
Saponifica¬ 
tion  No. 

Saponified 

Min. 

Mg.  KOH/g. 

Mg.  KOH/g. 

% 

0 

118 

0.0 

65 

5 

155 

1.0 

86 

15 

165 

3.0 

91 

30 

175 

1.0 

97 

60 

181 

1.0 

100 

60“ 

186 

3.0 

420® 

194 

0.0 

. . . 

a  Sample  and  blank  contained  10  grams  of  SAE  30  lubricating  oil. 


slow  reaction  rates  which  must  be  taken  into  consideration  in 
determining  the  time  of  reflux  necessary  for  the  saponification  of 
combined  acids  and  bases,  and  in  estimating  the  necessary  excess 
of  caustic  to  saponify  combined  acids  and  bases  in  a  reasonable 
length  of  time.  Unlike  titrations  in  aqueous  media,  titration  in 
benzene-isopropyl  alcohol  solution  requires  that  considerable 
time  be  allowed  between  increments  of  titrant  to  allow  the  elec¬ 
trode  potential  to  come  to  reasonable  equilibrium. 

The  course  of  events  as  each  drop  of  titrant  is  added  during  a 
titration  is  indicated  by  the  following  observations. 

(1)  In  many  tests  on  plain  oxidized  oils  there  has  been  no  evi¬ 
dence  of  the  presence  of  a  momentary  excess  of  base  immediately 
after  adding  an  increment  of  the  base  solution.  After  addition 
of  the  base  increment,  the  meter  reading  generally  progresses 
steadily  to  a  constant  reading,  in  1  to  6  minutes,  and  never  tends 
to  reach  a  maximum  and  decrease  to  a  lower  steady  value  on 
standing.  (2)  The  meter  reading  progresses  more  quickly  to  an 
unchanging  value  at  cG  =  0.600  to  0.700  volt  than  at  cG  = 
0.400  to  0.500  volt.  (3)  The  increase  of  the  base  concentration 
of  the  solution  takes  place  rather  rapidly  after  the  addition  of  a 
small  increment  of  base  titrant  but  the  indicated  cG  potential 
reading  follows  slowly.  Thus,  it  appears  that  time  is  required 
to  replace  the  film  of  solution  on  the  electrodes  by  a  film  of  solu¬ 
tion  containing  the  added  portion  of  the  base.  Rate  of  stirring 
has  no  appreciable  influence  on  the  time  for  equilibrations,  pro¬ 
vided  it  is  adequate. 

A  great  many  variations  in  the  manner  of  adding  titrant  have 
been  tried — constant  increments,  constant  waiting  periods  be¬ 
tween  additions  of  titrant,  specification  of  rates  of  change  of 
voltage  to  be  accepted  as  indicating  equilibrium,  and  many 
others.  The  present  specification  (1,  2)  has  grown  out  of  a  large 
amount  of  experience  in  making  titrations  in  the  benzene-iso¬ 
propyl  alcohol  medium.  It  has  been  applied  with  success  to  a 
large  number  of  standard  samples  in  which  the  acid  and  basic 
strengths  have  varied  from  the  highest  to  the  lowest  detectable 
by  the  method. 

Reaction  of  Caustic  with  Combined.  Adds  and  Bases  in  the 
Medium.  The  excess  of  potassium  hydroxide,  and  the  time  of 
reflux  necessary  for  complete  saponification  of  combined  acids 
and  bases,  were  experimentally  determined  using  a  sample 
of  pure  castor  oil  and  a  typical  sample  of  oxidized  oil.  Tables 
VIII  and  IX  summarize  the  results  of  saponifying  equal  amounts 


of  the  oils  for  varying  intervals  of  time  in  the  presence  of  a  large 
excess  of  potassium  hydroxide.  Table  X  gives  the  results  o 
saponifying  equal  amounts  of  the  oxidized  oil  in  the  presence  o 
varying  amounts  of  caustic,  using  a  constant  reflux  time  of 
hours.  A  refluxing  time  of  2  hours  and  an  excess  of  at  least  2( 
ml.  of  0.2  N  potassium  hydroxide  apparently  are  satisfactory 
conditions,  and  allow  sufficient  analytical  freedom.  These  con 
ditions  have  been  checked  with  a  large  number  of  known  mate 


Table  IX.  Influence  of  Time  of  Reflux  on  Saponification  Numbs 
of  Oxidized  Lubricating  Oil 

(Saponification  mixture:  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol,  1 
grams  of  oil,  and  10  ml.  of  0.904  N  base) 


Time  of  Reflux 

Saponification  No. 

Strong  Acid 
Saponification  N. 

Hours 

Mg.  KOH/g. 

Mg.  KOH/g. 

1 

3.9 

0.9 

2 

4.0 

0.8 

4 

3.5 

0.7 

7.5 

3.1 

0.7 

20 

3.5 

0.6 

Table  X.  Influence  of  Excess  Caustic  upon  Saponification  Numb< 
of  a  Used  Lubricating  Oil 


(Saponification  condition:  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcoho 
10  grams  of  oil,  and  2  hours’  reflux) 

0.904  N  Alooholic  Strong  Acid 

KOH  in  Medium  Saponification  No.  Saponification  Nc 

Ml.  Mg.  KOH/g.  Mg.  KOH/g. 


1.00 

4.1 

3.00 

6.4 

5.00 

6.9 

7.00 

7.5 

9.00 

8.0 

10.00 

7.7 

0.9 

1.8 

2.0 

2.4 

3.3 

2.9 
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Figure  8.  Influence  of  Acid  Strength  upon  Free  Acid  Titration 

Curve 

Potentiometric  titration  of  acids  with  alcoholic  potassium  hydroxide: 

A.  Hydrochloric  acid  F.  Acetic  acid 

B.  Trichloroacetic  acid  G.  p- Nitrophenol 

C.  Dichloroacctic  acid  H.  m-Nitrophenol 

D.  Monochloroacetic  acid  /.  Phenol  (hydroxybenzene) 

E.  Formic  acid  J.  Blank 

Titration  cell.  Glass  electrode  ||  calomel  electrode 

Titration  solvent.  50  ml.  of  benzene,  50  ml,  of  isopropyl  alcohol  containing  1% 
water 
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igure  9.  Influence  of  Base  Strength  upon  Free  Base  Titration  Curve 

ntiometric  titration  of  bases  with  alcoholic  hydrochloric  acid: 

A.  Blank  E.  Butylamine 

B.  Pyridine  F.  Sodium  hydroxide 

C.  Hexamethylenetetramine  G.  Potassium  hydroxide 

D.  Ammonia  H.  Tetraethylammonium  hydroxide 

ition  cell.  Glass  electrode  ||  calomel  electrode 

I  lion  solvent.  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol  containing  1%  water 

!js  and  found  to  produce  complete  saponification  in  practically 
-the  trials.  Certain  compounds  of  phosphorus  and  a  few  other 
fit  organic  substances  required  more  severe  conditions. 
Throughout  these  tests,  it  was  found  that  the  benzene-iso- 
i  pyl  alcohol  titration  solvent  is  stable  in  the  presence  of  excess 
te.  It  is  not  appreciably  attacked  even  under  conditions  of 
t  stic  saponification,  such  as  48  hours’  reflux  with 
njess  strong  base. 

onization  of  Acids  and  Bases  in  Benzene-Isopropyl 
1  ohol  Titration  Solvent.  While  the  apparent  de- 
fle  of  ionization  of  most  acids  and  bases  in  the 
►izene-isopropyl  alcohol  is  measurably  different 
tu  that  in  water,  the  relative  acid  or  base  strengths 
•'the  members  of  a  series  of  acids  or  bases  are 
t  he  same  order  in  this  titration  solvent  as  in  water; 
tvever,  there  is  a  better  differentiation  of  the  ap- 
lient  degree  of  ionization  of  the  more  acidic  mate- 
»s  in  this  titration  solvent  than  in  water.  These 
iitionships  are  illustrated  by  Figures  8  and  9, 
rich  give  typical  titration  curves  of  various  acids 
t'l  bases  titrated  in  the  benzene-isopropyl  alcohol 
fat  ion  solvent.  Since  it  is  assumed  that  the  cG 
lential  is  a  measure  of  the  hydrogen  activity  of  a 
liaqueous  solution,  it  is  further  assumed  that  the 
r  potential  at  the  mid-titration  indicates  the  rela¬ 
te  acid  or  base  strength  of  the  substance  in  this 
Nation  solvent.  That  there  is  a  definite  relation- 
i  p  between  this  cG  mid-titration  point  in  benzene- 
» propyl  alcohol  medium  and  the  pK0  value  in  water 
indicated  by  the  smooth  curve  given  in  Figure 


10,  which  is  constructed  by  plotting  these  values  for  typical 
acids  of  varying  strengths. 

As  the  medium  becomes  less  and  less  waterlike,  strong 
acids  tend  to  show  considerably  more  irregularity  than 
weak  acids  in  their  apparent  degrees  of  ionization.  An 
illustration  of  this  is  given  by  the  family  of  titration  curves 
in  Figure  11.  This  series  of  curves  was  prepared  by  titrat¬ 
ing  identical  mixtures  of  strong  acids  and  weak  acids  in 
media  of  successively  less  waterlike  properties.  Evidently 
there  is  a  large  regular  departure  in  the  position  of  the 
buffering  plateau  in  the  case  of  the  weak  acid  in  contrast 
to  an  irregular  change  in  that  of  the  strong  acid.  There 
appears  to  be  a  tendency  for  the  strong  acid  to  show  a  maxi¬ 
mum  degree  of  ionization  in  solvents  that  are  intermediate 
in  waterlike  or  nonaqueous  properties,  while  the  weak 
acid  shows  a  regular  trend  in  this  respect — that  is,  a  weak 
acid  shows  a  lower  degree  of  ionization  and  a  strong  acid 
shows  a  somewhat  higher  degree  of  ionization  in  benzene- 
isopropyl  alcohol  medium  than  in  water.  Practically,  this 
means  that  when  using  the  benzene-isopropyl  alcohol 
titration  solvent  there  is  a  better  chance  of  distinguishing 
between  acids  whose  pKa  (H20)  are  in  the  range  of  1  to  3. 
than  between  those  whose  pK„  (H>0)  range  from  6  to  8. 

Titration  Curves  for  Oxidized  Oils.  The  acidity  or  ba¬ 
sicity  present  in  oxidized  oils  is  by  no  means  necessar¬ 
ily  due  to  a  single  acid  or  base.  It  may  be  and  probably 
is  made  up  of  a  large  number  of  different  components, 
each  having  its  own  individual  degree  of  ionization.  As 
a  result,  in  contrast  to  the  clear  titration  curves  produced 
by  single  acids  or  bases  (Figures  8  and  9),  the  oxidized  oils 
yield  indefinite  titration  curves  of  the  type  illustrated  by 
curves  B  and  E  of  Figure  1  and  B  of  Figure  2.  In  most 
cases  there  is  an  inflection  on  the  curve  to  indicate  the  end 
point;  however,  in  some  instances,  the  titration  curves 
exhibit  no  recognizable  inflection.  In  such  cases,  in  order 
to  measure  the  changes  of  acidity  or  basicity  taking  place 
during  the  oxidation  of  the  oil,  it  is  necessary  to  establish 
definite  cG  reference  points  to  be  used  to  indicate  the  end 
point  of  the  titration  in  much  the  same  way  that  indicators  are 
used  for  this  purpose.  For  the  purposes  of  the  methods  pre¬ 
sented  in  this  paper,  the  points  cG  =  0.650  volt  for  total  acid 
and  cG  —  0.236  volt  for  total  base  were  chosen  to  represent  the 
end  point  indicating  the  transition  to  strong  base  and  strong 
acid,  respectively.  These  points  were  selected  because  for  all 
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Figure  10.  Relation  of  Acid  Strength  in  Water  to  Acid  Strength  in  Behzene- 
Isopropyl  Alcohol  Titration  Solvent 

1.  Hydrochloric  acid  6.  Acetic  acid 

2.  Trichloroacetic  acid  7.  Thiophenol 

3.  Dichloroacetic  acid  8.  p-Nitrophenol 

4.  Monochloroacetic  acid  9.  m-Nitrophenol 

5.  Formic  acid  10.  Phenol 

Based  on  titration  curves  shown  in  Figure  8 
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Figure  11.  Effects  of  Nonaqueous  Medium  Characteristics 
upon  Free  Acid  Titration  Curves 

Potentiomebic  libation  of  hydrochloric  and  acetic  acids  with  alcoholic 
potassium  hydroxide  in  the  following  media: 

A.  1 25  ml.  of  water  C.  1 25  ml.  of  methanol  (0.5%  water) 

B.  62  ml.  of  methanol,  62  ml.  D.  125  ml.  of  ethanol  (0.5%  water) 
of  water 

E.  125  m|.  of  isopropyl  alcohol  (0.5%)  water 

F.  62  ml.  of  benzene,  62  ml.  of  isopropyl  alcohol  containing  1%  water 
Tibation  cell.  Glass  electrode  ||  calomel  elecbode 


samples  that  give  good  inflections  in  the  titration 
curves,  the  inflections  occurred  at  or  near  these  points. 

The  point  cG  =  0.650  volt  is  also  near  the  point  at 
which  phenolphthalein  changes  color  in  isopropyl  « 
alcohol-benzene  solution.  ^ 

In  the  earlier  work  on  the  method,  end  points  were  e 

chosen  at  approximately  cG  =  0.620  volt;  however,  o 

in  an  effort  to  get  better  correlation  with  the  higher 
results  usually  obtained  by  the  available  colorimetric 
indicator  methods,  it  was  decided  to  fix  the  arbitrary  end 
point  at  cG  =  0.650  volt,  and  this  value  was  incorpo¬ 
rated  in  the  method.  Although  cG  =  0.650  volt  may 
generally  be  reached  by  proper  handling  of  the  apparatus 
and  use  of  a  correct  amount  of  sample,  a  value  of  cG  = 

0.620  volt,  or  even  cG  =  0.600  volt,  could  be  fixed  upon 
for  cooperative  work  if  desired.  Of  course,  if  a  definite 
“break”  of  more  than  0.025  volt  by  0.1  ml.  of  0.1  fV 
base  is  realized  in  this  range,  the  end  point  is  logically 
chosen  at  the  inflection  in  the  titration  curve.  Many 
attempts  were  made  to  choose  the  insignificant  break 
or  “dip”  occurring  between  cG  =  0.600  and  0.650 
volt,  which  is  often  found  with  oxidized  oils,  but  pre¬ 
cision  was  generally  poor  and  erratic  and  this  practice 
was  abandoned. 

Solvent  Action.  The  benzene-isopropyl  alcohol  titration 
solvent  is  a  very  good  solvent  for  practically  all  petro¬ 


leum  products.  It  dissolves  or  disperses  most  petroleum  prod 
ucts  to  form  a  solution  which  tolerates  several  milliliters  c 
water  without  forming  a  second  phase.  In  addition,  it  dissolve 
most  resins  and  organic  polymers,  alkali  soaps,  and  esters.  It  i 
not  a  good  solvent  for  inorganic  salts,  salts  of  low  molecular  weigh 
organic  acids,  or  organic  salts  of  heavy  metals;  such  salts  pn 
cipitate  in  a  more  or  less  flocculent  form.  This  is  a  decide 
disadvantage  where  more  than  one  acid  hydrogen  is  to  be  foun 
in  the  titrated  acid.  In  such  cases,  neutralization  of  the  fir: 
hydrogen  precipitates  the  acid  salt  from  solution,  and  successh 
hydrogens  must  be  neutralized  by  titrating  the  solid  phase  fir: 
precipitated,  converting  it  into  a  second  insoluble  phase.  Thf 
the  titration  of  polybasic  acids  is  not  very  satisfactory  is  show 
by  the  typical  titration  curves  given  in  Figure  12;  however,  ver 
few  such  acids  are  ordinarily  found  in  new  or  oxidized  petroleui 
products. 

Acidic  Characteristics  of  Metallic  Salts  in  the  Mediuv 
Metallic  salts,  although  for  the  most  part  insoluble  in  benzene 
isopropyl  alcohol,  react  more  or  less  readily  with  potassium  h; 
droxide  during  the  titration  of  free  acids,  or  during  the  sapon 
fication  of  combined  acids  and  bases,  to  form  the  respecth 
hydroxide,  and  they  generally  yield  reproducible  titration  curv< 
(see  Figure  13).  In  general,  since  the  salts  and  the  hydroxide 
of  the  metals  are  insoluble  in  the  medium,  the  reaction  of  tl 
salts  with  caustic  and  the  reaction  of  acid  with  the  hydroxid> 
formed  are  very  slow  and  give  rise  to  slow  equilibration  of  tl 
electrode  potentials  and  erratic  points  on  the  titration  curv 
The  erratic  potential  readings  are  obtained  because  the  potentia 
change  by  a  very  large  amount  as  a  result  of  the  momentary  e 


Figure  12.  Titration  of  Polybasic  Acids 

Potentiometric  titration  of  polybasic  acids  with  alcoholic  potassium  hydroxide: 

A.  2.0  ml.  of  0.1907  N  aqueous  phosphoric  acid.  Theoretical  total  titration,  3.29 

B.  0.055  gram  of  succinic  acid.  Theoretical  total  titration,  8.20  ml. 

C.  0.054  gram  of  maleic  acid.  Theoretical  total  tibation,  8.20  ml. 

D.  0.094  gram  of  sebacic  acid.  Theoretical  total  titration,  8.1  5  ml. 

E.  0.077  gram  of  o-phthalic  acid.  Theoretical  total  titration,  8.1  5  ml. 

Titration  cell.  Glass  elecbode  ||  calomel  elecbode  . 

Tibation  solvent.  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol  containing  1  %  water 
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ML.  0.1000  N  ALCOHOLIC  KOH  OR  HCI 


Figure  1  3.  Titration  of  Metallic  Salts 

stentiometric  titration  with  alcoholic  potassium  hydroxide: 

4.  0.1172  gram  of  copper  palmitate  C.  0.1170  gram  of  zinc  soap 

B.  0.0276  gram  of  lithium  chloride 
atentiometric  titration  with  alcoholic  hydrochloric  acid: 

D.  0.10  gram  of  calcium  soap,  saponified  with  40  ml.  of  0.2  N  alcoholic  potassium 
hydroxide  (combined  acid-base  procedure).  E.  0.1000  gram  of  zinc  soap 
tration  cell.  Glass  electrode  ||  calomel  electrode 

tration  solvent.  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol  containing  1  %  water 


APPARATUS 

Although  most  glass  electrode  and  meter  assemblies 
intended  for  pH  determination  function  satisfactorily  in 
an  aqueous  medium,  many  are  not  directly  applicable  for 
similar  measurements  in  a  nonaqueous  medium.  Although 
not  all  the  exact  specification  limits  have  been  established, 
satisfactory  results  are  obtainable  by  the  proposed  method 
when  the  electrodes  and  meter  possess  certain  essential 
characteristics  which  are  noted  below. 

Electrodes.  Selection  of  Electrode  System.  Most 
of  the  electrodes  suggested  in  the  literature  were  experi¬ 
mentally  evaluated  for  the  measurement  of  hydrogen-ion 
activity  and  for  use  as  reference  electrodes.  The  princi¬ 
pal  electrodes  tried  are  listed  above;  their,  faults  were 
verified  by  experiment. 

A  considerable  number  of  reference  electrodes  were  tried, 
most  of  them  differing  only  in  the  type  of  salt  bridge.  Many 
variations  of  the  salt  bridge  were  applied,  including  the  use 
of  various  organic  electrolyte  media.  The  best  all-around 
reference  electrode  was  found  to  be  a  saturated  calomel 
(aqueous)  half-cell  with  a  ground-glass  contact.  Of  several 
reference  electrodes  tried,  the  only  one  that  gave  suitable 
service  was  the  Beckman  No.  4970A  calomel  electrode  hav¬ 
ing  a  ground-glass  sleeve.  This  is  a  pencil-type  electrode 
having  a  permanent  inner  cell  surrounded  by  potassium 
chloride  solution.  Contact  between  the  electrolyte  solution 
and  titration  medium  is  made  by  a  removable  ground-glass 
sleeve. 

The  only  electrodes  which  were  found  suitable  for  use 
as  hydrogen-ion  indicating  electrodes  in  nonaqueous  media 
were  the  thin  (low-resistance)  glass  electrode  and  the  modern 
sturdy  (high-resistance)  glass  electrode;  the  former  was 
discarded  because  of  its  extreme  fragility.  All-glass  elec¬ 
trodes  of  the  sturdy  type  available  from  American  manu¬ 
facturers  were  tested  for  use  in  the  benzene-isopropyl  al¬ 
cohol  titration  solvent.  The  only  ones  found  suitable  were 
the  Beckman  No.  4990  and  No.  4990E  electrodes.  All 
others  (including  the  Beckman  No.  4990X  electrode)  failed 
in  some  respect  to  give  satisfactory  results  or  service.  The 
No.  4990  electrode  is  12.5  cm.  (5  inches)  long  with  a  diam¬ 
eter  of  1.445  cm.  (0.578  inch)  and  a  bulb  of  Corning  015 


ss  produced  by  each  incre- 
;nt  of  titrant,  and  then  fade 
wly  back  to  the  normal  po- 
ltial  as  the  excess  is  slowly 
luced  by  the  reaction.  This 
havior  not  only  causes 
or  in  estimation  of  the 
e  or  combined  organic 
ds,  but  also  prolongs  the 
ration  to  an  impractical 
int. 

In  an  attempt  to  overcome 
s  metal  salt  interference, 
liiun  oxalate  was  added 
the  medium  before  the 
ration,  in  the  hope  that 
s  sodium  oxalate  would 
■cipitate  the  heavy  metals 
oxalates,  leaving  the  non- 
cting  sodium  salts  in  their 
ce.  However,  use  of  the 
ilate  did  not  reduce  the 
erference  by  the  metal 
ts  and  in  some  cases  a 
isiderably  greater  error 
ulted  from  its  use.  No 
empt  was  made  to  find 
nore  suitable  anion  than 
■  oxalate  ion. 
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Figure  14.  Effect  of  Improper  Maintenance  of  Electrodes  upon  Free  Acid-Base  Titration  Curves 

4.  Titration  (or  free  acid  in  blank.  Electrodes  carefully  prepared  according  to  directions  given  in  method 

B.  Titration  for  free  acid  in  4.99  grams  of  A.S.T.M.  cooperative  test  sample  N-8.  Electrodes  properly  prepared  according  to 
method 

C.  Titration  for  free  base  in  5.06  grams  of  A.S.T.M.  cooperative  test  sample  N-4.  Electrodes  properly  prepared  according  to 
method 

D.  Titration  for  free  acid  in  blank.  Electrodes  treated  in  recommended  manner  after  making  titration  C,  but  not  allowed  to  soak 
2  minutes  in  distilled  water  before  titrating 

E.  Titration  for  free  acid  in  5.00  grams  of  A.S.T.M.  cooperative  test  sample  N-8.  Electrodes  treated  in  recommended  manner, 
but  not  allowed  to  soak  2  minutes  in  distilled  water  before  titrating 

F.  Titration  for  free  base  in  5.04  grams  of  A.S.T.M.  sample  N-4.  Electrodes  treated  in  recommended  manner,  but  not  allowed 
to  soak  2  minutes  in  distilled  water  before  titrating 

Titration  cell.  Glass  electrode  ||  calomel  electrode 

Titration  solvent  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol  containing  1  %  water 
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Figure  15.  Effect  of  Improper  Maintenance  of  Electrodes  upon  Free 
Acid-Base  Titration  Curves 

A.  Titration  ol  free  acid  in  blank.  Electrodes,  following  nonaqueous  titration,  washed 
down  with  benzene-isopropyl  alcohol  only,  calomel  electrode  sleeve  not  removed 
before  titrating 

B.  Titration  of  free  acid  in  5.05  grams  of  A.S.T.M.  cooperative  test  sample  N-7.  Elec¬ 
trodes  prepared  as  in  A 

C.  Titration  of  free  acid  in  blank.  Electrodes,  following  nonaqueous  titration,  washed 
down  with  benzene-isopropyl  alcohol  only,  and  wiped  dry.  Sleeve  of  calomel 
electrode  removed,  wiped  dry,  and  replaced  in  recommended  manner 

D.  Titration  of  free  acid  in  5.02  grams  of  A.S.T.M.  cooperative  test  sample  N-5.  Elec¬ 
trodes  prepared  as  in  C 

E.  Titration  of  free  acid  in  blank.  Electrodes,  following  nonaqueous  titration,  rinsed 
with  isopropyl  alcohol-benzene,  then  with  water.  Immersed  in  water,  for  0.5  minute, 
then  dried.  Calomel  electrode  sleeve  not  removed  prior  to  titration 

F.  Titration  of  free  acid  in  5.00  grams  of  A.S.T.M.  cooperative  test  sample  N-5.  Elec¬ 
trodes  prepared  as  in  £ 

Titration  cell.  Glass  electrode  ||  calomel  electrode 

Titration  solvent.  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol  containing  1%  water 


glass ;  it  has  a  resistance  of  200  to  300  megohms  at  room  tem¬ 
perature.  This  type  of  electrode  has  been  used  with  good  suc¬ 
cess  in  the  analysis  of  over  5000  samples  of  oxidized  oils  over  3 
years.  The  No.  4990E  electrode,  which  is  especially  designed  for 
use  in  the  high  pH  range,  has  given  satisfactory  service  for 
several  months;  however,  it  has  not  been  tested  to  the  extent 
that  the  No.  4990  electrode  has. 

Although  the  thin,  low-resistance  glass  electrodes  that  do  not 
require  electrical  shielding  function  reasonably  well,  they  do  not 
have  the  chemical  or  physical  durability  required  for  continued 
use  in  nonaqueous  media. 

The  expected  life  of  the  electrodes  is  3  months  or  more  of  con¬ 
tinuous  use  8  hours  per  day  in  nonaqueous  media.  The  period  of 
satisfactory  performance  is  considerably  prolonged  by  keeping 
the  electrodes  immersed  in  distilled  water  between  titrations. 
Thus,  upon  completion  of  a  titration  it  is  desirable  to  remove 
the  nonaqueous  titrated  solution  and  replace  it  with  water. 


Preparation  and  Testing  of  Electrode  System.  Con¬ 
sistently  reproducible  results  may  be  obtained  by  different 
operators,  provided  they  are  trained  to  prepare  the  electrodes 
properly  for  use  prior  to  each  determination.  Improper  prepara¬ 
tion  of  the  electrode  system  has  generally  shown  the  following 
manifestations  in  the  blank  titration  on  the  titration  solvent: 
(1)  production  of  a  titration  curve  that  fails  to  exceed  cG  = 
0.700  volt  upon  addition  of  0.5  to  1.0  ml.  of  standard  base,  (2) 
extremely  slow  rate  of  equilibration  between  increments  of  base, 
(3)  little  or  no  change  in  potentials  with  the  initial  increments  of 
base,  and  (4)  tendency  for  the  titration  curve  to  begin  at  too 
high  cG  potentials.  In  addition,  improper  electrode  preparation 
is  indicated  during  the  titration  of  a  sample  whenever  the  initial 
increments  of  base  cause  the  cG  potentials  to  decrease  instead 
of  increase.  Although  the  glass  electrode  may  be  partially  at 
fault,  this  improper  performance  is  usually  caused  by  the  condi¬ 
tion  of  the  interface  between  the  salt  solution  in  the  calomel  elec¬ 
trode  and  the  titration  solvent. 


A  defective  or  faulty  glass  electrode  is  indicated  whe 
the  electrode  system  gives  lower  than  normal  potentials  i 
aqueous  solutions  at  pH  11  to  12  and  when  the  replace 
ment  of  the  glass  electrode  with  a  new  one  increases  th 
maximum  cG  potential  attainable  in  the  blank  and  o 
increases  the  rate  of  equilibration  between  increment 
of  base.  Such  a  defective  condition  is  not  generall 
detectable  by  visual  examination.  The  reference  elec 
trode  is  rarely  defective  when  new;  it  is  more  likel 
that  it  is  apparently  defective  because  of  improper  prep: 
ration  for  use  or  an  unsuccessful  attempt  to  repair  c 
replace  a  broken  part,  such  as  a  sleeve. 

The  following  preparatory  steps  must  be  taken  pric 
to  each  titration  to  secure  proper  performance  in  noi 
aqueous  titration. 

1.  Rinse  the  electrodes  with  benzene-isopropyl  aleoh 
titration  solvent,  then  with  water,  and  wipe  thorough 
with  a  clean  cloth.  Remove  the  ground-glass  sleeve  fro 
the  calomel  electrode  and  wipe  both  ground  surfaces  of  tl 
sleeve  with  a  clean  cloth.  Replace  the  sleeve  and  alio 
potassium  chloride  electrolyte  to  fill  the  ground  area. 

If  this  treatment  does  not  leave  the  electrodes  thorough 
clean,  immerse  them  in  chromic  acid  cleaning  solution  f 
several  minutes,  rinse  them  thoroughly  with  distill 
water,  and  allow  them  to  stand  in  distilled  water  f 
several  hours.  If  required,  use  cleaning  solution  to  cle: 
the  ground  surfaces.  Whenever  cleaning  solution  is  us> 
to  clean  the  calomel  electrode,  drain  the  remaining  ele 
trolyte  from  the  electrode  and  replace  with  fresh  ele 
trolyte  solution. 

2.  Immerse  both  (clean)  electrodes  in  distilled  wat 
for  at  least  2  minutes,  remove  from  the  water,  and  wi 
with  a  clean  cloth  as  before.  Again  remove  the  slee 
from  the  calomel  electrode,  dry  each  ground  surface  wi 
a  clean  cloth,  and  replace  the  sleeve  in  such  a  manner  th 
the  ground  surfaces  are  completely  and  copiously  wett 
with  electrolyte  solution.  Be  certain  to  leave  a  ring 
electrolyte  solution  in  the  capillary  space  above  and  belt 
the  sleeve,  so  that  good  electrical  contact  is  established 
the  electrolyte-titration  solvent  interface. 

3.  At  all  times,  maintain  the  level  of  the  electrolyte  soluti 
in  the  calomel  electrode  above  the  point  to  which  the  electro 
is  immersed  in  the  titration  solvent  or  other  medium. 

4.  Immerse  the  electrodes  in  the  solution  to  be  titrated  a 
proceed  with  the  titration. 

To  test  a  new  set  of  electrodes,  or  an  old  set  suspected  of  c 
terioration,  make  a  blank  titration  of  the  benzene-isopro; 
alcohol  titration  solvent  as  directed  ( 1 ).  Record  the  time 
quired  for  equilibration  after  each  increment  as  well  as  the  fii 
potential  produced.  Continue  the  titration,  using  O.Oo-i 
increments,  until  the  potential  reaches  its  maximum  vali 
When  the  electrode  system  is  in  good  order  and  properly  p 
pared,  this  test  should  yield  a  maximum  potential  on  the  bla 
titration  curve  of  cG  =  0.7  to  0.8  volt  and  the  average  equilib: 
tion  time  to  produce  an  unchanging  potential  should  be  less  th 
5  minutes,  per  0.05-ml.  increment  of  base  added. 

In  order  to  demonstrate  further  the  importance  of  the  prepai 
tory  steps  in  securing  satisfactory  performance  of  the  electrode  s; 
tern,  experimental  titrations  were  made  after  omitting  the  ess: 
tial  preparatory  steps  one  at  a  time.  The  conditions  of  the  te  • 
and  the  resulting  titration  curves  are  given  in  Figures  14  and 
For  comparison,  some  actual  titration  curves  obtained  by  typl 
inexperienced  operators  are  given  in  Figure  16. 

These  tests  clearly  indicate  the  importance  of  removing  t- 
sleeve  from  the  calomel  electrode  and  immersing  both  electroi  t 
in  water  prior  to  every  titration  in  benzene-isopropyl  alcoil 
titration  solvent.  The  elimination  of  these  steps  causes  seric  * 
distortion  of  the  titration  curve.  Apparently  a  water  film  :• 
heres  to  the  surface  of  the  glass  electrode  for  the  duration  of  1 ; 
titration  and  as  long  as  this  film  is  unbroken  it  provides  1: 
necessary  conditions  for  equilibrium.  Prolonged  contact  w  > 
the  nonaqueous  solvent  (more  than  90  minutes)  tends  to  - 
activate  the  electrode  system,  possibly  by  removing  the  wa  f 
at  points  of  contact.  However,  this  does  no  permanent  ha  i 
because  contact  with  water  during  the  preparation  for  the  n<  t 
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'itration  restores  the  activity.  The  contact  with  water  also  re- 
noves  any  caustic  film  remaining  on  the  electrodes  from  a  pre- 
'ious  determination. 

Effects  of  Continued  Use  on  Characteristics  of  Electrode  System. 
Vith  continued  use  in  nonaqueous  solutions,  the  characteristics 
<f  the  glass  electrodes  change  in  such  a  manner  that  the 
aaximum  potential,  which  can  be  obtained  in  the  presence 
f  excess  base,  steadily  drops.  Thus,  after  6  months’  continued 
.se,  the  maximum  potential  obtainable  may  be  only  equivalent 
o  a  calculated  cG  value  of  0.600  volt.  This  electrode  deteriora- 
ion  is  in  accord  'with  the  corroborating  evidence  found  by  others 
10).  The  continued  use  of  glass  electrodes  in  a  nonaqueous 
itration  solvent  alters  their  characteristics  in  two  ways:  They 
end  to  exhibit  a  gradually  increasing  reluctance  to  follow 
hanges  in  hydrogen-ion  activity  in  a  normal  way,  and  they  be- 
ome  less  and  less  accurate  in  measuring  the  hydrogen-ion 
ctivity. 

When  a  new  glass  electrode  is  put  into  use,  it  equilibrates  very 
iipidly  for  the  first  few  weeks,  and  then  less  and  less  rapidly. 
Eventually  it  becomes  so  slow  as  to  be  unsatisfactory  for  non- 
queous  titrations  and  must  be  discarded.  Thus  it  is  desirable 
p  have  a  test  of  equilibrium  rate  for  electrodes  which  will  indicate 
heir  usefulness.  Such  a  test  is  included  in  the  performance  test 
f  electrodes  in  the  procedures  for  free  and  combined  acid  and 
|ase  (1,  2). 

All  glass  electrodes  show  a  certain  amount  of  error  in  measuring 
fie  pH  of  aqueous  solutions  or  the  cG  of  nonaqueous  solutions, 
specially  in  alkaline  solutions.  This  error  is  gradually  increased 
jy  continued  use  in  nonaqueous  medium  until  the  electrodes  be- 
ome  impractical  for  further  use  (Table  XI).  It  is  because  of 
ach  errors  in  measurements  by  the  glass  electrode  that  no  two 
(ectrode  systems  will  give  identical  cG  readings  for  a  given  solu- 
on  of  partially  neutralized  acids  or  bases  in  nonaqueous  solu- 
.on.  Thus,  some  means  must  be  used  to  apply  a  correction  to  the 
lectrodes  in  order  to  determine  accurately  the  important  refer- 
nce  potentials,  cG  =  0.236  and  0.650  volt.  This  correction 
■  determined  by  testing  with  standard  nonaqueous  buffers  (?) 
hose  cG  readings  on  the  basis  of  tests  with  ideal  electrodes  are 
ssumed  to  be  standard  for  cG  =  0.236  and  0.650  volt.  When 
pe  errors  become  so  great  that  the  electrodes  will  not  reach  the 
alculated  value  for  cG  =  0.650  volt  in  the  presence  of  a  slight 
xcess  of  strong  base,  they  must  be  discarded;  in  fact,  for  best 
esults  the  electrodes  should  be  discarded  if  they  will  not  give  a 
igher  reading  than  cG  =  0.700  volt. 

The  continued  use  of  the  calomel  electrode  in  nonaqueous 


Table  XI.  Comparison  of  New  and  Used  Glass  Electrodes 

(Calomel  electrode  used  as  reference) 


New 

Average 

Borderline 

Unsatis¬ 

factory 

Glass 

Glass 

Glass 

Glass 

Test 

Electrode 

Electrode 

Electrode 

Electrode 

pH  reading  in  pH  4.00 
buffer 

4.00 

4.00 

4.00 

4.00 

pH  reading  in  pH 
7.00  buffer 

7.02 

7.03 

7 . 05 

7.05 

pH  reading  in  pH 
10.00  buffer 

9.95 

9.79 

9.28 

8.83 

pH  reading  in  pH 
11.00  buffer 

10.76 

10.53 

10.03 

9.37 

Maximum  cG  reading 
reached  in  free  acid 
number  blank,  volt 

0.796 

0.742 

.0.720 

0.692 

Time  required  to  at¬ 
tain  maximum  po¬ 
tential  when  im¬ 
mersed  in  benzene- 
isopropyl  alcohol 
containing  excess 
caustic,  min. 

1  .  J 

g,  2.5 

15 

cG  reading  in  cG  = 
0.650  volt  non¬ 
aqueous  buffer 

solution,  volt 

0.649 

0.629 

0.617 

0.608 

solutions  has  no  apparent  effect  upon  its  useful  characteristics. 
If  proper  care  is  exercised  in  its  preparation  and  maintenance, 
it  should  last  indefinitely. 

Titration  Meter.  Several  commercial  electronic  voltmeters 
were  tested  for  applicability  to  the  measurement  of  the  voltages 
between  the  glass-calomel  electrodes  in  the  isopropyl  alcohol- 
benzene  medium. 

The  most  satisfactory  meters  were  the  Beckman  Model  M  (or 
Model  O)  pH  meters  manufactured  by  the  National  Technical 
Laboratories,  the  electronic  voltmeter  of  equivalent  character¬ 
istics  (26),  and  the  dual  alternating  current  titrometer  described 
by  Penther  and  Rolfson  (25).  Except  for  the  Beckman  meters 
and  electrodes,  none  of  the  commercial  apparatus  tested  was 
applicable  wdthout  modification  to  titrations  in  the  benzene- 
isopropyl  alcohol  titration  solvent,  although  all  were  applicable 
to  titrations  in  an  aqueous  medium.  In  some  cases,  substitution 
of  the  Beckman  calomel  electrode  for  the  reference  electrode, 
furnished  by  the  manufacturer,  converted  an  unsatisfactory 
apparatus  to  an  apparatus  useful  for  titration  in  nonaqueous 
media. 

In  general  terms,  a  suitable  meter  should  meet  the  following 
specifications: 

The  meter  must  be  a  voltmeter  or  potentiometer  that  will 
operate  with  an  accuracy  of  ±0.005  volt  and  a  sensitivity  of 
±0.002  volt,  over  a  range  of  at  least  ±0.5  volt,  wrhen  used  with 

an  electrode  system  having  500 
megohms’  resistance  and  when 
the  resistance  between  the  elec¬ 
trodes  falls  within  the  range  of 
0.2  to  20  megohms.  The  me¬ 
ter  must  be  protected  from 
stray  electrostatic  fields,  so  that 
when  it  is  connected  to  the 
electrode  system  no  permanent 
change  in  meter  readings,  over 
the  entire  range,  is  produced 
by  touching  wdth  a  grounded 
lead  any  part  of  the  exposed 
surface  of  the  glass  electrode, 
the  glass  electrode  lead,  the 
titration  stand,  or  the  meter. 
A  satisfactory  meter  should  be 
designed  to  operate  on  an  in¬ 
put  of  less  than  5  X  10-12  am¬ 
pere  when  an  electrode  system 
of  1000  megohms’  resistance 
is  connected  to  the  terminals 
and  should  be  provided  with 
a  satisfactory  terminal  (26)  to 
connect  the  shielded  connec¬ 
tion  wire  from  the  glass  elec¬ 
trode  to  the  meter  wdthout 
interference  from  the  presence 
of  external  electrostatic  fields. 


Figure  16.  Free  Acid-Base  Titration  Curves  Obtained  by  Typical  Inexperienced  Operator 

Potentiometric  determinations  of  free  acid  by  titration  with  alcoholic  potassium  hydroxide: 

A.  Blank 

B.  10  grams  of  A.S.T.M.  cooperative  sample  N-5 

C.  10  grams  of  A.S.T.M.  cooperative  sample  N-7 

D.  10  grams  of  A.S.T.M.  cooperative  sample  N-8 

Potentiometric  determination  of  free  base  by  titration  with  alcoholic  hydrochloric  acid 

E.  10  grams  of  A.S.T.M.  cooperative  sample  N-4 
Titration  cell.  Glass  electrode  ||  calomel  electrode 

Titration  solvent.  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol  containing  1  %  water 
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Titration  Stand.  For  most  effective  application  of 
the  methods  given  in  this  paper,  it  is  necessary  to  have 
some  convenient  manner  of  mounting  the  electrodes,  stirrer, 
burets,  and  titration  beakers  in  a  compact  unit,  so  that 
cleaning,  adjusting,  and  replacing  solutions  can  be  done  with 
a  minimum  of  effort  and  the  titrations  can  be  made  con¬ 
veniently  and  rapidly.  A  stand  ( 1 ,  2)  was  developed  espe¬ 
cially  for  this  application  and  has  been  found  very  efficient. 
It  is  now  available  from  a  commercial  supply  house. 

Saponification  Apparatus.  The  greater  part  of  the  in¬ 
vestigation  of  the  combined  acid-base  determination  was 
done  using  the  conventional  type  of  reflux  apparatus  with 
Erlenmeyer  flask  and  Allihn  condenser.  When  the  proper¬ 
ties  of  the  solvent  became  better  understood  and  the  single 
titration  procedure  became  possible,  a  special  saponifica¬ 
tion  reflux  apparatus  was  devised  for  carrying  out  the 
saponification  directly  in  the  titration  beaker  (2) ;  this  ap¬ 
paratus  was  constructed  by  fitting  the  titration  beaker 
with  an  immersion-type  condenser. 


Figure  17.  Influence  of  Sample  Size  upon  Determination  of  Free  Acic 


Discussion 

During  this  investigation  many  attempts  were  made  to  ap¬ 
ply  indicator  methods  to  the  determination  of  acidity  in  dark 
petroleum  products  for  the  very  practical  reasons  of  economy  in 
time  and  equipment.  All  indicators  and  mixed  indicators 
recommended  in  the  available  literature  were  tested,  but  were 
rejected,  because  the  color  change  could  not  be  seen  in  dark 
samples,  took  place  too  early  or  too  late  as  compared  with 
potentiometric  titration  results,  or  was  gradual  or  indistinct. 
Spotlights,  ultraviolet  lights  to  induce  fluorescence,  white  porce¬ 
lain  spatulas  pressed  against  the  sides  of  the  titration  flask,  and 
tilting  the  flask  were  tried  to  obtain  better  observation  of  the 
end  point,  but  without  success. 

No  usable  relationship  has  been  found  between  acid  numbers 
of  dark  oils  obtained  by  the  potentiometric  method,  and  those 
obtained  by  the  usual  colorimetric  methods.  This  is  illustrated 
in  Table  XII,  which  shows  the  acid  numbers  obtained  for  several 
typical  series  of  oxidized  oils  chosen  at  random  from  the  results 
of  a  large  number  of  oil  oxidation  tests.  For  combined  acid 
(saponification)  number,  the  agreement  between  the  results  of 
colorimetric  and  potentiometric  methods  is  somewhat  better 
(Table  XIII). 

Early  in  the  development  of  the  methods  for  free  acid  and  free 


Potentiometric  titration  of  following  amounts  of  oxidized  oil  with  alcoholic  potassiun 
hydroxide:  A  0.00,  B  2.00,  C  4.1 0,  D  6.1 1 ,  E  8.1 8  grams 
Titration  cell.  Class  electrode  ||  calomel  electrode 

Titration  solvent.  50  ml.  of  benzene,  50  ml.  of  isopropyl  alcohol  containing  1  %  water 


In  order  to  determine  the  extent  of  the  errors  due  to  tb 
presence  of  easily  saponifiable  material,  a  standard  solution  ( 
oxidized  oil  and  castor  oil  in  benzene-isopropyl  alcohol  titratio 
solvent  was  employed.  This  was  prepared  so  that  100  ml.  ( 
solution  contained  5  grams  of  oxidized  oil  and  3  grams  of  caste 
oil.  Portions  (100  ml.)  of  this  solution  were  titrated  to  successive! 
higher  e.m.f.  values  with  alkali,  and  were  immediately  bad 
titrated  with  alcoholic  hydrochloric  acid  to  see  if  the  curve 
would  retrace  themselves — i.e.,  to  determine  whether  or  n< 
saponification  had  taken  place.  It  was  found  that  the  bad 
titration  with  acid  retraces  the  base  titration  curve  within  tl 
practical  limits  of  experimental  error  when  the  titration 
stopped  at  any  point  below  cG  =  0.650  volt.  If  the  titration 
stopped  at  cG  =  0.709  volt,  a  small  amount  of  saponificatic 
takes  place.  Thus,  if  the  end  point  in  the  free  acid-titratic 
occurs  near  cG  =  0.650  volt,  it  can  be  safely  assumed  that  r 
saponification  has  taken  place  unless  the  sample  contains  este 
more  readily  saponified  than  castor  oil.  If  the  end  point  occu 
above  cG  =  0.700  volt,  further  evidence  that  some  saponificatic 
has  not  occurred  is  necessary. 

The  optimum  sample  size  has  been  found  by  experience  fro: 
the  results  obtained  in  a  great  number  of  analyses.  The  ma: 
factors  governing  the  choice  of  sample  size  were  found  to  be: 


base,  it  became  apparent  that  the  slow  addition  of  titrant  could 
cause  a  gradual  saponification  of  easily  saponified  materials  during 
the  titration. 


Table 

XII.  Comparison  of  Free  Acid  Numbers  Obtained  for  Dark  Oils  by 

Colorimetric  and  Potentiometric  Methods 

Oxida¬ 

Time 

Acid  No. 

Oxida¬ 

Time 

Acid  No. 

tion 

of 

Potentio¬ 

Colori¬ 

tion 

of 

Potentio¬ 

Colori¬ 

Test 

Oxida¬ 

metric 

metric 

Test 

Oxida¬ 

metric 

metric 

No. 

tion 

method® 

method  5 

No. 

tion 

method0 

method  & 

Hours 

Mg.  KOH/g. 

Hours 

1 

0 

1.19 

Test  fails11 

5 

8 

1.4 

0.6 

8 

1.97 

0.04 

16 

1.0 

0.7 

16 

2.31 

0.80 

24 

2.3 

0.7 

24 

2.79 

0.90 

36 

3.1 

0.7 

36 

3.00 

1.00 

6 

8 

0.6 

0.2 

2 

8 

9.5 

6.6 

16 

1.4 

0.4 

16 

9.2 

4.7 

24 

1.8 

0.6 

24 

7.1 

4.1 

36 

2.2 

0.9 

36 

5.2 

3.2 

7 

8 

2.7 

0.8 

3 

8 

1.1 

0.5 

16 

4.5 

1.6 

16 

1.2 

0.5 

24 

4.9 

1.5 

24 

2.4 

0.5 

36 

5.5 

1.5 

36 

2.2 

0.5 

8 

8 

2.7 

0.8 

4 

8 

6.9 

4.3 

16 

4.1 

0.5 

16 

11.6 

6.9 

24 

4.5 

0.9 

24 

15.4 

7.2 

36 

5.1 

2.0 

36 

20.1 

8.0 

1.  Amount  of  precipitated  salts  formed  during  titratio 
This  factor  applies  to  free  acid  and  free  base  determinations  onl 
since  the  amount  of  caustic  added  in  the  saponification  procedu 
control  the  amount  of  salts  formed  during  the  1 
=  tration  in  the  case  of  combined  acid-base  determin 
tions.  When  too  much  of  the  flocculent  precipita 
of  salts  is  formed  in  the  titration  vessel,  it  interfer 
by  occluding  some  sample.  When  this  happens,  tl 
equilibration  is  slow  and  the  titration  curve  is  a 
normal,  both  conditions  producing  considerable  erroi 
2.  Characteristics  of  the  break.  The  sharpne 
of  the  breaks  in  the  titration  curves  for  oxidized  oi 
depends  to  a  considerable  extent  upon  magnitude 
the  titration  and,  for  that  reason,  on  the  size  of  sar 
pie  used.  Examples  of  this  dependence  are  shown  f 
free  acid  determinations  in  Figure  17,  and  for  cor 
bined  acid-base  determinations  in  Figure  18. 

While  the  variation  in  the  characteristics  of  tl 
samples  to  which  these  methods  are  applicable  is 
great  that  general  rules  for  sampling  are  almost  ii 
possible  to  formulate,  the  limits  given  in  the  met 
ods  ( 1 ,  2)  are  known  to  have  given  good  results  wi 
the  majority  of  the  samples  to  which  they  have  bei 


°  Designated  A. S.T.M.  D664-42T. 

&  Designated  A. S.T.M.  D663-42T. 
e  Test  fails  owing  to  inherent  color  of  sample. 


applied. 

The  potentiometric  method  has  generally  been  a 
cepted  without  much  comment  in  those  cases  where  tl 
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Table  XIII.  Comparison  of  Combined  Acid  (Saponification) 
'lumbers  Obtained  for  Dark  Oils  by  Colorimetric  and  Potentio- 
metric  Methods 

Saponification  Number  or  Combined  Acidity 


Sample0 

A.S.T.M. 

D94-39T 

colori¬ 

metric 

A.S.T.M. 

D94-41T 

colori¬ 

metric 

Total 

combined 

acidity, 

potentio¬ 

metric 

Strong 

combined 

acidity, 

potenti¬ 

ometric 

1 

3.5 

Mg.  of  KOH  per  gram 

4.5  3.4 

0.2 

2 

30.6 

30.7 

30.9 

0.7 

3 

1.2 

1.7 

1.6 

0.6 

4 

3.6 

4.6 

4.5 

0.3 

5 

40.2 

30.7 

28.5 

0.5 

6 

1.0 

1.6 

0.9 

0.3 

7 

3.4 

4.2 

4.2 

0.2 

8 

28.8 

30.1 

28.5 

0.3 

9 

2.5 

4.8 

3.6 

0.5 

10 

4.9 

7.8 

7.8 

0.6 

11 

25.2 

27.1 

27.6 

21.3 

12 

31.4 

33.1 

35.2 

24.7 

Jegras  oil 

117.3 

121.8 

132.0 

10.1 

Sperm  oil 

135.6 

138.6 

139.5 

0.6 

Sulfurized 

167.7 

161.6 

163.4 

26.4 

°  Samples  1  to  12  are  oxidized  oil  samples. 


itration  curves  show  definite  inflection  points  or  breaks.  The 
potential  difference  between  the  electrodes  at  the  inflection  point 
if  a  given  sample  varies  from  one  electrode  system  to  another  and 
especially  from  one  laboratory  to  another.  While  this  variation  has 
10  appreciable  influence  when  definite  inflections  are  found,  it  is 
significant  when  the  titration  curves  show  no  definite  inflection 
loints  and  the  results  are  calculated  from  the  volumes  of  base 
ir  acid  required  to  produce  a  standard  cG  potential.  Therefore, 
|.n  the  absence  of  definite  breaks  (less  than  0.025-volt  change 
her  0.10  ml.  of  0.1  N  base)  the  titration  is  made  to  the  potential 
bund  to  be  equivalent  to  the  standard  cG  =  0.650  volt,  or  cG  = 
3-236  volt,  by  a  test  such  as  that  suggested. 

Even  under  good  equilibrium  conditions,  titrations  of  some 
oxidized  or  used  lubricating  oils  give  curves  that  fail  to  reach  the 
Pff  value  expected  for  the  given  amount  of  base  added.  This 
.owering  or  flattening  of  the  upper  part  of  the  titration  curve 
is  probably  caused  by  the  presence  of  certain  materials  having 
acidic  characteristics  that  buffer  the  cG  value  in  much  the  same 
tvay  that  certain  phenols  lower  the  pH  of  a  dilute  aqueous  solu¬ 
tion  of  a  strong  base.  Except  in  the  case  of  oils  containing  com¬ 
plex  metallic  salts  or  dopes,  the  lowering  or  flattening  of  the  titra¬ 
tion  curve  is  probably  not  due  to  the  consumption  of  the  base 
by  the  acid  complexes  in  a  saponification  or  hydrolysis  reaction. 
Furthermore,  the  abnormal  lowering  of  the  curve  probably  is  not 
caused  by  reaction  of  the  base 
svith  nonacid  constituents-  of 
the  sludge. 

In  general,  inspection  of  the 
titration  curves  submitted  by 
various  laboratories  using  the 
potentiometric  method  in¬ 
dicates  that,  in  many  instances, 
too  large  increments  of  stand- 
ird  base  were  used  and  a  suf¬ 
ficient  length  of  time  was  not 
illowed  for  equilibrium  be¬ 
tween  the  increments.  Rea¬ 
sonably  satisfactory  results 
have  been  achieved  by  using  a 
short,  constant  equilibration 
period  (0.5  to  1  minute)  when 
small,  constant  increments 
(0.05  to  0.10  ml.  of  0.1  N)  of 
base  are  added,  but  erratic  high 
results  are  obtained  when  large 
ncrements  of  variable  size 
(more  than  0.1  ml.  of  0.1  N) 
are  used  with  short,  constant 
equilibration  periods.  If  in¬ 


crements  of  variable  size  are  used,  as  during  a  prolonged  titra¬ 
tion,  more  satisfactory  results  are  obtained  by  allowing  the 
electrode  system  to  come  to  equilibrium  after  adding  each  in¬ 
crement.  These  considerations  are  especially  important  in  the 
region  of  the  end  point.  False  breaks  are  sometimes  mani¬ 
fested  when  a  series  of  large  increments  is  followed  by  several 
small  increments  and  insufficient  time  is  allowed  for  equilibrium. 

The  methods  for  free  and  combined  acids  and  bases  given  in 
this  paper  have  been  applied  to  the  analysis  of  over  5000  samples. 
They  have  been  found  extremely  valuable  in  studies  of  the 
oxidation  of  petroleum  products,  and  in  the  evaluation  of  a  great 
number  of  materials.  More  recently,  the  methods  have  been 
adapted  to  a  semimicro  scale;  equipment  of" a  special  nature  has 
been  designed  for  such  small-scale  work  (21). 

Isopropyl  alcohol,  c.p.,  was  chosen  as  the  solvent  for  the 
standard  acid  and  base  because  it  is  one  component  of  the  titra¬ 
tion  solvent  and  because  caustic  solutions  made  from  it  are  more 
stable  than  those  made  from  ethyl  alcohol.  Special  grades  of 
isopropyl  alcohol  to  which  odorants  may  have  been  added  are 
not  recommended  for  the  preparation  of  these  reagents. 

In  the  determination  of  acidity  in  complex  mixtures,  such  as 
lubricating  oil  or  organic  distillates,  any  information  which 
helps  to  identify  the  acidic  constituents  may  prove  valuable. 
The  potentiometric  titration  gives  such  information,  and,  in 
addition,  furnishes  a  record  of  just  what  took  place  during  the 
analysis  of  any  sample. 
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Laboratory  Evaluation  of  Corrosion-lnhibitive  Pigments 


G.  D.  PATTERSON  AND  C.  K.  SLOAN,  Chemical  Department,  E.  I.  du  Pont  de  Nemours  &  Company,  Inc.,  Wilminston,  Del. 


The  importance  of  water  condensation  in  failure  of  metal-protective 
paints  by  corrosion  is  discussed.  Severe-service  tests  are  differ¬ 
entiated  from  "accelerated"  tests.  Techniques  are  described  for 
laboratory  evaluation  of  the  corrosion  resistance  imparted  by  metal- 
protective  pigments.  The  preferred  technique  combines  use  of  thin 
metal  foil  panels  0.0005  inch  thick,  single  films  or  thin  films  offering 
minimum  physical  protection,  and  exposure  under  controlled  water- 
condensation  conditions. 

THIS  paper  deals  with  methods  for  investigating  the  protec¬ 
tive  value  of  corrosion-inhibitive  pigments  in  maintenance 
paints  for  metal  surfaces,  with  emphasis  on  degree  of  inhibitive 
action  rather  than  film  durability. 

Because  of  the  many  variables  which  may  be  encountered  in 
service,  the  evaluation  of  pigmented  coating  compositions  for  the 
protection  of  structural  steel  surfaces  against  atmospheric  corro¬ 
sion  represents  a  most  difficult  field  of  testing.  For  the  same 
reason,  apparently  conflicting  performance  data  are  sometimes 
obtained  in  so-called  practical  tests. 

Progress  in  the  development  of  improved  pigments  and  paints 
has  accordingly  been  slow  and  the  actual  advances  represented 
by  new  products  have  been  uncertain.  Honest  differences  of 
opinion  may  exist  as  to  the  relative  merit  of  standard  products 
which  have  been  in  extensive  use  over  a  number  of  years.  Even 
after  an  anticorrosive  pigment  has  been  properly  formulated  into 
paint,  according  to  existing  laboratory  tests,  varied  conditions 
in  service  may  introduce  factors  that  have  a  pronounced  influence 
on  the  protective  effectiveness  of  the  system. 

Important  variables  in  the  use  of  coating  compositions  include 
the  metal  painted,  the  condition  of  the  surface  (including  rust  and 
mill  scale),  film  thickness,  temperature  and  moisture  conditions 
during  painting  and  drying,  contact  with  other  paint  films  (old 
paint  and  new  topcoats),  and  finally  the  several  atmospheric  con¬ 
ditions  including  moisture,  corrosive  chemicals  such  as  salt,  sul¬ 
fur  dioxide  and  others  found  in  some  atmospheres,  heat,  and  sun¬ 
light.  The  investigator  interested  in  development  of  metal-pro¬ 
tective  pigments  faces  an  even  more  complex  situation  since,  in 
addition,  he  must  consider  control  pigments,  combinations  with 
other  pigments,  representative  vehicles,  and  consistency  as  re¬ 
lated  to  control  of  film  thickness. 

Evaluation  techniques  making  possible  a  more  intelligent  se¬ 
lection  of  leads  prior  to  the  essential  long-time  fence  and  field 
tests  are  therefore  of  the  utmost  importance.  Practical  evalua¬ 
tions  of  the  latter  type  extend  over  many  years  and  are  not  well 
adapted  for  exploratory  studies.  In  setting  up  preliminary  labo¬ 
ratory  tests,  conditions  should  be  selected  on  the  basis  of  an 
analysis  of  the  requirements  to  be  met  by  a  metal-protective 
paint  film  in  accomplishing  its  objective — namely,  prevention  of 


corrosion  of  the  metal.  Film  requirements  include  (1)  mainte¬ 
nance  of  continuity,  (2)  maintenance  of  adhesion  to  the  metal, 
and  (3)  inhibition  at  the  metal-film  interface.  The  pigment  in¬ 
fluences  each  of  these  characteristics  but  is  particularly  important 
in  relation  to  providing  protection  by  passivation  and/or  exclu¬ 
sion  of  water  and  oxygen  and/or  control  of  film  acidity. 

In  connection  with  the  development  of  improved  metal-protec¬ 
tive  pigments,  techniques  have  been  devised  in  this  laboratory  b\ 
w'hich  individual  protective  characteristics  of  a  candidate  pig 
ment  can  be  studied  under  controlled  conditions  to  provide  : 
basis  for  subsequent  exposure  work.  These  are  not  “acceleratec 
tests”,  at  least  in  the  usual  sense  of  the  term,  and  in  particular 
they  are  not  accelerated  tests  in  which  some  one  factor  has  beei 
exaggerated  to  a  degree  never  met  in  practice  in  order  to  induce 
some  kind  of  rapid  failure.  Thus,  they  are  not  to  be  considered 
in  the  category  of  salt-spray  and  continuous-immersion  test 
which  are  frequently  used  as  accelerated  tests  and  accepted  as  in 
dicating  performance  under  atmospheric  conditions  but  which  ac 
tually  demonstrate  performance  under  special  conditions  occa 
sionally  met  in  practice.  Rather,  they  are  to  be  considered  a 
“severe-service”  tests  in  which  severe  conditions  which  are  mos 
likely  to  cause  failure  in  general  service  are  brought  into  the  labo 
ratory  and  reproduced  as  faithfully  as  possible  without  intensify 
ing  any  factor  to  a  degree  greater  than  that  actually  met  in  prac 
tice.  For  example,  wrater  continuously  or  frequently  in  contac 
with  a  paint  film  is  an  unquestioned  factor  in  promoting  corrosio: 
failure.  Frequent  water  condensation  in  practical  service  ma; 
cause  failure  of  metal-protective  paints  wrhich  stand  up  satisfac 
torily  under  more  favorable  conditions.  Rusting  on  the  bottor 
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Figure  1.  Relative  Thickness  of  Panel  Material  Used  in  Test¬ 
ing  Effectiveness  of  Metal-Protective  Primers 
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gether  with  adaptations  which  introduce  the 
further  factors  of  weathering  and  prerusted  steel 
surfaces. 


THIN  FOIL  TECHNIQUE 


Figure  2. 

Left. 

rface  of  steel  beams,  while  sides  and  top  are  in  good  condition, 
a  common  occurrence  which  can  be  traced  to  condensation  and 
inging  water  droplets. 

In  setting  up  tests  to  establish  corrosion-inhibitive  effective¬ 
's,  the  general  rules  have  been  (1)  to  use  only  conditions  which 
e  actually  met  in  practice,  (2)  to  apply  the  more  severe  condi- 
>ns  most  likely  to  induce  failure,  and  (3)  to  limit  the  evaluation 
so  far  as  practicable  to  one  cause  of  failure.  In  the  techniques 
esented,  prevention  of  underfilm  corrosion  has  been  empha- 
;ed.  The  ability  of  the  pigment-binder  combination  to  inhibit 
rrosion  directly  or  to  keep  corrosion-inducing  agents  away  from 
e  metal  is  the  property  under  study,  with  durability  and  adhe- 
in  either  minimized  or  secondary.  The  importance  of  the  latter 
'0  factors  is  clearly  recognized,  but  they  are  secondary  unless 
bfilm  corrosion  is  controlled  simultaneously. 

With  regard  to  the  mechanism  of  corrosion,  previous  workers 
,ve  firmly  established  several  points  which  stand  out  from  the 
aze  of  theories  and  isolated  facts  in  the  literature,  and  furnish 
lidance  in  test  development.  Atmospheric  corrosion  cannot 
oceed  unless  both  water  and  oxygen  are  present.  The  process 
corrosion  may  be  accelerated  by  the  presence  of  active  acids  or 
rtain  electrolytes.  In  service,  the  atmospheric  oxygen  factor 
ay  be  considered  constant  and  the  moisture  factor  the  primary 
mospheric  variable.  Atmospheric  acidity  is  undoubtedly  in- 
ilved  in  some  severe  failures  in  service — for  example,  acidity  in 
e  form  of  sulfur  dioxide  or  trioxide  (smoke)  and  carbon  dioxide, 
lectrolytes  may  be  very  important  in  specific  cases  and  must  not 
!  overlooked— for  example,  sodium  chloride  from  sea  water 
ray  or  other  sources.  Film  acidity  may  also  be  involved, 
owever,  in  the  majority  of  cases,  water  appears  to  be  the  con- 
oiling  factor  in  promoting  corrosion  under  an  intact  film  (ex¬ 
uding  durability).  Consequently,  it  was  selected  for  emphasis 
developing  laboratory  severe-service  tests. 

In  studying  the  corrosion-inhibiting  power  of  pigmented  films, 
is  important  to  detect  the  first  stages  of  corrosion  and  to  follow 
5  progress.  To  this  end,  a  technique  has  been  developed  in 
hich  the  normal  metal  panel  is  replaced  by  extremely  thin  metal 
il  representing  the  immediate  surface  of  the  ordinary  panel  and 
thin  that  perforation  occurs  as  soon  as  corrosion  starts.  This 
hin  foil  technique”  makes  possible  the  study  of  inhibition  under 
i  intact  paint  film  normally  applied  and  without  the  introduc- 
3n  of  abnormal  influences. 

In  addition,  two  general  techniques  reflecting  severe  conditions 
curring  in  practice  have  been  selected  with  the  previously 
ated  general  rules  in  mind.  The  first  involves  use  of  a  relatively 
in  paint  film,  a  condition  which  is  often  encountered  in  prac- 
■e  and  which  represents  a  severe  test  of  protective  power  be¬ 
muse  of  the  greater  permeability  of  the  film  to  water.  The 
cond  involves  moisture  condensation,  the  basis  for  which  has 
ready  been  discussed. 

These  three  techniques  will  be  described  in  greater  detail,  to- 


The  general  method  comprises  the  painting 
of  one  side  of  a  metal  “panel”  so  thin  that  a 
minute  amount  of  corrosion  will  be  apparent 
from  the  back  or  uncoated  side  of  the  panel  which 
is  protected  by  sealing  it  with  an  inert  resin  on 
a  transparent  glass  plate  such  as  a  microscope 
slide.  Panels  made  up  from  iron  foil  about 
0.0005  inch  thick  have  been  extensively  used  in 
development  studies. 

Figure  1  indicates  the  relative  thickness  of  such 
thin  panels  as  compared  with  ordinary  20-gage 
steel  panels  and  with  an  ordinary  paint  film 
Corrosion  usually  becomes  visible  from  the  panel  rear  before  it 
does  through  the  paint  film.  This  is  particularly  helpful  with 
dark-colored  primers  and  in  cases  where  topcoats  are  applied  over 
the  primer  film.  In  the  case  of  blistering  or  questionable  areas, 
it  can  be  seen  directly  whether  or  not  actual  corrosion  is  involved. 
Figure  2  shows  a  painted  miniature  iron  foil  panel  after  an  expo¬ 
sure;  at  left  is  the  paint  side  and  at  right  the  extent  of  underfilm 
corrosion  as  seen  from  the  back  of  the  panel. 

The  thin  foil  technique  can  readily  be  extended  to  nonferrous 
metals  such  as  aluminum  and  magnesium  alloys. 


Figure  3.  Indoor  Water-Condensation  Cabinet  Open  to  Show 
Miniature  Panels 


Preparation  of  Thin  Foil  Panels.  The  thin  iron  foil  used 
in  this  investigation  was  obtained  from  the  American  Platinum 
Works,  Newark,  N.  J.  The  iron  was  described  as  “Electrolyt- 
Iron  Heraeus-Vacuum-Schmelze  A.  Ca.,  Hanau,  a.M.,  Germany”, 
having  the  following  elements  in  addition  to  iron:  manganese, 
0.030%;  silicon,  0.030%;  carbon,  0.010%;  phosphorus  0.008%; 
sulfur,  0.016%. 

The  foil  used  has  a  thickness  of  the  order  of  0.0003  to  0.0005 
inch.  It  is  cut  into  miniature  panels  (0.625-inch  squares)  with  a 
paper  cutter  after  being  placed  wit  hin  the  fold  of  a  sheet  of  paper. 
Before  use,  each  miniature  panel  is  examined  for  freedom  from 
holes  and  blemishes.  To  protect  from  premature  rusting,  the 
small  squares  of  foil  are  kept  immersed  in  mineral  spirits. 

The  technique  used  in  mounting  the  miniature  foil  panels  is  as 
follows: 

Clean  microscope  slides  (3X1  inch)  are  laid  on  an  electric  hot 
plate  and  heated  until  the  glass-to-metal  adhesive,  an  inert  ether 
resin  of  the  type  disclosed  in  U.  S.  Patent  2,060,715,  melts  and 
adheres  when  rubbed  on  the  hot  glass  surface.  Sufficient  adhe- 


Miniature  Iron  Foil  Panel  Painted  with  Iron  Oxide-Linseed  Oil 
Paint  side  alter  exposure.  Right.  Back  of  panel.  Note  underfilm  corrosion 
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sive  is  transferred  in  this  manner  to  cover  the  central  third  of  the 
glass  slide  with  a  thin  film.  The  slide  is  then  removed  from  the 
hot  plate  with  a  forceps  and  one  of  the  0.625-inch  squares  of  foil 
is  transferred  to  the  central  fluid  resin  area.  Intimate  contact 
of  resin  to  metal  is  secured  before  the  resin  solidifies  by  pressing 
the  metal  foil  with  the  end  of  a  bar  very  slightly  smaller  in  cross 
section  than  the  piece  of  foil.  If  there  is  a  tendency  for  the  edge 
of  the  foil  to  turn  up,  a  small  spatula  with  turned  up  point  is 
used  to  seal  these  edges  by  pressure.  The  mounted  foil  is  ready 
for  painting  when  cool.  If  painting  is  delayed,  the  mounted  foil 
panel  is  kept  in  a  desiccator  to  protect  against  atmospheric  cor¬ 
rosion.  The  sealing  resin  must  be  inert  to  avoid  the  possibility 
of  corrosion  from  this  source,  and  it  must  retain  its  bond  to  glass 
in  the  presence  of  water.  Turned  up  edges  of  the  foil  should  be 
avoided,  since  they  will  later  cut  the  paint  film  and  end  the  test 
prematurely. 


Figure  4.  Indoor  Water-Condensation  Cabinet  Covered  by 
Glass  Plate  and  Wet  Towels 


The  miniature  panel  is  painted  with  a  flat  0.5-inch  brush. 
Attention  is  given  to  securing  a  “normal”  film  thickness  of  about 
0.0015  inch  except  where  a  test  of  the  effectiveness  of  thin  films  is 
desired  (see  below).  This  is  done  by  using  a  relatively  “dry” 
brush  and  first  painting  out  each  system  on  a  specimen  area  corre¬ 
sponding  to  the  miniature  foil  panel.  The  amount  of  paint  to  be 
applied  to  the  foil  area  is  the  amount  necessary  to  give  the  re¬ 
quired  increase  in  weight  on  the  test  specimen  area.  When  the 
effect  of  a  topcoat  is  to  be  tested,  the  latter  is  applied  over  the 
primer  in  a  similar  manner  after  a  suitable  drying  period.  Al¬ 
most  insignificant  amounts  of  paint  materials  are  required,  and 
it  is  therefore  imperative  that  the  brush  used  be  clean  of  other 
paint  and  dry  of  solvents. 

THIN  FILM  TECHNIQUE 

Primed  metal  without  topcoat  is  frequently  exposed  to  atmos¬ 
pheric  influences  for  long  periods.  Since  this  represents  a  se¬ 
vere  test  of  inhibitive  effectiveness,  a  single  primer  coat  has  been 
used  in  much  of  the  routine  testing  of  pigments  in  this  laboratory. 

Where  a  particularly  severe,  yet  practical,  test  of  inhibition  is 
desired,  the  normal  thickness  of  the  primer  film,  1.5  to  2  mils,  is 
reduced  by  about  50%.  This  is  legitimate,  since  practical  paint¬ 
ing  practices  frequently  result  in  thin  areas  of  film.  Improper 
thinning  of  normally  effective  paints  in  service  has  been  known  to 
produce  early  failure  for  this  reason.  The  film  thickness  factor 
is  especially  important  if  the  primer  is  expected  to  be  the  sole  pro¬ 
tecting  film  over  a  long  period  of  time,  as  is  the  case  with  shop- 
primed  maintenance  steel.  For  these  reasons,  it  is  frequently  de¬ 
sirable  to  determine  the  performance  of  metal-protective  pigments 
in  a  thinner  paint  film  than  would  be  recommended. 

WATER-CONDENSATION  TECHNIQUE 

Because  of  the  fundamental  dependence  of  extent  of  corrosion 
on  degree  of  moisture  condensation,  controlled  water  condensa¬ 


tion  in  laboratory  equipment  has  been  used  for  evaluation  of  in¬ 
hibitive  power,  selecting  conditions  which,  although  severe,  rep¬ 
resent  commonly  occurring  conditions  that  cause  corrosion  in 
practice.  Heavy  condensation  is  a  general  phenomenon,  exist¬ 
ing  wherever  the  temperature  of  the  metal  object  drops  below  the 
dew  point,  and  may  be  encountered  -wherever  atmospheric  hu¬ 
midity  is  relatively  high,  as  in  the  vicinity  of  a  stream  or  near 
the  seacoast  or  in  a  damp  basement  or  tunnel,  or  wherever  warm 
days  are  followed  by  cool  nights  with  rapid  decrease  in  tempera¬ 
ture.  It  occurs  daily  in  the  tropics  and  frequently  in  other  re¬ 
gions.  The  degree  of  corrosion  is  also  governed  in  large  measure 
by  the  frequency  of  long  damp  periods.  Choice  of  a  wet/dry 
condensation  cycle  can  be  made  in  specific  cases  to  adjust  the  se¬ 
verity  of  the  exposure  to  correspond  to  that  of  any  condition  in 
any  climate. 

Two  types  of  condensation  tests  have  been  used,  an  indoor  test 
involving  alternate  periods  of  condensation  and  drying  without 
weathering,  and  an  outdoor  test  comprising  alternate  periods  of 
condensation  and  exposure  outdoors  45°  south.  Each  contrib¬ 
utes  useful  information  and  the  two  preferably  should  be  run  in 
parallel.  Both  sets  of  conditions  are  met  in  practice. 

Two  water-condensation  cycles  have  been  used  in  laboratory 
service  tests.  The  “daily  cycle”  involves  a  wet  period  of  water 
condensation  at  night  and  a  dry  period  during  the  daytime,  corre¬ 
sponding  to  the  diurnal  variation  that  often  occurs.  The 
“weekly  cycle”  of  4  days  wet  and  3  days  dry  is  used  to  simulate 
the  effect  of  frequently  occurring  damp  periods.  For  the  film- 
metal  systems  studied,  corrosion  wras  definitely  more  rapid  for  the 
weekly  cycle  than  for  the  daily  cycle,  even  though  the  wet  frac¬ 
tion  of  the  total  cycle  is  about  the  same.  Corrosion  in  the  daily- 
cycle  is  much  more  severe  than  in  the  much  shorter  cycles  of  some 
‘‘accelerated  tests”  where  the  wet  to  dry  change  takes  place  con¬ 
siderably  more  frequently  (such  as  at  15-  to  60-minute  intervals), 
there  being  less  chance  for  either  a  dry  or  wet  equilibrium  condi¬ 
tion  to  be  developed  in  the  film.  The  exact  significance  of  the 
dry  portion  of  the  cycle  has  not  been  established.  However,  it 
affords  an  opportunity  for  migration  of  water-soluble  components 
of  the  film  which  theoretically  may  occur. 

The  results  of  indoor  water  condensation  tests  should  be  inter¬ 
preted  only  in  the  fight  of  the  purpose  for  which  the  test  wras  de¬ 
signed,  to  show  the  behavior  of  film  systems  when  used  under  con¬ 
ditions  involving  relatively  prolonged  water  condensation  and  no 
exposure  to  outdoor  weathering.  The  indoor  tests  do  not  show 
the  specific  effects  of  sunlight  on  the  ultimate  durability  of  the 
system  but  they  do  emphasize  the  inhibitive  value  of  the  film. 

Outdoor  exposure  at  45°  south  can  be  included  intermittently 


Figure  5.  Outdoor  Water-Condensation  Cabinet 
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Figure  6.  Typical  Underfilm  Corrosion 

Rear  view  of  painted  miniature  iron  foil  panels  after  exposure 
Corrosion  of  simple  single-pigment-linseed-oil  primer  systems  after  exposure  in  indoor  water-con¬ 
densation  cabinet  under  selected  conditions 


sion  heating  coils  are  required  in  the  interior  water 
tray  to  ensure  the  necessary  temperature  differ¬ 
ential  for  condensation.  The  water  is  maintained 
about  10°  F.  above  the  air  temperature  when  it  is 
necessary  to  use  the  heaters. 

Exposure  Cycle.  For  the  indoor  conden¬ 
sation  tests,  two  wet/dry  cycles  have  been  used. 
The  daily  cycle  corresponding  to  that  of  the 
outdoor  box  is  not  so  effective  in  producing  cor¬ 
rosion  as  is  the  weekly  cycle  consisting  of  4  days 
of  continuous  condensation  and  3  days  dry. 
This  latter  period  has  been  used  to  the  greatest 
extent,  inasmuch  as  it  is  considered  to  simulate 
the  effect  of  frequently  recurring  condensation  dur¬ 
ing  humid  periods  or  in  damp  locations.  The  daily 
cycle  corresponds  more  nearly  to  heavy  condensa¬ 
tion  conditions  in  the  absence  of  direct  sunlight. 

The  outdoor  arrangement  is  best  adapted  to 
a  daily  cycle  with  water  condensation  at  night 
and  exposure  at  45°  south  during  the  day.  For 
convenience,  a  wet/dry  cycle  of  15/9  hours  has 
been  used  in  the  work  to  date.  A  weekly  cycle 
comparable  to  that  used  in  indoor  tests  appears  to 
have  promise  but  has  not  been  explored  thoroughly. 

PERFORMANCE 

Reproducibility  of  Results.  As  in  all  corro¬ 
sion  evaluation,  it  is  advisable  to  make  at  least 
duplicate  and  preferably  triplicate  panels.  General 
experience  has  been  that  results  with  the  miniature 
panels  are  readily  reproducible.  Performance  has 
been  much  more  consistent  than  for  ordinary 
large  panels  on  outdoor  rack  tests. 

Time  Required  for  Tests.  The  time  re¬ 
quired  for  significant  results  depends  on  the 
efficacy  of  the  protective  systems  and  on 


dth  the  cycle  for  the  indoor  box,  where  this  type  of  information  is 
esired. 

Water-Condensation  Cabinet,  Indoors.  The  panels  are 
xposed  painted  side  downward  between  bars  suspended  over  the 
op  of  wooden  boxes  about  24  X  24  X  12  inches  deep  (see  Figures  3 
nd  4) .  The  top  edge  of  the  box  is  recessed  to  receive  a  snugly  fit- 
ing  plate-glass  cover,  which  is  supported  about  0.125  inch  over  the 
anels.  The  box  is  waterproofed  by  waxing  inside.  A  wide  tray 
ontaining  water  covers  the  bottom  of  the  box  and  may  be  reached 
hrough  a  door  in  the  side.  If  the  number  of  exposure  panels  is 
lsufficient  to  cover  the  top  area  of  the  box  completely,  “dummy” 
anels  are  used  to  fill  up  the  space,  so  that  the  system  is  a  closed 
ne  even  before  the  glass  plate  is  put  in  place.  A  wet  towel  is 
laced  over  the  glass  plate  and  kept  wet.  Continuous  evapora- 
ion  from  the  towel  maintains  the  temperature  of  the  panels  in  the 
ox  at  or  below  the  dew  point.  In  this  closed  water-saturated 
cstem,  fine  water  droplets  condense  and  remain  on  the  painted 
ide  of  the  panels.  The  box  is  deep  to  facilitate  regulation  of  the 
H  of  the  condensed  water  if  it  is  desired  to  investigate  the  effect 
f  acid  dews  (such  as  with  sulfur  dioxide) . 

A  somewhat  simpler  although  less  flexible  arrangement  is  one 
i  which  the  deep  box  is  replaced  by  a  relatively  shallow  tray,  and 
le  panels  are  directly  sealed  (paint  side  exposed)  to  the  bottom 
f  the  large  glass  cover  with  a  beeswax-rosin  mixture.  The  cover 
lay  be  kept  cooled  by  a  thin  layer  of  water  retained  thereon  by  a 
lallow  wax  dam  around  its  edges  or  by  the  above  towel  arrange- 
lent. 

Water-Condensation  Cabinet,  Outdoors.  The  general 
rrangement  for  outdoor  exposure  is  essentially  the  same  as  that 
f  the  indoor  box,  with  the  added  feature  that  the  cover  is  hinged 
nd  the  panels  are  fastened  thereto  in  a  manner  permitting  them 
)  be  exposed  at  45°  facing  south  by  swinging  the  cover  back  on 
s  hinge  135°  from  the  normal  face-down  position  (see  Figure  5). 
he  top  of  the  box  is  plate  glass  sealed  in  the  wood  frame  so  as  to 
rovide  a  tray.  In  the  summer  months,  condensation  is  pro- 
loted  on  the  panels  by  the  cooling  induced  by  evaporation  from 
0.25-inch  layer  of  water  maintained  in  this  tray  when  the  box  is 
osed.  During  other  seasons  when  the  temperature  is  low  out¬ 
ers,  no  cooling  water  is  needed  but  several  low-wattage  immer- 


Figure  7.  Primer  Only,  25°  C. 


NUMBER  OF  WEEKLY  CYCLES  EXPOSED 

Figure  8.  Primer  Only,  25°  C.,  S02  Condensate  (pH  5.0) 
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RED  LEAD 


NUMBER  OFWEEKLY  CYCLES  EXPOSED 

Figure  9.  Primer  and  Topcoat,  25°  C. 


the  cycle  chosen.  In  the  case  of  an  outdoor  water-condensation 
box  with  a  daily  cycle,  differences  among  the  poorer  systems  are 
often  apparent  within  a  month  or  two,  while  some  systems  show 
failure  only  after  10  months  or  so.  In  the  case  of  the  more  severe 
condensation  test  using  the  weekly  cycle,  similar  failure  occurs 
indoors  within  shorter  time  intervals — i.e.,  within  the  correspond¬ 
ing  number  of  weeks. 

Method  of  Grading.  The  panels  are  graded  on  a  numerical 
basis  after  visual  examination  of  both  the  front  and  the  back  of 
the  panel.  Inasmuch  as  the  early  incidence  of  corrosion  is  of  in¬ 
terest,  a  grading  code  has  been  used  that  emphasizes  slight  in¬ 
itial  changes.  A  grading  of  10  represents  no  rusting,  whereas  0 
represents  complete  failure.  A  grading  of  9  denotes  very  slight 
(even  questionable)  corrosion,  while  8  indicates  slight  but  definite 
corrosion,  and  7  corresponds  to  failure  of  about  10%  of  the  metal 
surface  area.  Gradings  from  7  to  0  are  in  proportion  to  the  sur¬ 
face  area  remaining  unattacked — i.e.,  from  90  to  0%. 

TYPICAL  RESULTS 

The  paints  used  to  illustrate  results  are  simple  experimental 
compositions  consisting  of  single  pigments  in  refined  linseed  oil 
at  equal  pigment  volumes,  in  which  no  attempt  has  been  made  to 
develop  the  maximum  protective  effectiveness  possible  by  correct 
formulation.  Figures  7  to  11  present  corrosion  data  obtained  on 
them  by  one  of  the  above-described  techniques,  while  Figure  6 
shows  typical  underfilm  corrosion  on  a  number  of  miniature 
panels.  All  results  shown  are  for  thin  foil  panels  exposed  in  the 
indoor  condensation  cabinet  using  the  weekly  cycle  of  moisture 
condensation.  The  effects  of  temperature,  topcoat,  and  use  of  a 
slightly  acid  (sulfur  dioxide)  condensation  are  shown.  Three 
commercial  grades  of  pigments,  red  lead,  zinc  yellow,  and  iron 
oxide,  are  used  to  illustrate  the  course  of  corrosion  under  these 
different  conditions.  Red  lead  and  zinc  yellow  were  selected  as 
typical  inhibitive  pigments.  Iron  oxide  was  selected  inasmuch 
as  it  has  not  ordinarily  been  considered  as  an  inhibitive  pigment, 
its  extensive  use  being  due  to  other  factors.  Tests  have  indi¬ 
cated  wide  variation  in  the  behavior  of  different  samples  of  iron 
oxide. 

Thick  Panels — Prerusted  Panels.  In  certain  instances, 
it  will  be  possible  to  use  panels  of  ordinary  thickness — for  ex¬ 
ample,  when  studying  the  corrosion  of  very  thin  primer  films 
without  topcoat  or  iron  surfaces  where  corrosion  often  is  visually 
apparent  on  the  paint  side  of  the  panel  after  a  relatively  short 
exposure  to  moisture  condensation.  Use  of  thicker  panel  mate¬ 
rial  is  obligatory  when  using  prerusted  steel  surfaces. 

When  panel  material  of  ordinary  thickness  can  be  employed, 
it  is  convenient  to  use  simple  3X1  inch  panels.  Full-scale 
panels,  say  12  X  4  inches,  may  be  used  if  desired. 

Iron  Mirrors.  The  idea  of  thin  panel  material  has  also  been 
carried  to  an  extreme  by  the  use  of  translucent  iron  mirrors. 


RED  LEAD  AND  ZINC  YELLOW 


Figure  10.  Primer  and  Topcoat,  5°  C. 


NUMBER  OF  WEEKLY  CYCLES  EXPOSED 

Figure  11.  Primers,  Different  Grades  of  Iron  Oxide,  25°  C. 


This  system  is  so  sensitive  that  it  has  not  to  date  been  useful  from 
the  standpoint  of  the  objective  of  this  paper — namely,  evaluation 
of  practical  metal-protective  pigments.  However,  the  technique 
itself  is  briefly  described  because  of  its  possible  utility  as  a  tool 
in  studying  theoretical  aspects  of  the  effect  of  pigments  in  pre¬ 
venting  corrosion. 

Translucent  iron  mirrors  were  prepared  by  evaporating  rela¬ 
tively  pure  iron  on  a  heated  tungsten  filament  under  high  vacuum, 
the  mirror  being  formed  by  condensation  of  the  iron  vapor  on  a 
3X1  inch  microslide  in  the  evacuated  system.  „  Mirrors  having 
a  thickness  of  the  order  of  0.000004  inch  (1000  A.)  were  selected, 
selection  being  on  the  basis  of  visual  density  of  the  mirror  film 
The  thickness  has  been  checked  by  an  interferometric  method 
and  by  a  colorimetric  analysis  for  iron. 

The  iron  mirror  film  is  relatively  stable  to  corrosion  in  the  or 
dinary  laboratory  atmosphere.  Under  high  humidity  condi 
tions,  however,  the  film  fails.  Extremely  thin  mirrors  are  unsuit 
able  because  they  fail  by  microcracking  and  microcurling  at  higl 
humidity.  Thicker,  but  still  translucent,  mirrors  show  the  typi 
cal  micro  “pitting”  type  of  corrosion  when  exposed  fora  week  o: 
two  in  an  atmosphere  of  high  humidity.  An  area  of  bright  yel 
lowish-brown  rust  appears  at  or  near  the  center  of  the  pit  anc 
appears  to  grow  at  the  expense  of  the  retreating  iron  mirror. 
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Analysis  of  Soap-Synthetic  Detergent  Mixtures  in  Bar  Form 

DONALD  BERKOWITZ  AND  RUBIN  BERNSTEIN,  Detergent  Section,  Test  Laboratory,  United  States  Navy  Yard,  Philadelphia,  Pa. 


|v  procedure  for  the  analysis  of  commercial  soap-synthetic  deter- 
ent  mixtures  is  proposed  which  has  given  sufficiently  accurate  and 
producible  results.  The  sample  is  extracted  with  95%  ethyl 
cohol  to  remove  the  major  portion  of  the  active  ingredients, 
>llowed  by  solution  of  the  alcohol-insoluble  salts  in  water  and 
precipitation  of  them  by  the  addition  of  excess  ethyl  alcohol, 
oap,  fatty  matter,  and  alcohol-soluble  chlorides  are  determined 
irectly,  synthetic  detergent  being  determined  as  the  difference 
etween  total  alcohol-soluble  matter  and  the  sum  of  soap,  fatty 
latter,  and  alcohol-soluble  chlorides. 


Combine  the  petroleum  ether  extracts  and  wash  with  small 
portions  of  distilled  water  until  the  water  washings  are  no  longer 
acid  to  methyl  orange. 

Transfer  the  petroleum  ether  extracts  to  the  original  300-ml. 
tared  flask,  filtering  if  necessary,  and  wash  the  separatory  funnel 
with  2  small  portions  of  petroleum  ether,  adding  the  washings  to 
the  flask.  Evaporate  the  petroleum  ether  on  the  steam  bath, 
then  dry  in  an  oven  at  100°  to  105°  C.  to  constant  weight.  Cool 
and  weigh  as  fatty  acids  plus  fatty  matter. 

Dissolve  the  fatty  acids  and  fatty  matter  in  50  ml.  of  neutral 
ethyl  alcohol  with  warming;  add  phenolphthalein  indicator  and 
titrate  with  standard  alcoholic  0.1  N  sodium  hydroxide. 

Calculate  the  per  cent  of  soap  plus  fatty  matter  as  follows: 


A  BAR  form  of  soap-synthetic  detergent  mixture  has  recently 

\  come  into  wide  use  by  the  Navy  for  general  cleaning  in  sea 
ater.  Several  publications  have  described  the  use  of  soap- 
ynthetic  detergent  mixtures  as  replacements  for  coconut  oil 
japs  which  are  no  longer  available  in  large  quantities  {3,  11,  12). 
lethods  for  analyzing  these  mixtures  are  being  used  by  manu- 
ictuiers  for  their  own  products,  but  as  yet,  except  for  a  method 
ontained  in  a  government  specification  for  bar  form  of  salt- 
ater  detergent  ( 2 ),  no  general  procedure  for  the  analysis  of 
uch  mixtures  has  appeared  in  the  literature.  Inasmuch  as  the 
,'avy  Department  is  a  large  consumer  of  soap-synthetic  deter- 
ent  mixtures  in  bar  form  which  must  conform  to  specification 
equirements,  it  is  important  that  an  accurate  method  of  analy- 
is  be  available.  This  paper  presents  a  sufficiently  accurate  and 
eproducible  procedure  for  the  analysis  of  soap-synthetic  defer¬ 
ent  mixtures  in  bar  form,  which  was  developed  after  an  in- 
•estigation  of  the  literature  and  various  procedures  submitted 
>y  several  soap  and  synthetic  detergent  manufacturers. 

Methods  for  the  direct  determination  of  synthetic  detergents 
lave  been  reported  (1,  4~7, 10),  but  none  has  been  applied  to  the 
malysis  of  soap-synthetic  detergent  mixtures.  Moreover,  these 
nethods  are  applicable  only  to  those  detergents  whose  exact 
tructure  is  known,  and  cannot  be  used  for  commercial  soap- 
ynthetic  detergent  mixtures  in  which  the  synthetic  portion  is 
lot  identified  and  may  consist  of  a  mixture  of  indefinite  com¬ 
position. 

Soap-synthetic  detergent  mixtures  of  the  type  useful  for  salt- 
.vater  cleaning  consist  of  an  active  portion  (soap  and  synthetic 
ietergent)  and  an  inactive  portion  (inorganic  salts,  moisture, 
md  fatty  matter).  The  term  “fatty  matter”,  as  used  in  this 
[paper,  refers  to  all  constituents  preferentially  soluble  in  petro- 
eum  ether;  this  will  normally  include  hydrocarbons,  fats,  and 
tree  fatty  acids.  The  term  “active  ingredient”,  as  used  in  this 
paper,  is  applied  to  the  alcohol-soluble  portion  corrected  for 
determined  impurities.  The  present  method  is  based  on  the 
separation  of  active  ingredients  from  inorganic  salts  by  means  of 
ethyl  alcohol,  and  the  subsequent  determination  of  soap,  fatty 
matter,  and  sodium  chloride  in  the  alcohol-soluble  portion. 
Synthetic  detergent  is  calculated  as  the  difference  between  total 
alcohol-soluble  matter  and  the  sum  of  soap,  fatty  matter,  and 
alchohol-soluble  sodium  chloride. 

PROCEDURE 

Anhydrous,  Salt-Free  Soda  Soap.  Weigh  to  the  nearest 
milligram  a  2-gram  sample  of  the  soap-synthetic  detergent  bar 
in  a  tared  300-ml.  Erlenmeyer  flask.  Add  50  ml.  of  water  and 
50  ml.  of  95%  ethyl  alcohol.  (Formula  2B  or  30  alcohol  may  be 
used  if  95%  ethyl  alcohol  is  not  available.)  Warm  on  the  steam 
I  bath  until  no  further  solution  takes  place.  Cool,  add  5  drops  of 
methyl  orange  indicator,  and  titrate  with  0.5  N  sulfuric  acid  to  a 
pirik  color.  Add  5  to  6  ml.  in  excess.  Transfer  the  contents  of 
I  the  flask  to  a  500-ml.  separatory  funnel,  washing  out  the  flask  with 
50  ml.  of  water,  then  with  50  ml.  of  ethyl  alcohol.  Add  the  wash¬ 
ings  to  the  separatory  funnel.  Extract  the  fatty  acids  and  fatty 
matter  4  times  with  petroleum  ether,  using  40-ml.  portions. 


Per  cent  of  soap  + 

(ml.  of  NaOH  X  normality  factor  X  0.022)  + 
,  (weight  of  fatty  acids  +  fatty  matter) 

fatty  matter  - - - r-r— — 7 - , - 

J  weight  ol  sample 


X  100 


Calculate  per  cent  of  soap  by  subtracting  from  this  value  the 
per  cent  of  fatty  matter  determined  later. 

Alcohol-Insoluble  Matter.  Weigh  to  the  nearest  milli¬ 
gram  a  2-gram  sample  in  a  250-ml.  beaker,  add  100  ml.  of  95% 
ethyl  alcohol,  cover  the  beaker,  and  heat  on  the  steam  bath  with 
frequent  stirring  and  maceration  of  the  sample  until  it  is  com¬ 
pletely  disintegrated.  Let  settle  and  filter  through  a  tared  Gooch 
crucible  with  suction  into  a  tared  300-ml.  Erlenmeyer  flask,  re¬ 
taining  as  much  of  the  residue  as  possible  in  the  beaker.  Repeat 
this  extraction  3  times  with  25-ml.  portions  of  hot  95%  ethyl 
alcohol,  each  time  retaining  as  much  of  the  residue  as  possible 
in  the  beaker.  Finally,  evaporate  any  remaining  alcohol  and 
dissolve  the  residue  in  the  smallest  possible  quantity  of  hot  dis¬ 
tilled  water  (5  ml.  should  be  sufficient).  Reprecipitate  the  al¬ 
cohol-insoluble  matter  by  slowly  adding  with  vigorous  stirring 
50  ml.  of  95%  ethyl  alcohol.  Heat  the  solution  to  boiling  on  the 
steam  bath,  filter,  and  transfer  the  precipitate  to  the  Gooch 
crucible,  washing  several  times  with  95%  ethyl  alcohol.  Dry 
the  crucible  at  100°  to  105°  C.  to  constant  weight  and  calculate 
the  per  cent  of  alcohol-insoluble  matter.  Reserve  the  combined 
filtrate  and  washings. 

Alcohol-Soluble  Matter.  Evaporate  the  filtrate  and  wash¬ 
ings  obtained  in  the  determination  of  alcohol-insoluble  matter  to 
dryness  on  the  steam  bath.  Heat  the  residue  to  constant  weight 
at  100°  to  105°  C.  and  calculate  the  per  cent  of  alcohol-soluble 
matter. 

Fatty  Matter.  Dissolve  the  alcohol-soluble  matter  in  a 
mixture  of  50  ml.  of  water  and  50  ml.  of  9o%  ethyl  alcohol,  warm¬ 
ing  if  necessary.  Transfer  the  solution  to  a  500-ml.  separatory 
funnel,  washing  out  the  flask  with  50  ml.  of  water,  then  with  50 
ml.  of  95%  ethyl  alcohol.  Cool  and  extract  fatty  matter  4  times 
with  petroleum  ether,  using  25-ml.  portions.  Combine  the 
petroleum  ether  extracts  and  wash  4  times  with  10-ml.  portions 
of  0.2  N  sodium  hydroxide,  adding  the  washings  to  the  alcoholic 
solution  which  is  reserved  for  the  determination  of  chlorides. 
Finally,  wash  the  petroleum  ether  extract  with  small  portions  of 
water  until  the  water  washings  are  no  longer  alkaline  to  phenol¬ 
phthalein  .  Transfer  the  washed  petroleum  ether  extract  to  a  tared 
300-ml.  Erlenmeyer  flask,  washing  out  the  separatory  funnel  with 
2  small  portions  of  petroluem  ether,  and  add  the  washings  to  the 
flask.  Evaporate  the  petroleum  ether  on  the  steam  bath  and 
dry  the  residue  at  100°  to  105°  C.  to  constant  weight.  Calculate 
the  per  cent  of  fatty  matter. 

Chlorides  in  Alcohoi^Soluble  Matter.  Add  15  ml.  of 
20%  magnesium  nitrate  solution  to  the  alcoholic  solution  re¬ 
maining  after  the  determination  of  fatty  matter.  Heat  on  the 
steam  bath  until  the  precipitate  is  coagulated,  filter,  and  wash 
thoroughly  with  water.  Make  the  filtrate  acid  with  dilute  nitric 
acid  and  determine  chlorides  by  the  Volhard  method. 

Synthetic  Detergent,  by  Difference.  Calculate  the  per 
cent  of  anhydrous,  salt-free,  synthetic  detergent  as  follows: 

%  synthetic  detergent  =  (%  alcohol-soluble  matter)  -  (%soda 
soap  +  %  fatty  matter  +  %  NaCl  in  alcohol-soluble  matter) 


DISCUSSION 

The  usual  method  for  analyzing  commercial  synthetic  deter¬ 
gents  consists  in  the  separation  of  alcohol-soluble  and  insoluble 
portions  by  extraction  with  ethyl  alcohol.  The  alcohol-soluble 
portion  is  then  generally  considered  to  be  “active  synthetic  deter- 
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Table  I.  Adsorption  of  Synthetic  Detergents 

(Values  represent  average  of  4  individual  determinations,  expressed  as  per 
cent  of  total  sample) 

Alcohol-Soluble 

Loss  in  Weight  on  Matter  Recovered 
Ignition  of  Alco-  from  Precipitate  of 
hol-Insoluble  Alcohol-Insoluble 

Residue  Salts  Synthetic  Detergent 


Method 

Method 

Method 

Method 

Method 

Method 

Sample 

Ia 

116 

I 

II 

I 

II 

1 

4.1 

0 . 9C 

8.3 

0.0 

37.1 

46.3 

2 

2.2 

0.1 

5.0 

0.0 

34.9 

40.9 

3 

1.5 

0.2 

4.0 

0.0 

30.5 

34.7 

4 

4.9 

0.3 

5.7 

0.0 

47.2 

53.8 

5 

1.5 

0.1 

1.4 

0.0 

19.9 

22.0 

6 

2.8 

0.4 

3.4 

0.0 

25.6 

29.7 

7 

1.8 

0.3 

3.6 

0.0 

22.8 

26.9 

8 

1.2 

0.2 

3.2 

0.0 

17.1 

21.1 

a  Method  I,  no  reprecipitation  of  alcohol-insoluble  matter. 

6  Method  II,  reprecipitation  of  alcohol-insoluble  matter. 
c  High  result  probably  represents  loss  of  water  of  hydration  of  borax 
which  is  present  in  this  sample. 


gent”.  Low  results  were  always  obtained  by  this  procedure  in 
this  laboratory.  In  the  analysis  of  soap-synthetic  detergent 
mixtures  by  the  above  alcohol-extraction  method,  low  results 
for  synthetic  detergent  were  also  obtained.  These  low  results 
are  caused  by  the  fact  that  some  synthetic  detergent  is  adsorbed 
by  the  alcohol-insoluble  salts:  (1)  When  the  residue  of  alcohol- 
insoluble  matter  was  dried  in  an  oven  at  105°  C.  and  then  ignited 
at  500°  C.,  the  loss  in  weight  in  some  instances  amounted  to  al¬ 
most  5%  of  the  total  sample.  (2)  The  residue  .1  alcohol- 
insoluble  matter  foamed  in  water,  indicating  the  pre-euce  of  some 
active  material,  which  might  be  soap  or  synthetic  detergent. 
(3)  The  residue  of  alcohol-insoluble  matter  formed  a  very  turbid 
solution  upon  the  addition  of  Pedersen’s  reagent,  which  does  not 
react  with  soaps  or  the  salts  present  (9). 

Investigation  showed  that  the  adsorption  of  synthetic  deter¬ 
gent  by  the  alcohol-insoluble  residue  can  be  very  greatly  reduped 
and  the  separation  made  more  complete  by  a  procedure  which 
involves  initial  extraction  of  the  sample  with  95%  ethyl  alcohol 
to  remove  the  major  portion  of  the  alcohol-soluble  matter,  fol¬ 
lowed  by  solution  of  the  residue  in  the  smallest  possible  quantity 
of  water  and  precipitation  of  the  inorganic  salts  by  the  addition  of 
ethyl  alcohol. 

To  determine  directly  the  amount  of  adsorption,  samples  were 
extracted  with  ethyl  alcohol,  and  the  residue  of  alcohol-insoluble 
matter  was  filtered  on  a  Gooch  crucible,  dissolved  in  the  mini¬ 
mum  amount  of  hot  water,  and  reprecipitated  by  the  addition  of 
excess  ethyl  alcohol.  The  precipitate  was  filtered  off  and  the 
filtrate  evaporated  to  dryness  and  weighed.  This  weight  rep¬ 
resented  the  amount  of  synthetic  detergent  which  could  be 
recovered  from  the  thoroughly  extracted  residue  by  solution 
and  reprecipitation. 

The  results  in  Table  I  show  that  the  adsorption  of  synthetic 
detergent  by  the  alcohol-insoluble  residue,  as  indicated  by  (1) 
loss  in  weight  upon  ignition  of  the  alcohol-insoluble  residue  and 
(2)  recovery  of  synthetic  detergent  from  the  alcohol-insoluble 
residue,  can  be  markedly  reduced  when  the  reprecipitation  pro¬ 
cedure  is  employed.  Values  for  the  synthetic  detergent  portion 


of  eight  samples  by  the  nonprecipitation  and  precipitatior 
methods  are  also  given  in  Table  I. 

Samples  1,  2,  3,  and  4  were  four  commercially  available  syn¬ 
thetic  detergents.  Sample  1  was  the  sodium  salt  of  a  sulfonatec 
straight-chain  hydrocarbon;  samples  2  and  4  were  sodium  salt; 
of  alkyl  aryl  sulfonates;  sample  3  was  the  sodium  salt  of  a  sul- 
fonated  glyceryl  ester  of  a  straight-chain  fatty  acid.  Samples 
5,  6,  7,  and  8  were  mixtures  in  bar  form  of  soap  and  the  above 
synthetic  detergents. 

In  addition  to  giving  incomplete  separation  of  alcohol-soluble 
matter  from  alcohol-insoluble  salts,  most  of  the  methods  in¬ 
vestigated  gave  incorrect  values  in  the  determination  of  soap 
chlorides,  and  fatty  matter.  As  the  synthetic  detergent  is 
determined  b\  difference,  the  values  reported  for  it  may  be  cor¬ 
respondingly  inaccurate.  Experience  with  the  submitted  meth¬ 
ods  showed  that  soap  values 
tended  to  be  low  and  fatty  mat¬ 
ter  values  high,  while  the  diffi¬ 
culty  in  determining  the  end 
point  in  the  chloride  determina¬ 
tion  led  to  either  high  or  low 
values. 

It  is  believed  that  the  low- 
values  obtained  for  soap  are  due 
to  the  incomplete  decomposition 
of  the  soap  and  consequent  in¬ 
complete  extraction  of  the  fatty 
acids  when  mineral  acid  is  added 
only  to  a  methyl  orange  end 
point.  Judging  from  the  results 
obtained,  the  small  excess  of  acid 
added  in  the  proposed  method  is 
sufficient  to  decompose  the  soap  completely,  but  insufficient  to 
decompose  the  synthetic  detergents  used. 

The  high  values  obtained  for  fatty  matter  are  believed  to  be 
due  to  solution  of  acid  soaps  in  the  ether  used  for  extraction. 
Such  acid  soaps  cannot  be  removed  by  washing  with  water  alone 
(<?)•  Washing  the  petroleum  ether  solution  of  the  fatty  matter 
with  dilute  alkali  seems  to  overcome  this  difficulty. 

APPLICATION  OF  METHOD  TO  KNOWN  MIXTURES 

Inasmuch  as  no  referee  method  exists  for  the  analysis  of  com¬ 
mercial  soap-synthetic  detergent  mixtures  in  bar  form,  the 
present  method  was  tested  by  analyzing  mixtures  of  known 
composition,  containing  soap,  synthetic  detergent,  sodium  sul¬ 
fate,  fatty  matter,  and  sodium  chloride. 

The  mixtures  were  prepared  by  dissolving  the  constituents  in 
50%  alcohol,  diluting  to  a  definite  volume,  and  taking  aliquots  for 

the  analyses. 

The  fatty  matter  used  in  the  mixtures  was  obtained  by  ex¬ 
traction  of  the  synthetic  detergent  in  the  commercially  available 
form  with  petroleum  ether  in  a  Soxhlet  extractor.  The  filtered 
petroleum  ether  solution  was  then  washed  thoroughly  with 
50%  alcohol,  evaporated,  and  dried  to  constant  weight  at  105°  C. 
and  this  extract  was  used  to  furnish  the  fatty  matter. 

The  material  left  in  the  Soxhlet  after  extraction  with  petro¬ 
leum  ether  was  extracted  with  absolute  alcohol  to  remove  alco¬ 
hol-soluble  synthetic  detergent.  The  alcoholic  solution  was  then 
evaporated  and  dried  to  constant  weight,  and  after  being  cor¬ 
rected  for  sodium  chloride  present  was  used  in  the  preparation 
of  known  mixtures. 

The  soap  used  in  the  mixtures  was  obtained  by  first  extracting 
solutions  of  two  commercial  soaps  with  petroleum  ether  to  re¬ 
move  unsaponified  and  unsaponifiable  matter.  The  residue  ob¬ 
tained  on  drying  was  dissolved  so  far  as  possible  in  alcohol  and 
the  filtered  alcoholic  solution  evaporated  to  dryness  and  to 
constant  weight.  This  residue,  corrected  for  glycerol  and  sodium 
chloride  present,  was  used  in  the  mixtures. 

Table  II  gives  values  obtained  by  the  proposed  method  on  5 
known  mixtures.  Synthetic  detergent  A  is  the  sodium  salt  of  a 
sulfonated  glyceryl  ester  of  a  straight-chain  fatty  acid;  B  and  C 


Tabled.  Analyses  of  Known  Soap-Synthetic  Detergent  Mixtures 


Mixture  1  Mixture  2  Mixture  3  Mixture  4  Mixture  5 


Determination 

Pres¬ 

ent 

Found 

Pres¬ 

ent 

Found 

Pres¬ 

ent 

Found 

Pres¬ 

ent 

Found 

Pres¬ 

ent 

Found 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Alcohol-soluble  matter 

77.7 

77.8 

67.8 

67.9 

74.0 

74.0 

81.1 

81.1 

74.8 

74.5 

Alcohol-insoluble  matter 

22.3 

22.4 

32.2 

32.0 

26.0 

26.0 

18.9 

18.8 

25.2 

25.2 

Soap  +  fatty  matter 

44.5 

44.3 

43.2 

43.1 

41.3 

41.2 

48.6 

48.9 

46.2 

46.2 

Fatty  matter 

1.3 

1  .  1 

4.4 

4.4 

2.0 

2.0 

1.2 

1.2 

0.8 

0.8 

Soap 

43.2 

43.2 

38.8 

38.7 

39.3 

39.2 

47.4 

47.7 

45.4 

45.4 

Chlorides 

1.2 

1.3 

4.7 

4.7 

2.6 

2.6 

1.1 

1.1 

0.8 

0.8 

Synthetic  detergent 

32,0 

32.2 

19.9 

20.1 

30.1 

30.2 

31.4 

31.1 

27.8 

27.5 

Sum  of  alcohol-insoluble 
matter,  chlorides,  soap, 
synthetic  detergent,  and 
fatty  matter 

100.0 

100.2 

100.0 

99.9 

100.0 

100.0 

100.0 

99.9 

100.0 

t 

99.7 

Type  of  soap  used 

Synthetic  detergent  used 

A 

Toilet  Soap 

B 

C 

Oleic  acid  soap 
D 

E 

ipril,  1944 
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able  III.  Analysis  of  Known  Soap-Synthetic  Detergent  Mixture 
Prepared  in  Bar  Form 

Type  of  soap,  toilet  soap.  Synthetic  detergent,  sodium  salt  of  a  sulfonated 
amide  of  a  straight-chain  fatty  acid) 


Determination 

Present 

Found 

% 

% 

Alcohol-soluble  matter 

72.1 

72.0 

Alcohol-insoluble  matter 

27.9 

27.7 

Synthetic  detergent 

23.4 

23.3 

Soap 

46.6 

46.5 

Chlorides 

2.1 

2.2 

Fatty  matter 

0.0 

0.0 

ire  sodium  salts  of  alkyl  aryl  sulfonates;  D  is  the  sodium  salt  of  a 
ulfonated  amide  of  a  straight-chain  fatty  acid;  E  is  the  sodium 
alt  of  a  sulfonated  straight-chain  hydrocarbon. 

In  order  to  guard  against  the  possibility  that  results  obtained 
)y  the  proposed  method  on  a  mixture  in  bar  form,  as  opposed 
o  mixtures  reported  in  Table  II,  might  be  incorrect,  an  addi- 
ional  sample  of  known  composition  made  up  in  bar  form  was 
jialyzed.  The  results  as  given  in  Table  111  are  of  satisfactory 
iccuracy.  The  figures  given  are  on  the  anhydrous  basis. 
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An  ordinary  pipet  is  unpleasant  to  use  with  this  solution  and 
is  slow  in  delivery.  The  apparatus  described  serves  to  solve  the 
problem  w  here  a  considerable  number  of  determinations  are  to 
be  made. 

A  constant-level  reservoir  for  the  reagent  (Figure  1,  A)  con¬ 
sists  of  a  300-ml.  flask  (or  other  convenient  size)  with  an  angular 
bottom  offset  leading  to  a  side-arm  reservoir  wide  enough  for 
insertion  of  a  10-ml.  Luer  hypodermic  syringe.  To  fill  the  res¬ 
ervoirs  the  small  one  is  stoppered  and  the  solution  is  added  to 
the  large  one,  which  is  then  securely  stoppered.  The  liquid  level 
in  the  small  reservoir  remains  constant  when  liquid  is  withdrawn 
therefrom. 

The  solution  is  removed  in  measured  volume  by  a  hypodermic 
syringe  (Figure  1,  B )  with  needle  removed,  fitted  with  &  brass 
collar  which  can  be  clamped  on  the  syringe  barrel.  A  wrapping 
of  surgical  tape  on  the  barrel  forms  a  firm  cushion  for  the  collar. 
Tw'o  vertical  rods  are  soldered  to  the  collar  and  the  limiting 
distance  to  wrhich  the  syringe  plunger  may  be  withdrawn  is 
governed  by  a  swiveling  top  bar  which  may  be  turned  aside 
when  the  plunger  is  to  be  removed.  A  stopper  around  the 
barrel  assures  its  suitable  depth  of  immersion  in  the  small 
reservoir  and  excludes  contact  between  solution  and  atmos¬ 
pheric  moisture.  A  pipet  of  similar  principle  but  not  suited 
to  the  present  purpose  was  described  by  Krogh  (1).  A  paper 
which  appeared  after  submission  of  this  note  includes  another 
design  of  apparatus  for  the  same  purpose  (2). 

For  accurate  measurement  the  plunger  must  be  inserted 
in  definite  position  of  orientation  with  respect  to  the  barrel. 
This  is  maintained  by  suitable  markings  on  the  syringe  parts. 

Tests,  using  water,  gave  four  successive  delivery  weights  of 
9.02,  9.05,  9.03,  and  9.04  grams.  No  tendency  for  the  syringe 
orifice  to  drip  during  transfer  was  encountered.  The  syringe 
should  not  be  left  overnight  without  washing,  as  there  is  danger 
of  freezing  due  to  deposition  of  antimony  trichloride.  Rubber 
stoppers  should  be  changed  periodically  because  of  attack 
by  the  reagent.  The  solution  should  be  kept  in  the  reservoir 
only  during  its  actual  use  to  avoid  possible  contamination  from 
the  rubber  stoppers. 

LITERATURE  CITED 

(1)  Krogh,  A.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  7,  130  (1935). 

(2)  Oser,  B.  L.,  Melnick,  D.,  and  Pader,  M.,  Ibid.,  15,  724-9  (1943). 


Determination  of  Carbon 

Combustion 


by  the  Low-Pressure 
Method 
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The  apparatus  for  the  low-pressure  combustion  method  of  determin¬ 
ing  carbon  in  iron  and  steel  has  been  redesigned  to  increase  the  speed 
of  manipulation.  Several  thousand  determinations  showed  results  in 
good  agreement  with  Wooten  and  Guldner’s  form  of  the  apparatus. 
A  detailed  description  of  the  equipment  and  its  manipulation  is 
given,  together  withan  accountof  experimental  studies  on  the  method. 
Results  are  also  shown  for  the  carbon  content  of  copper. 

THROUGH  the  kindness  of  Wooten  and  his  associates,  the 
method  of  carbon  analysis  described  in  his  recent  paper  (IS) 
was  shown  to  the  authors  in  the  spring  of  1938.  The  desirability 
of  securing  accurate  data  on  the  carbon  content  of  silicon  steels 
induced  them  to  investigate  the  possibilities  of  this  method  for 
types  of  steel  which  consist  largely  of  iron  with  silicon  ranging 
from  3  to  6%.  Since  that  time  about  five  thousand  determina¬ 
tions  of  carbon  have  been  run  in  this  laboratory  by  that  method, 
and  this  paper  reports  experience  with  it.  The  general  problem  of 
determining  the  carbon  in  iron  and  steel  has  been  well  discussed 
by  Lundell,  Hoffman,  and  Bright  (7).  In  most  general  use  for 
irons  and  steels  is  the  combustion  method  (pp.  157  ff.),  in  which 
the  steel  is  burned  in  a  stream  of  oxygen  and  the  resulting  carbon 
dioxide  is  absorbed  in  a  suitable  train.  There  are  many  sources  of 
error  in  this  method,  some  of  which  are  not  easily  controlled. 
These  are  reflected  in  the  relatively  large  blank,  which  is  difficult 
to  reduce  when  dealing  with  small  amounts  of  carbon  and  often 
equals  or  exceeds  the  amount  to  be  determined.  Measurement  of 
the  carbon  dioxide  formed  by  combustion  of  the  steel  has  been 
one  of  the  chief  sources  of  error.  It  is  upon  this  point  in  the  proce¬ 
dure  that  many  efforts  (6)  have  been  directed  to  reduce  the  error 
involved.  Further  comparisons  of  these  methods  are  given  below. 

APPARATUS 

The  earliest  form  of  the  authors’  apparatus  is  similar  to  Wooten 
and  Guldner’s  and  is  shown  in  Figure  1  with  Z  joined  to  Z'  and 
the  intermediate  traps  omitted,  and  without  the  cutoff  on  the 
combustion  vessel.  Various  modifications  have  been  made  of 
the  equipment,  which  at  the  present  time  is  used  in  the  form 
shown  in  Figure  2.  This  form  requires  the  use  of  only  two  mer¬ 
cury  wells,  thus  reducing  the  amount  of  mercury  required  by  a 
factor  of  2.  As  mercury  is  a  critical  costly  material  at  the  present 
time,  it  is  expected  that  the  McLeod  gage  can  be  replaced  by  a 
Pirani  gage  for  measuring  the  concentration  of  carbon  dioxide 
produced,  with  a  consequent  saving  in  mercury  and  the  con¬ 
venience  of  a  direct-reading  instrument. 

Although  Figure  2  shows  only  a  single  unit,  the  authors  actu¬ 
ally  construct  four  units  to  operate  from  a  common  oxygen  supply 
system  (Figure  3).  A  single  auxiliary  vacuum  serves  for  all  four, 
and  whereas  each  unit  requires  one  mercury  diffusion  pump,  the 
units  are  joined  to  operate  with  a  common  fore  pump.  Four 
units  are  all  a  single  operator  can  conveniently  manage.  Just 
outside  the  picture  at  the  left,  symmetrically  arranged  with  re¬ 
spect  to  the  oscillator,  is  another  unit  of  four.  Both  receive  their 
power  from  the  5-kilowatt  oscillator  shown  behind  the  operator. 

In  describing  the  apparatus,  manipulation,  and  results,  only 
the  differences  from  the  procedures  described  by  Wooten  and 
Guldner  are  emphasized;  their  publication  (13)  should  be  con¬ 
sulted  for  the  elaboration  of  details.  To  facilitate  comparison 
between  the  two  papers,  the  same  symbols  are  used  in  Figures  1 
and  2  to  designate  parts  and  equipment  functionally  the  same. 

Purification  of  Oxygen.  The  catalyst  is  contained  in  a 
Pyrex  tube  and  it  has  not  been  necessary  to  use  the  quartz  tube 
shown  in  Wooten  and  Guldner’s  apparatus.  This  catalyst  is 
active  enough  at  400°  C.  to  oxidize  all  the  carbonaceous  materials 
occurring  in  the  authors’  oxygen  gas.  The  palladium  black  cata¬ 
lyst  was  prepared  by  the  method  described  by  Farkas  and  Mel¬ 
ville  (3,  p.  338)  by  precipitation  on  broken  pieces  of  Alundum  and 


was  loaded  into  the  tube  after  preparation.  Operation  of  the  cata¬ 
lyst  at  this  low  temperature  considerably  lengthens  the  life  of  the 
furnace  used  to  heat  the  tube.  The  amount  of  oxygen  consumed 
is  small;  hence,  the  gas  from  an  ordinary  pressure  cylinder  will 
last  a  long  time  and  is  more  constant  in  composition  than  line 
oxygen. 

Although  the  authors  use  liquid  nitrogen  for  cooling  their  traps, 
and  liquefied  the  oxygen  in  their  first  experiments,  they  found 
that  they  could  obtain  oxygen  of  sufficient  purity  to  give  a  low- 
blank,  simply  by  passing  it  in  the  gaseous  state  through  the 
double  traps.  This  technique  simplifies  operation  of  the  equip¬ 
ment  and  permits  liquid  air  to  be  used  when  liquid  nitrogen  is  not 
available.  The  liquefaction  of  oxygen  permits  a  larger  amount  of 
the  gas  to  be  stored  ready  for  use,  but  a  simple  calculation  of  the 
amount  of  oxygen  consumed  by  the  burning  iron,  silicon,  etc.,  in 
the  sample  show's  that  it  is  adequately  supplied  by  the  volume  of 
gas  trapped  by  the  mercury  when  the  level  of  mercury  is  at  L3. 
The  substitution  of  stopcock  Sx  for  a  mercury  cutoff  used  in 
Wooten’s  apparatus  has  not  raised  the  blank  on  the  oxygen  bv 
any  amount  that  will  interfere  with  the  determination.  The 
grease  used  for  this  stopcock  is  Apiezon  L. 

Combustion  System.  The  combustion  chamber  used  for  the 
earlier  work  permitted  the  insertion  of  only  one  sample  into  the 
system  for  each  determination  as  shown  in  Figure  1.  The  sample 
dropped  directly  into  the  crucible  before  the  side  tube  was  sealed 
off.  The  disadvantages  are,  first,  that  air  must  be  admitted  to  the 
system  each  time  a  determination  is  run;  and  the  subsequent 
pumping  and  degassing  are  time-consuming.  The  air  carries 
carbon  dioxide  and  dust  into  the  system,  which  may  produce  an 
increase  in  the  blank.  Secondly,  the  blank  cannot  be  determined 
directly  before  the  sample  is  run  because  of  the  presence  of  the 
iron  sample  in  the  crucible,  and  if  air  enters  the  system  between 
the  running  of  the  blank  and  the  running  of  the  sample,  it  is  not 
possible  to  ascertain  whether  the  blank  has  been  changed. 

These  difficulties  wrere  eliminated  by  the  multiple  loading  sys¬ 
tem  devised  by  Benjamin  M.  Walker  of  this  laboratory,  w-hose 
innovation  speeded  the  operation  of  the  method  considerably  and 
added  to  its  precision.  The  diagrammatic  arrangement  of  this 
loading  tube  is  show-n  in  Figure  2,  and  a  photographic  close-up  is 
shown  of  one  type  of  arrangement  of  the  tubes  holding  the  samples 
in  Figure  4.  The  sample  is  held  at  a  until  a  satisfactory  blank  has 
been  obtained  on  the  apparatus,  and  then  is  transferred  by  means 
of  a  magnet  to  the  inclined  glass  tube,  w-hence  it  is  easily  moved 
until  it  falls  into  the  crucible.  The  number  of  such  samples  that 
can  be  sealed  into  the  loading  tube  at  any  time  is  limited  by  the 
number  that  will  fill  the  crucible,  and  this  is  dependent  to  some 
degree  upon  the  type  of  sample  used.  The  authors  find  that  a 
crucible  will  take  about  28  samples,  and  loading  tubes  hold  14 
samples.  The  clinkers  should  not  fill  the  crucible  higher  than 
to  w-ithin  0.6  cm.  (0.25  inch)  of  the  top.  When  the  crucible  is 
thus  filled  it  must  be  replaced  by  removing  the  top  of  the  com¬ 
bustion  vessel.  In  order  to  keep  the  equipment  in  continuous  use, 
a  duplicate  combustion  vessel  with  crucible  and  loading  tubes  with 
samples  can  be  made  ready  and  the  complete  combustion  vessel 
units  interchanged. 

The  platinum-iridium  (0.4%)  crucibles  used  were  specially  de¬ 
signed  for  the  purpose  by  J.  Bishop  and  Co.,  Malvern,  Pa.  They 
are  of  15-ml.  capacity  and  have  welded  to  the  rim  a  loop  which  al¬ 
lows  the  crucible  to  hang  9  cm.  below  the  support  in  the  combus¬ 
tion  vessel.  The  platinum  crucibles  expand  when  heated,  allow¬ 
ing  the  ceramic  liner  to  slide  down  to  a  lower  position  which  im¬ 
poses  a  strain  on  the  crucible  w-hen  it  cools  to  room  temperature. 
The  usual  crucibles  showed  a  tendency  to  crack  around  the  upper 
rim,  as  well  as  about  the  bottom.  The  high-frequency  current 
raises  the  point  of  such  breaks  to  the  melting  point  of  platinum 
w-ith  disastrous  results.  By  heavily  reinforcing  the  bottom  and 
the  rim,  this  difficulty  has  been  almost  completely  eliminated. 
At  one  time  difficulty  with  high  blanks  w-as  traced  to  a  lot  of 
crucibles  w-hich  had  apparently  been  contaminated  by  the  for¬ 
mation  of  platinum  carbide  during  manufacture.  The  blank 
could  not  be  lowered  by  a  cycle  of  repeated  ignitions  of  the  cruci¬ 
ble  in  pure  oxygen  and  pumping  off  to  a  low-  pressure,  although  the 
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pcess  was  repeated  continuously  for  several  days.  Care  should 
1  exercised  to  get  platinum  free  of  carbon. 

The  first  ceramic  liner  used  for  the  platinum  crucible  consisted 
ta  fused  silica  crucible,  the  bottom  of  which  was  covered  with 
i  undum  powder.  The  use  of  Alundum  is  objectionable  because 
c  the  blank  it  introduces  and  the  space  it  occupies  in  the  cruci- 
|i.  The  silica,  being  acidic,  is  readily  attacked  by  molten  iron 
cide,  forming  a  slag  which  shatters  the  crucible  and  destroys  its 
pfulness.  G.  H.  Porter  of  the  ceramic  laboratory  prepared 
cicible  liners  high  in  magnesium  oxide  content.  These  proved 
•\  ry  much  more  satisfactory  and  were  eventually  replaced  by  the 
ngnesia  liners  described  by  Wooten  and  manufactured  by  Nor¬ 
th  Since  that  time  Louise  Harrop  of  this  laboratory  has  pre- 
f red  beryllium  oxide  crucibles  which  are  even  more  satisfactory 
s|  liners,  by  a  method  similar  to  that  outlined  by  Thompson  and 
lillett  (11).  Dr.  Harrop’s  liners  are  slightly  smaller  in  outside 
cnensions,  permitting  a  thin  layer  of  powdered  beryllia  to  be 
iced  between  liner  and  crucible.  This  arrangement  greatly 
ilitates  the  removal  of  the  liner  from  the  platinum  crucible 
t  er  it  has  been  filled  with  combusted  samples.  The  blanks  ob- 
t  ned  on  beryllia  liners  seem  to  be  lower  than  can  be  obtained  on 
ti  magnesia.  It  is  expected  that  beryllia  liners  of  this  type  may 
I  come  commercially  available. 

Analysis  System.  The  pumping  system  consists  of  a  two- 
s ige  mercury  diffusion  pump  of  the  type  shown  by  Dushman  (2) 
id  manufactured  by  the  General  Electric  Co.  Details  of  the 
instruction  are  shown  in  his  article  (2).  The  speed  of  this  pump 
Considerably  greater  than  of  single-stage  pumps  that  have  been 
jpd.  As  backing  pump  for  four  units  the  authors  use  a  Welch 
to-stage  Duo-Seal  vacuum  pump,  Catalog  No.  1405H.  The 
imp  for  the  auxiliary  vacuum  used  to  evacuate  the  chamber 
love  the  mercury  in  the  mercury  wells  needs  to  be  capable  of 
png  to  only  a  few  millimeters’  pressure. 

Single  traps  are  often  too  inefficient  to  trap  condensed  carbon 
oxide.  The  solid  material  may  be  blown  through  the  trap  by  a 
Iw  of  uncondensed  gas.  Attempts  to  prevent  this  by  using  a 
jig  of  glass  wool  in  the  traps  made  it  exceedingly  difficult  to 
ft  a  good  vacuum.  Consequently,  this  technique  was  aban- 
( ned  in  favor  of  the  double  traps  shown  in  the  diagram. 

The  large  hollow  stopcock,  St,  with  15-mm.  bore  is  vacuum- 


tight,  of  excellent  construction,  and  can  be  obtained  from  Eck 
and  Krebs,  New  York,  N.  Y. 

The  highest  percentages  of  carbon  reported  by  Wooten  (13)  are 
approximately  0.02%.  The  authors  wished  to  analyze  sam¬ 
ples  of  steel  containing  as  high  as  0.06%  carbon.  It  is  not  easy 
to  get  a  representative  sample  of  steel  less  than  0.5  gram  nor  is  it 
convenient  to  work  with  samples  much  smaller  than  0.5  gram; 
hence,  the  authors  added  an  auxiliary  volume  (Figure  2,  V'  — 
V)  to  their  equipment,  whose  use  is  explained  below. 

They  have  used  one  1.5-kva  (output)  Lepel  Model  C-3  high- 
frequency  converter  with  a  frequency  range  170  to  500  kc.  for 
four  units.  For  more  units  they  find  it  advisable  to  use  more 
power  and  are  now  employing  for  eight  units  a  General  Electric 
5-kva  (output)  power  oscillator,  Model  4F5A4,  mean  frequency 
550  kc.  The  coil  which  surrounds  the  combustion  vessel  must  be 
designed  to  conform  with  the  characteristics’  of  the  oscillator. 
For  each  set  of  four  units  there  is  one  coil.  The  two  coils  are  con¬ 
nected  in  series  and  so  to  the  oscillator.  Air  cooling  must  be 
provided  to  keep  the  walls  of  the  combustion  vessel  from  being 
overheated  by  radiation  from  the  platinum  crucible.  The  authors 
have  used  a  small  hand  hair  dryer  clamped  in  a  support  or  a  jet 
of  air  from  the  laboratory  compressed  air  system.  An  insulating 
casing,  as  of  Herkolite,  surrounding  the  high-frequency  heater, 
is  desirable  to  prevent  the  operator  from  actually  touching  the 
turns  of  the  conductor.  Although  they  are  cold  and  a  high- 
frequency  current  does  not  produce  a  shock,  nevertheless  an  arc 
which  will  produce  a  deep  burn  can  be  drawn  by  accidental  con¬ 
tact. 

Calibrating  the  Volume.  In  this  method  the  volume  of  the 
McLeod  gage  must  be  known.  First  ascertain  that  the  system 
has  no  leaks  and  earn  the  time  required  to  evacuate  the  system 
from  5-  to  10-mm.  pressure  to  10-5  mm.  (usually  10  to  15  minutes 
with  mercury  pump  hot  at  the  start). 

Evacuate  the  system,  holding  the  mercury  down  in  both  res¬ 
ervoirs.  With  pumps  running,  open  Si  momentarily,  admitting 
a  small  mount  of  air  to  the  system.  Quickly  raise  the  mercury  in 
the  McLeod  gage,  thus  trapping  air  in  the  bulb  and  capillary  of 
the  gage.  Run  the  mercury  up  in  the  gage  and  determine  the 
pressure  of  this  trapped  gas.  Thus  a  known  volume  of  gas  is  ob¬ 
tained,  Fj,  at  a  measured  pressure,  Pi.  (The  volume  of  the  bulb 


F.  Electric  furnace  at  400°  C.  S i,  S 3,  S\,  S-0,  So,  S Ss,  Sg.  Precision-ground  stopcocks 

G.  Palladium  black  on  porous  Alundum  T.  Electric  heater  for  mercury  pump 

M .  McLeod  gage  T\,  Ti,  To,  Te,  7*7,  7*io.  Liquid  nitrogen  traps 

Afi,  Af2,  Af3.  Marks  for  confining  calibrated  volumes  T\,  Ts.  Dry  ice-acetone  traps 

N.  Platinum  crucible  T9.  Trap  filled  with  palladium  black  on  porous  Alundum 

O.  Magnesia  or  beryllia  lining  crucible  Z,  Z\  Extra  equipment  for  separating  H2,  H2O,  CO,  and  COs 

S 1.  Mercury-sealed  stopcock  for  admitting  oxygen 
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a.  Sample  pocket 

Q. 

F.  Electric  furnace  at  4003  C. 

Su 

G.  Palladium  black  on  porous  Alundum 

Sx. 

Lt,  Li,  Marks  for  confining  calibrated  volumes 

St/, 

M.  McLeod  gage 

T 

N.  Platinum  crucible 

Tt, 

O.  Magnesia  or  beryllia  lining  crucible 

Tt. 

Point  of  opening  glass  for  loading  samples 
Mercury-sealed  stopcock  for  admitting  oxygen 

Mercury-sealed  stopcock  for  dividing  oxygen  supply  to  various  units 

S 5,  S 7,  Ss.  Precision-ground  stopcocks 

Electric  heater  for  mercury  pump 

Ti,  Tz,  Ti,  Ti.  Liquid  nitrogen  traps 

Dry  ice-acetone  trap 


and  capillary  of  the  gage  were  obtained  during  its  calibration.) 
Leaving  the  mercury  up  in  the  gage  to  hold  the  trapped  gas, 
evacuate  the  remainder  of  the  system  to  10~6  mm.  This  must 
be  done  by  timing,  allowing  more  time  for  evacuation  than  the 
determined  minimum.  Raise  the  mercury  in  the  multiple  cutoff 
to  I/5,  then  lower  the  mercury  in  the  gage  and  expand  the  trapped 
gas  into  the  volume  to  be  determined.  Allow  ample  time  for  the 
gas  to  reach  equilibrium  pressure.  Now  measure  the  pressure, 
P2,  of  the  gas  in  the  unknown  volume,  Vx.  Vx  may  be  calculated 
from  the  relation 

P\V\  =  P2VX 

When  P2  is  measured,  another  volume  of  gas,  Vi,  is  trapped  at 
P2  and  the  system  may  be  evacuated  again  and  the  gas  expanded 
to  P3,  etc.  Thus  a  series  of  volume  determinations  may  be  made 
at  decreasing  pressures  from  the  one  original  portion  of  air.  The 
series  of  relations  will  be 

Pi  F,  =  PAT 
PzV,  =  P3VX 
P3V1  =  PiVx,  etc. 

in  which  Vi  is  the  volume  of  the  McLeod  gage  and  Vx  is  the 
volume  to  be  calibrated. 

PROCEDURE  FOR  ANALYSIS 

The  preparation  of  the  steel  is  the  first  important  step  in  the 
analysis.  The  authors  expected  to  have  to  reduce  the  steel  to  a 
finely  divided  powder  in  order  to  ensure  complete  combustion, 
but  they  were  unable  to  do  better  than  cut  the  silicon  steel,  usu¬ 


ally  in  the  form  of  sheets,  into  pieces  weighing  about  30  mg.  All 
other  methods  resulted  in  contamination  of  the  material  from 
the  carbon  present  in  all  the  hardened  tools  they  tried  to  use 
Later  experience  proved  that  it  was  easier  to  convey  heat  to  large 
steel  fragments  and  the  combustion  of  the  steel  was  effected  more 
easily  and  more  thoroughly.  Washing  the  sample  with  organic 
solvents  was  tried  and  eliminated  after  it  was  found  that  result1 
on  low-carbon  samples  so  treated  tended  to  be  high. 

Evacuating  the  System  (Figure  2).  Close  Si  and  turn  S, 
so  that  the  oxygen-purification  system  is  connected  with  the 
analysis  system.  Close  Si  and  start  the  oil  pump.  Partially  oper 
<S7  and  begin  to  pump  out  the  system  from  Si  to  S7.  Keep  the 
mercury  clown  in  the  walls  of  the  multiple  cutoff  and  McLeod 
gage  by  cautiously  connecting  Su  and  <S'5  to  the  auxiliary  vacuum 
line.  When  the  mercury  ceases  to  rise  from  the  two  wells,  oper 
Si  wide  and  start  the  mercury  pump.  Evacuate  the  entire  system 
until  a  pressure  of  10~5  mm.  is  reached.  Keep  trap  Tt  codec 
with  dry  ice-acetone  mixture  at  all  times. 

Admitting  Oxygen.  Close  Si,  leaving  Sx  turned  to  connect 
oxygen  supply  train  to  analysis  system.  Using  the  reducing 
valve  on  the  oxygen  tank,  place  a  slight  oxygen  pressure  on  the 
line  from  A  to  Si  (this  pressure  will  be  indicated  on  the  mercure 
safety  valve).  Raise  the  mercury  in  the  multiple  cutoff  to  L\  be 
admitting  air  through  Sv,  and  in  the  McLeod  gage  to  the  leve 
of  the  cutoff  arm  of  gage  M  by  admitting  air  through  S$.  Be 
opening  Si  slightly  and  maintaining  a  pressure  from  the  tank,  ad 
mit  oxygen  to  the  system  until  a  pressure  of  about  15  to  20  cm 
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1  been  attained.  This  pressure  will  be  indicated  by  the  mer- 
31  y  dropping  back  into  the  wells  of  the  multiple  cutoff  and  Mc- 
L.d  gage.  The  mercury  safety  valve  serves  to  prevent  excess 
assure  on  the  system  from  the  tank,  and  also  gives  a  visual  indi- 
iiion  of  pressure  which  helps  in  adjusting  S\  and  the  tank  reduc- 
r  valve  while  oxygen  is  being  admitted.  By  constant  adjust- 
nt  of  Si  and  the  tank  reducing  valve,  the  mercury  can  be  kept 
e3l  in  the  safety  valve  and  gas  admitted  to  the  system  without 
liiculty.  When  an  oxygen  pressure  of  15  to  20  cm.  has  been  at- 
,aed  in  the  system,  raise  the  mercury  in  the  multiple  cutoff 
iL3  and  connect  *S'i  to  the  auxiliary  vacuum.  Pump  out  the 
33ss  oxygen  until  the  mercury  ceases  to  rise  in  tube  7,  then 
:1  e  Si  and  Sx. 

iURNiNG  the  Sample.  By  manipulation  with  a  small  Alnico 
□  met,  move  the  sample  through  R  into  the  crucible.  Heat  the 
>1  inum  crucible  to  1200-1300°  C.  Direct  a  stream  of  air 
In  a  fan  or  compressed  air  line  onto  the  combustion  chamber  to 
cl  the  glass.  As  soon  as  the  crucible  reaches  maximum  tem- 
mture,  the  sample  will  oxidize  (if  the  silicon  content  is  high 
rugh  it  will  burn),  but  the  crucible  is  kept  hot  for  15  minutes 
9?er  to  ensure  complete  combustion  of  the  carbon.  While  the 
a  pie  is  burning,  place  liquid  nitrogen  around  Tb.  After  com- 
ntion  is  complete,  carefully  open  S7  just  enough  to  raise  the  mer- 
8/  in  tube  K,  so  that  it  is  level  with  the  mercury  in  the  two 
H3S  to  the  left  of  K  (the  difference  in  levels  is  caused  by  the 
i gen  used  in  the  combustion).  Lower  the  mercury  in  the 
jtiple  cutoff  to  Li  and  open  S7  slightly.  This  begins  the  re- 
l  ral  of  the  excess  oxygen  while  the  carbon  dioxide  is  frozen  out 
i  V  The  mercury  will  rise  slowly  in  the  multiple  cutoff,  but 
i  t  be  kept  below  K.  When  the  mercury  ceases  to  rise,  column 
’  11  again  be  level  with  the  others.  Open  S7  wide  and  pump  the 
y  em  until  a  pressure  of  10- 6  mm.  is  reached.  When  the  system 
ivaeuated,  raise  the  mercury  to  L5  and  close  S7.  Expand  the 
»’on  dioxide  into  V  by  removing  the  liquid  nitrogen  and  allow- 
liTs  to  come  to  room  temperature.  Measure  the  pressure  of  the 
aon  the  McLeod  gage,  or  if  the  pressure  is  too  high  to  read  in 
ismall  volume,  lower  the  mercury  to  Lt  and  take  the  pressure 
nhe  larger  volume,  V' . 

fter  having  obtained  the  pressure  of  the  carbon  dioxide,  lower 
l  mercury  to  Li  and  evacuate  the  system  to  a  pressure  of  10-6 
a  before  admitting  oxygen  for  the  next  sample. 


ALCULATING  THE  CARBON  CONTENT  OF  THE  SAMPLE.  Sub- 
.i  tion  in  the  following  formula  will  give  the  percentage  of 
ton  in  the  original  steel  sample. 


|  here 

r  V')  =  volume  into  which  carbon  dioxide  expands 
difference  in  height  of  mercury  levels  in  two  capillaries  of 
McLeod  gage 

)  kt,  etc.)  =  constants  for  converting  h  to  absolute  pressure 
There  will  be  a  different  constant  for  each  mark  on  the 
McLeod  gage. 
l;=  absolute  temperature 
r  weight  of  steel  sample  combusted 


, 

entage  of  carbon 


100  X  0.2729  X  273  X  44  X  V  X  h  X  k 
760  X  22,400  X  w  X  T 


ace  some  McLeod  gages  are  calibrated  directly  in  pressure 
ictual  pressure  may  be  substituted  for  (h  X  k)  which  rep- 
its  pressure  in  millimeters  of  mercury  in  this  expression, 
lall  changes  in  temperature  do  not  affect  the  value  of  the 
e  expression  appreciably.  Therefore,  for  a  fixed  weight  of 
)le  there  can  be  obtained  for  V  (or  V)  a  simple  series  of  ex¬ 
ions  for  each  calibration  mark  on  the  McLeod  gage: 

Percentage  of  carbon  =  constant  X  h 


as  is  easily  converted  to  a  graphical  form  for  quick  calcula- 

nsitivity.  Since  the  difference  in  height  of  the  mercury 
s  in  the  two  capillaries  of  the  McLeod  gage  is  the  final  meas- 
'f  the  carbon  in  the  steel,  we  may  express  the  sensitivity  of 
method  in  terms  of  the  height  of  mercury  which  corresponds 
given  carbon  content.  When  measuring  carbon  contents  in 
inge  0.02  to  0.03%,  using  a  0. 5-gram  sample  and  expanding 
arbon  dioxide  into  the  smaller  volume,  V,  a  difference  of  10 
in  the  heights  of  the  mercury  columns  at  the  highest  reading 
:  of  the  McLeod  gage  (lowest  sensitivity)  corresponds  to 
%  carbon.  When  reading  the  lowest  pressures  on  the  Mc¬ 


Leod  gage,  a  difference  of  10  mm.  corresponds  to  0.00006%  car¬ 
bon.  Obviously  the  sensitivity  of  the  method  increases  with  de¬ 
creasing  carbon  contents.  The  inherent  limitations  which  the 
authors  have  found  in  determining  carbon  arise  not  from  the 
sensitivity  of  the  measurement,  but  from  the  lack  of  uniformity  in 
the  distribution  of  carbon.  The  reproducibility  found,  working 
with  samples  in  which  the  carbon  content  is  seldom  below  0.004%, 
permits  fixing  the  carbon  content  within  ±0.0005%.  For  this 
reason  the  authors  have  been  content  to  work  with  a  larger  blank 
than  Wooten  and  Guldner.  In  general  the  blank  averages 
0.0005%.  The  blank  has  not  been  subtracted  from  any  of  the 
results  reported  in  this  paper. 

When  operations  are  started  for  the  day,  even  when  the  ap¬ 
paratus  has  stood  overnight  under  high  vacuum,  there  is  a  high 
blank,  usually  0.001%  or  higher.  After  running  one  sample  of 
steel,  the  blank  drops  and,  in  general,  continues  low  throughout 
the  day.  The  authors  can  find  no  explanation  for  this  phe¬ 
nomenon.  Actual  results  are  further  discussed  below. 

Combustion  of  Sample.  The  combustion  of  a  steel  sample  of 
high  silicon  content  will  consume  about  600  ml.  of  oxygen  meas¬ 
ured  at  20°  C.  and  200  mm.  pressure,  assuming  that  the  iron  is 
oxidized  to  Fe^CL  and  the  silicon  to  silica.  Since  the  supply  of 
oxygen  is  not  in  equilibrium  with  the  liquid  phase  but  is  shut  off 
from  the  supply  before  combustion  starts,  the  pressure  falls  by 
about  70  to  80  mm.  during  the  combustion.  No  difficulty  seems 
to  have  been  raised  by  this  change  in  technique.  The  composi¬ 
tion  of  the  clinker  remaining  as  a  residue  has  been  shown  to  be 
chiefly  Fe304  by  the  x-ray  diffraction  method. 

In  the  earliest  analyses,  the  sample  after  being  introduced  into 
the  crucible  was  heated  to  about  500°  C.  for  5  minutes  to  drive  off 
any  adsorbed  gases,  particularly  any  that  might  contain  carbon 
before  oxygen  was  admitted.  Results  obtained  from  samples 
treated  in  this  fashion  were  lower  by  about  0.001  to  0.01%  than 
those  run  without  this  preliminary  degassing,  varying  with  the 
time  of  heating  and  the  sample.  A  review  of  the  literature  ( 5 ) 
indicates  that  any  such  carbonaceous  gases  were  derived  from  a 
reaction  of  carbon  or  carbides  in  the  sample  with  oxides  on  the 
surface  or  in  the  steel. 

In  order  to  ascertain  whether  any  carbon  was  given  off  in  the 
form  of  monoxide  when  the  sample  was  heated  to  500°  C.,  two  traps 
and  a  catalyst  were  introduced  into  the  system  as  shown  from  Z 
to  Z'  in  Figure  1.  The  system  was  evacuated  and  the  sample 
heated  with  the  cutoff  on  the  combustion  vessel  closed.  After 
the  sample  had  cooled,  the  cutoff  was  opened  and  oxygen  admitted 
to  the  system.  As  the  gases  were  pumped  off,  the  water  vapor 
was  frozen  out  in  Ta,  the  carbon  dioxide  in  T7.  Any  carbon  mon¬ 
oxide  and  the  residual  oxygen  passed  over  the  palladium  catalyst 
which  was  maintained  near  200°  C.  by  a  boiling  bath  of  trichloro¬ 
benzene.  Any  water  from  hydrogen  which  might  have  escaped 
previous  combustion  was  frozen  out  in  TV  The  carbon  dioxide 
formed  over  the  catalyst  was  frozen  out  in  T6  and  measured  in  the 
usual  manner.  This  gas  is  allowed  to  escape  and  then  by  warming 
T 7  the  carbon  dioxide  previously  condensed  there  is  frozen  out 
in  Ti  and  measured. 

The  authors  had  no  means  for  measuring  the  temperature  of 
their  sample,  other  than  of  estimating  the  temperature  from  the 
color  of  its  incandescence.  Carbon  monoxide  and  carbon  dioxide 
were  both  evolved;  the  proportion  of  the  former  increased  with 
temperature  in  agreement  with  the  results  of  Ryder  ( 8 ).  How¬ 
ever,  the  composition  of  the  gas  also  varied  with  the  nature  of  the 
sample;  pure  iron  appeared  to  give  a  higher  proportion  of  carbon 
monoxide.  Experiments  conducted  in  a  vacuum  system  of 
somewhat  different  design,  provided  with  a  Toepler  pump  to- 
collect  the  gases  evolved,  indicated  that  at  1000°  C.  nearly  all  the 
carbon  could  be  driven  from  a  sample,  provided  the  percentage  of 
carbon  was  not  too  high.  Samples  of  iron  appear  to  have  enough 
oxide  on  the  surface  or  internally  to  bring  about  this  oxidation. 
Since  heating  can  remove  an  appreciable  amount  of  carbon  from 
the  sample,  the  preliminary  heating  was  dropped  and  the  sample 
combusted  without  “degassing”  the  sample  at  an  elevated  tem¬ 
perature. 
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Fisure  3.  Low-Pressure  Combustion  Apparatus  in  Pittsfield  Laboratory 


No  evidence  of  the  incomplete  oxidation  of  carbon  to  carbon 
dioxide  when  a  sample  is  burned  was  found  with  the  arrangement 
of  apparatus  in  Figure  1. 

When  the  platinum  crucible  is  heated  in  the  evacuated  combus¬ 
tion  vessel,  no  deposit  is  formed  on  the  walls  of  the  vessel.  When 
oxygen  is  present,  the  wall  becomes  brown,  then  gradually  black 
and  opaque.  The  deposit,  when  scraped  off  and  examined  by 
testing  its  diffraction  of  x-rays,  is  shown  to  be  platinum  metal 
with  some  iron  oxide  (Fe304).  Since  this  deposit  forms  only  when 
oxygen  is  in  the  system,  the  intermediate  formation  of  platinum 
oxides  seems  not  improbable  ( 9 ). 

RESULTS 

.  In  order  to  demonstrate  the  agreement  that  is  possible  with 
this  method  between  various  laboratories  and  different  operators, 
the  authors  have  compiled  the  data  shown  in  Table  I.  They  are 
indebted  to  J.  B.  Austin  of  the  United  States  Steel  Research  Labo¬ 
ratory  for  the  use  of  their  data.  Each  “series”  was  run  on  one  or 
more  different  apparatus  or  on  apparatus  completely  dismantled 
and  rebuilt.  The  data  have  been  obtained  over  a  fairly  long 
period  of  time.  The  results  grouped  as  “I  Pittsfield  G.  E.  (3 
operators)”  were  accumulated  over  many  months  and  on  more 
than  one  apparatus.  The  operators  included  high-school  gradu¬ 
ates  as  well  as  chemists  with  postgraduate  training. 

The  summary  attempts  to  show  how  these  six  averages  com¬ 
pare  with  the  thirteen  reported  on  the  Bureau  of  Standards 
certificate  for  sample  55a.  These  results  were  obtained  by  selected 
cooperators  who  (with  one  exception)  used  the  classical  combus¬ 
tion  method.  After  preliminary  results  are  submitted  by  coopera¬ 
tors,  the  bureau  customarily  requests  additional  tests  when  re¬ 
ports  deviate  too  grossly  from  the  mean. 

The  results  reported  for  the  low-pressure  combustion  method 
represent  all  those  obtained  with  the  three  exceptions  noted.  The 
elimination  of  the  six  values  as  indicated  in  Table  I  does  not  affect 
the  mean  of  the  six  averages  appreciably.  The  spread  of  the  six 


averages  reported  is  0.0014%  (Table  II)  compared  with  0.00- 
for  the  bureau’s  cooperators.  The  average  deviation  is  ±0.0001 
compared  with  0.001%  (the  fourth  decimal  place  is  not  repor 
on  the  bureau  certificate,  hence  this  comparison  is  not  stric 
fair). 


Table  I.  Summary  of  Results  for  Carbon  Analysis 


(Bureau  of  Standards  Sample  55a) 


Series  Reported  by 

1  Bell  Telephone  Lab¬ 

oratories  (13) 

2  II  Brackenridge  G. 

E.  (E.  J.  Fitz) 

3  I  Brackenridge  G.  E. 

(E.  J.  Fitz) 

4  U.  S.  Steel  Corp.  (J. 

B.  Austin) 

5  I  Pittsfield  G.  E.  (3 

operators) 

6  II  Pittsfield  G.  E. 

(L.  Casali) 

Unweighted  mean  of  six 


No.  of 
Deter- 

mina-  Average, 

tions  % 

10a  0.0108 

8  0.0109 

1 1  &  0.0109 

10&  0.0116 

ioi>  0.0121' 

12  0.0122' 

averages  0.0114 


Spread 


Aver¬ 

High- 

Sta 

age 

est- 

at 

Devia¬ 

Low- 

Dei 

tion 

est 

tic 

X  103 

X  103 

a  X 

0.1 

0.4 

0. 

0.4 

1.1 

0. 

0.2 

0.8 

0. 

0.2 

0.8 

0. 

0.3 

1.3 

0. 

0.4 

1.9 

0. 

“  Including  additional  value,  0.0110,  sent  by  Wooten. 

6  After  rejecting  two  values  whose  deviation  from  mean  exceeds  four  ti 
average  deviation  of  rest  of  group. 

c  Averages  in  5  and  6  on  different  samples  of  standard  55a. 


Table  II.  Carbon  Analysis 


(Comparison  of  six  averages  of  Table  I  with  thirteen  averages  reportec 
B.  of  S.  certificate  55a) 


%  Car- 

Mean 
Devia¬ 
tion  of 
Averages 

Spread 

X  10» 
(High¬ 
est- 

Vali 

R< 

bon 

X  103 

Lowest) 

porl 

Recommended  value  B.  of  S.  cer- 

tificate 

0.014 

1.0 

4.0 

If 

Mean  of  averages  (Table  I) 

0.0114 

0.6 

1.4 

(j 

pril,  1944 
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Table  III.  Carbon  in  3%  Silicon  Steel,  Sample  A 

Determined  Carbon  Value 


29  Determinations  Run  on  Eight 
Units  at  Pittsfield  (3  Operators) 


% 

% 

0.0034 

0.0027 

0 . 0029 

0.0035 

0 . 0027 

0 . 0029 

0.0027 

0.0028 

0.0032 

0 . 0040 

0.0034 

0.0040 

0.0026 

0.0041 

0 . 0029 

0.0034 

0 . 0028 

0 . 0032 

0.0031 

0.0028 

0.0033 

0.0031 

0.0031 

0.0029 

0.0035 

0.0027 

0 . 0033 

0.0031 

0.0031 

Av.  0.0031 

•  erage 

deviation  ±0.0003 
andard 

deviation  ±0.0004 


21  Determinations  Run  on  Four  Units 
at  Brackenridge  (3  Operators) 


% 

% 

0 . 0027 

0 . 0042 

0 . 0023 

0 . 0035 

0.0036 

0.0029' 

0 . 0027" 

0.0026' 

0 . 0027" 

0.0038' 

0.0030“ 

0.0029' 

0 . 0038 

0 . 0035 

0 . 0033 

0 . 0026 

0 . 0026" 

0 . 0032 

0.0033" 

0.0029' 

0.0042 

Av.  0.0032 
±0 . 0005 
±0 . 0005 


1“  High-carbon  samples  interspersed  with  these  runs. 


Table  V.  Analysis  of  High’-Manganese  (14.4%)  Iron  Alloy 

Before  Treatment  After  Treatment 


Wt.  of 

Carbon, 

Wt.  of 

Carbon, 

sample 

sample  I 

sample 

sample  II 

Gram 

% 

Gram 

% 

0.05 

0 . 0206 

0.05 

0.6191 

0.1 

0.0178 

0.05 

0 . 6502 

0.2 

0.0155 

0.1 

0 . 6780 

Carbon 

Determined 

Sample  II,  %  C  after 

treatment  0 . 649 

Sample  I,  %  C  before 

treatment  0.018 

Carbon  added  by  treat¬ 
ment  0.631 


Carbon  by 

versus  Weight  Increase 

Sample  II,  %  gain  in 

weight  0 . 65 

Sample  II,  %  B  added  by 

treatment  0 . 02 

Gain  in  weight  corrected 

for  B  0 . 63 


A  difficult  question  to  settle  in  the  determination  of  carbon  is 
whether  all  the  carbon  is  removed  from  the  sample  in  the  course  of 
a  combustion.  In  Table  V  are  shown  the  results  obtained  in  the 
recovery  of  carbon. 


Tabic  IV.  Carbon  in  3%  Silicon  Steel,  Sample  B 


I  andard  combustion  value,  0.006%  carbon.  Eight  units,  two  operators. 


Percentage  Carbon 

Date 

Unit 

Blank  (before) 

Value  Blank  (after) 

Portion  *4,  n 

=  11 

12-4-43 

A 

0.0010 

0.0036 

0.0006 

12-4-43 

C 

0 . 0006 

0 . 0046 

0.0007 

12-4-43 

D 

0.0006 

0 . 0043 

0.0006 

12-6-43 

A 

0 . 0006 

0.0040 

0 . 0006 

12-6-43 

C 

0 . 0007 

0.0042 

0.0011 

12-7-43 

D 

0 . 0009 

0.0038 

0 . 0006 

12-14-43 

B 

0 . 0005 

0.0043 

0 . 0006 

12-14-43 

C 

0.0005 

0.0041 

0 . 0007 

12-14-43 

D 

0.0008 

0.0051 

0.0009 

12-15-43 

B 

0 . 0006 

0 . 0044 

0.0006 

j  12-15-43 

B 

0.0006 

0 . 0048 

0 . 0007 

Av. 

0 . 0044 

Standard  deviation 

±0.0004 

Portion  B,  ;i 

=  9 

12-20-43 

E 

0.0009 

0 . 0036 

0.0004 

12-23-43 

E 

0.0004 

0.0050 

0 . 0008 

12-23-43 

F 

0 . 0005 

0 . 0036 

0.0005 

i  12-23-43 

G 

0.0004 

0 . 0042 

0 . 0005 

12-29-43 

F 

0 . 0004 

0.0041 

0 . 0006 

12-29-43 

G 

0.0006 

0.0041 

0 . 0005 

12-29-43 

H 

0.0007 

0.0037 

0.0006 

1-8-44 

B 

0 . 0005 

0 . 0042 

0.0007 

1-11-44 

B 

0.0005 

0.0038 

0 . 0007 

1 

General 

General 

av.  O.OOO61 

Av.  0 . 0040  av. 

0 . 0006s 

Standard  deviation  =*=0.0004 


The  most  striking  feature  of  the  comparison  is  the  fact  that 
ie  average  by  the  method  under  discussion  is  0.011%  compared 
ith  0.014%  reported  by  the  bureau  certificate.  In  general,  it 
:  ts  been  the  authors’  experience  that  their  results  by  this  method 
1  Bureau  of  Standards  samples  containing  up  to  0.3%  carbon 
I  /erage  a  few  thousandths  of  a  per  cent  lower  than  the  certificate 
dues  which  are  usually  obtained  by  the  classical  combustion 
Method.  It  is  their  opinion  that  occasional  “wild”  values  ob- 
ined  on  even  a  carefully  prepared  well-mixed  sample  of  steel 
>me  from  a  lack  of  uniformity  in  the  distribution  of  carbon  in  the 
mple.  It  becomes  evident  with  this  method  because  of  the 
nail  size  of  samples  taken  for  chemical  analysis. 

Finally,  series  2,  3,  and  6  obtained  by  the  authors’  operators 
‘OW  somewhat  poorer  consistency  than  series  1  and  4.  This 
•obably  reflects  the  effort  to  reduce  the  time  required  per  de- 
rmination  and  represents  a  slight  sacrifice  of  accuracy  in  favor  of 
teed.  This  is  further  discussed  below. 

In  Tables  III  and  IV  are  given  typical  sets  of  data  to  show  the 
producibility  that  may  be  obtained  with  3%  silicon  steel.  All 
tta  over  a  given  period  of  time  are  reported  in  both  tables,  with 
e  exception  of  one  very  high  value  on  portion  A,  Table  IV. 
he  precision  of  the  authors’  method  seems  to  be  consistent  as 
easured  by  the  standard  deviation  reported  in  Tables  I,  III, 
iid  IV. 


Two  samples  of  high-manganese  iron  wire  with  weights  shown 
were  submitted  by  H.  H.  Uhlig  of  the  G.  E.  Research  Laboratory 
in  Schenectady,  who  had  observed  a  gain  in  weight  under  treat¬ 
ment  which  could  be  attributed  to  boron  or  carbon  (lower  right 
column).  These  data  were  not  known  to  the  authors  at  Pitts¬ 
field,  and  the  carbon  found  by  combustion  was  reported  as  given 
in  the  two  upper  columns.  Boron  was  found  in  the  wire,  hence 
the  gain  in  weight  due  to  carbon  is  shown  in  the  lower  right 
column.  This  checks  well  with  the  authors’  analysis.  The  spread 
in  their  carbon  values  in  the  upper  two  columns  may  be  attributed 
to  ununiform  distribution  of  carbon  as  well  as  to  the  difficulty  of 
completely  burning  the  sample. 

DISCUSSION 

The  time  required  for  a  determination  by  this  method  as  de¬ 
scribed  by  Wooten  and  Guldner  is  not  stated  in  their  paper.  The 
authors  found  that  with  the  apparatus  described,  consisting  of  a 
single  unit  with  one  operator,  a  determination  averaged  about  2 

hours,  though  under  exceptional 
circumstances  they  have  been  able 
to  average  about  one  determination 
per  hour  through  a  single  8-hour 
day.  A  single  operator  can,  how¬ 
ever,  manage  about  four  units,  pro¬ 
vided  he  does  not  prepare  and  weigh 
the  samples.  With  an  assistant  to 
prepare  the  samples,  it  is  possible  on 
the  present  equipment  to  average 
a  single  determination  every  half 
hour.  A  set  of  four  units  such  as 
the  authors  have  been  using  about 
2  years  is  shown  in  Figure  3.  Their 
experience  has  indicated  that  intelli¬ 
gent  high  school  graduates  can  op¬ 
erate  this  equipment  satisfactorily 
under  the  guidance  of  technically 
competent  college  graduates.  When 
large  amounts  of  data  must  be  ac¬ 
cumulated  for  statistical  studies  or 
production  control,  time  and  cost 
factors  must  be  considered  and  will 
determine  the  feasibility  of  the 
analytical  method. 

The  authors  have  attempted  to 
adapt  some  of  the  older  methods  for 
carbon  determinations.  When  the 
carbon  and  carbides  are  first  sepa¬ 
rated  by  dissolving  the  steel  in 
potassium  copper  chloride  (7,  p. 
179)  the  amount  of  carbon  recovered 
varied  directly  with  the  time  the 
sample  was  centrifuged.  Appar- 


0  s 


Figure  4.  Combustion 
Chamber,  Showing  Mul¬ 
tiple  Loading  System 
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Table  VI. 

Carbon  Content  of  Pure  Copper 

Carbon 

Specimen  A 

Specimen  B 

% 

% 

Sample  I 

0.0017 

0.0015 

Sample  II 

0.0016 

0.0025 

Av.  0.0017 

0.0020 

ently  some  of  the  carbon  separates  in  a  form  which  tends  to 
remain  in  suspension  and  is  filtered  off  on  sintered  glass  only  with 
difficulty. 

The  barium  hydroxide  method  (7,  p.  172)  has  been  tried,  but 
with  the  type  of  absorber  shown  in  Figure  39  (7,  p.  173)  it  seemed 
impossible  to  get  complete  absorption  of  the  carbon  dioxide  with 
any  reasonable  adjustment  of  oxygen  flow,  concentration  of 
barium  hydroxide,  etc.  (1).  It  is,  therefore,  necessary  to  use  an 
empirical  factor  in  calibrating  the  standard  solution  for  this 
method,  and  the  factor  will  change  with  any  of  a  number  of 
variable  circumstances.  The  method  does  not  recommend  itself 
to  the  determination  of  small- amounts  of  carbon.  Attempts  to 
improve  the  efficiency  of  absorption  and  to  finish  the  analysis 
gravimetrically  usually  result  in  increasing  the  length  of  the 
method  to  an  inconvenient  degree  {12).  Good  results  were  re¬ 
ported  by  Thanheiser  and  Dickens  {10)  using  barium  hydroxide 
as  an  absorbent  for  iron  and  steel  containing  a  few  thousandths  of 
a  per  cent  carbon.  However,  large  samples  of  about  10  grams 
are  required  to  secure  the  desirable  accuracy,  and,  when  the 
size  of  the  sample  is  decreased,  there  is  a  correspondingly  large 
decrease  in  the  accuracy  of  the  results. 

CARBON  IN  COPPER 

The  only  values  given  in  the  literature  for  the  solubility  of 
carbon  in  copper  are  those  of  Floe  and  Chipman  (4).  The  auth¬ 
ors  were  asked  to  determine  the  carbon  content  of  a  sample  of 


high-purity  copper  prepared  in  the  laboratory  by  melting  in 
graphite  crucible  under  an  atmosphere  of  nitrogen.  When  copp 
oxidizes,  the  heat  of  the  reaction  is  less  than  for  the  oxidation 
iron,  and  the  copper  does  not  burn.  However,  it  is  possible 
oxidize  it  completely  under  the  conditions  described  above  f 
iron.  The  results  on  two  samples  of  copper  prepared  as  just  d 
scribed  are  shown  in  Table  VI. 
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Determination  of  Carbon  in  Low-Carbon  Steel 

Precision  and  Accuracy  of  the  Low-Pressure  Combustion  Method 

R.  W.  GURRY  AND  HASTINGS  TRIGG1,  Research  Laboratory,  United  States  Steel  Corporation  of  Delaware,  Kearny,  N.  J. 


The  precision  of  the  low-pressure  combustion  method  described  ap¬ 
pears  to  be  at  least  three  times  that  of  the  standard  combustion 
method  when  used  on  low-carbon  steel.  Its  accuracy,  as  determined 
by  direct  calibration  on  Iceland  spar,  is  about  0.0007%  carbon, 
again  about  three  times  that  of  the  standard  combustion  method. 

THIS  paper  reports  the  results  of  a  number  of  tests  of  the  pre¬ 
cision  and  accuracy  of  the  low-pressure  combustion  method 
for  carbon  described  by  Wooten  and  Guldner  {2).  The  apparatus 
and  procedure  are  virtually  identical  with  those  of  Wooten  and 
Guldner,  except  that  large  single  traps  are  used  instead  of  smaller 
double  ones,  and  during  evacuation  of  the  system  after  burning  a 
sample  the  U-seal  between  the  combustion  and  measuring  section 
of  the  apparatus  is  closed  at  a  pressure  of  0.1  mm.  of  mercury,  so 
that  water  may  not  be  carried  from  the  trap  at  dry  ice  tempera¬ 
ture  to  the  one  in  which  carbon  dioxide  is  condensed. 

PRECISION 

The  precision  attainable  by  this  method  is  well  illustrated  by 
the  analyses  of  National  Bureau  of  Standards  Sample  55a  re¬ 
ported  by  Murray  and  Ashley  {1,  Table  I).  The  authors  have 

*  Present  address,  Carnegie-Illinois  Steel  Corp.,  Ohio  Works,  Youngs¬ 
town,  Ohio. 


also  investigated  the  precision  relative  to  that  of  the  commoi 
combustion  method  on  four  samples  of  steel,  which  proved  tc 
range  in  carbon  content  from  0.015  to  0.026%.  These  were  sub 
mitted  for  analysis  to  four  laboratories  which  use  the  ordinan 
combustion  method,  all  accustomed  to  analyzing  steels  of  this 
type,  so  that  the  results  which  each  reports  may  be  assumed  to  be 
reasonably  representative  of  the  precision  that  his  procedure  is 
capable  of  yielding.  These  results  are  given  in  Table  I,  columns 
A  to  D ;  the  authors’  results  by  the  low-pressure  method  are  in 
column  E. 

For  each  laboratory  the  mean  for  each  sample  was  calculated 
and  the  deviation,  A,  from  this  mean  tabulated;  for  the  sake  of 
clarity  these  deviations  have  all  been  multiplied  by  1000.  The 
average  deviation  from  the  mean  for  all  samples  done  by  each 
laboratory  was  calculated  from  the  arithmetic  sum  of  the  indi¬ 
vidual  deviations — that  is,  without  regard  to  the  sign  of  each. 
This  average  is  a  measure  of  the  precision  of  the  analysis  reported 
by  each  laboratory. 

On  the  basis  of  these  data,  it  is  concluded  that  the  precision  of 
the  low-pressure  method  is  in  general  about  =*=0.0005%  carbon, 
although  under  favorable  circumstances  it  may  approach  the 
value  of  the  blank  (about  0.0002),  and  that  it  is  at  least  three 
times  as  good  as  that  of  the  ordinary  combustion  method. 
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The  authors’  general  experience  with  the  low-pressure 

nthod,  in  which  a  0.5-gram  sample  is  used,  leads  Table  I.  Comparison  of  Carbon  Determinations 


t  m  to  believe  that  there  may  be  actual  differences 
h  carbon  content  of  samples  nominally  identical  unless 
t  y  are  prepared  and  handled  with  meticulous  care; 
cisequently  the  precision  of  the  result  may  be  limited 
lc;  by  that  of  the  method  than  by  the  reproducibility, 
nh  respect  to  actual  carbon  content,  of  the  sample 
adyzed. 

ACCURACY 

I 

fhe  accuracy  of  a  method  of  analysis  can  be  gaged  in 
ti.ee  ways:  (1)  by  comparison  of  the  results  with  those  of 
o  er  methods;  (2)  by  analysis  of  a  standard  sample 
Rose  composition  has  been  determined  by  a  number  of 
derent  analysts,  preferably  using  different  methods;  or 
(:  by  analysis  of  a  suitable  pure  compound,  the  com- 
pition  of  which  is  fixed  and  reproducible.  All  three 
nthods  have  been  used  in  the  present  case. 

Ln  indication  of  the  accuracy  of  the  low-pressure  method 
mtive  to  that  of  the  common  combustion  method  can  be 
dived  from  Table  I  by  comparing  the  results  of  the 
sueral  analysts  with  a  grand  weighted  average.  In  doing 
fcb  the  question  always  arises  as  to  who  decides  how  the 
*  ghting  is  to  be  done.  The  authors  have  followed  an 
l  icrsonal  procedure,  frequently  used,  in  which  to  each 
i  rage  is  attached  a  weight  inversely  proportional  to  the 
i  rage  deviation  from  the  mean  of  the  individual  results 
in  which  that  mean  was  derived.  Analyzing  the  data 
i  Table  I  on  this  basis,  they  multiply  for  each  sample 


(By  four  laboratories  and  by  the  present  procedure,  on  four  samples  of  steel.  The 
deviation,  A,  in  each  case  is  the  deviation  X  1000  from  the  mean  obtained  for  each 
sample  by  that  laboratory.) 


No.  of 
Sample 


Standard  Procedure  in  Laboratory 
A  B  C  D 


Low-Pressure 

Method 

E 


% 

A 

I 

0.019 

0 

0.018 

-1 

0.020 

0.034“ 

0.031“ 

+  1 

Mean 

0.019o 

II 

0.011 

-3 

0.014 

0 

0.015 

+ 1 

0.016 

+  2 

0.013 

-1 

0.014 

0 

Mean 

0.013s 

III 

0.020 

0 

0.020 

0 

0.019 

- 1 

0.019 

-1 

0.020 

0 

0.022 

+  2 

Mean 

0.020o 

IV 

0.026 

0 

0.026 

0 

0.027 

+  1 

0.027 

+  1 

0.027 

+  1 

0.026 

0 

Mean 

0.026s 

Average 

deviation 

0.8 

Maximum  deviation 

3 

% 

A 

% 

A 

0.016 

—  1 

0.025 

-1 

0.016 

-1 

0.020 

-6 

0.014 

-3 

0.024 

-2 

0.020 

+  3 

0.032 

+  6 

0.018 

+  1 

0.027 

+  1 

0.016s 

0 . 0256 

0.012 

+  1 

0.011 

-1 

0.012 

+  1 

0.011 

-1 

0.010 

-1 

0.011 

-1 

0.011 

0 

0.013 

+  1 

0.011 

0 

0.012 

0 

O.Olh 

0.011s 

0.024 

-1 

0.023 

0 

0.026 

+  1 

0.022 

-1 

0.026 

+  1 

0.023 

0 

0.025s 

0 . 022v 

0.024 

0 

0.029 

0 

0.024 

0 

0.030 

+1 

0.024 

0 

0.029 

0 

0 . 024o 

0.029s 

0.9 

1.4 

3 

6 

% 

A 

% 

A 

0.028 

+  4 

0.0165 

-0.2 

0.028 

+  4 

0.0162 

-0.5 

0.027 

+3 

0.0173 

+0.6 

0.015 

-9 

0.0171 

+0.4 

0.024 

0 

0.0166 

-0.1 

0.023 

-1 

0.0164 

-0.3 

0.0242 

0.0167 

0.019 

0 

0.0170 

-0.1 

0.017 

-2 

0.0169 

-0.2 

0.017 

-2 

0.0175 

+  0.4 

0.025 

+  6 

0.0171 

0 

0.018 

-1 

0.0173 

+  0.2 

0.018 

-1 

0.0169 

-0.2 

0 . 019o 

0.0171 

0.018 

-2 

0 . 0200 

-0.5 

0.020 

0 

0.0199 

-0.6 

0.021 

+  1 

0.0217 

+  1.2 

0.019: 

0 . 0205 

0.027 

0 

0 . 0260 

0 

0.027 

0 

0.0256 

-0.4 

0.028 

+  1 

0.0264 

+  0.4 

0.027s  0.0260 

2.1 

0.3 

9 

1.2 

a  Not  included  because  deviation  is  so  much  greater  than  in  all  other  results  of 
laboratory  A. 


tl  mean  for  each  laboratory  by  the  appropriate  weighting 
ffltor  (the  reciprocal  of  the  average  deviation),  and  divide  the 
m  of  these  products  by  the  sum  of  the  weighting  factors 


Table  II.  Deviation  (X  1000)  of  Weighted  Mean  from  Average  of 

Laboratory 

Sample  ABODE 


[Ire  6.88).  The  resulting  grand  average  is  given  here: 


(Low-Pressure 

Method) 


Average  De¬ 
viation  X 
1000  (from 

Weighting 

Grand  Weighted  Average  for  Samples 

Table  I) 

Factor 

1  11 

III 

IV 

L 

5 

h 

0.8 

0.9 

1.4 

1.25 

1.11 

0.71 

0.0186  0.0151 

0.0214 

0.0261 

p 

2.1 

0.3 

0.48 

3.33 

6.88 

I 

+0.4 

-1.8 

+7.0 

+5.6 

-1.9 

II 

-1.3 

-3.9 

—  3.5 

+3.9 

+2.0 

III 

-1.4 

+3.9 

+  1.3 

-1.7 

—  0.9 

IV 

+  0.4 

-2.1 

+3.2 

+  1.2 

-0.1 

(%  C) 

-0.0005 

-0.0010 

+0.0020 

+0.0022 

-0.0002 

of  carbon  in  Sample  55a,  instead  of  providing  the  desired  check 


The  deviation  of  each  laboratory’s  mean  from  the  grand 
R  ghted  average  for  each  sample  is  shown  in  Table  II.  The  mean 

i  iation  shown  at  the  bottom  of  the  column  for  each  laboratory 
m  derived  by  dividing  the  algebraic  sum  of  the  deviations  for 

ii  four  samples — that  is,  with  consideration  of  the  sign  of  each — 
o  four.  This  mean  deviation  from  the  grand  weighted  average 
1  only  indicates  the  accuracy  of  a  particular  laboratory,  but 
l)  shows  whether  that  laboratory  tends  to  report  high  or  low 
rues.  On  this  basis,  the  low-pressure  method  has  an  accuracy 
)  wice  to  ten  times  that  of  the  usual  combustion  method  as  car- 
ril  out  by  the  various  laboratories. 

is  regards  the  second  method  of  calibration,  it  was  believed 
l  irst  that  a  Bureau  of  Standards  sample  would  provide  a  suit- 
lb  standard.  Accordingly,  the  authors  selected  Sample  55a, 
i  certified  carbon  content  of  which  is  0.014%,  although  the 
rues  reported  by  the  laboratories  which  cooperated  with  the 
Ireau  in  standardizing  this  sample  ranged  from  0.012  to  0.016%. 
L  er  they  found  that  several  other  laboratories  which  use  the 
t -pressure  method  likewise  had  been  using  this  sample  as  a 
ludard.  The  results  of  all  these  determinations  are  summarized 
»  Murray  and  Ashley  ( 1 )  and  range  from  0.0108  to  0.0122% 
*h  a  mean  of  0.0114,  which  is  significantly  lower  than  the 
*:ificate  value,  though  just  at  the  lower  limit  of  the  range  cov- 
ul  by  the  bureau’s  collaborators.  The  authors’  general  experi- 
■e  indicates  that  analyses  made  by  the  low-pressure  method 
simonly  yield  a  carbon  content  slightly  lower  than  that  ob- 
*  red  by  the  ordinary  combustion  method.  The  determinations 


on  the  accuracy  of  the  low-pressure  method,  have  rather  cast 
doubt  upon  the  accuracy  of  the  certificate  value  which  should 
certainly  now  be  reconsidered. 

In  view  of  the  results  on  Sample  55a,  special  attention  was  paid 
to  the  third  method  of  calibration,  which  was  an  absolute  deter¬ 
mination  of  the  amount  of  carbon  dioxide  evolved  from  a  crystal 
fragment  of  pure  calcium  carbonate  (Iceland  spar).  A  small 
crystal  of  analytical  grade  Iceland  spar,  carefully  weighed  on  a 
microbalance,  was  placed  in  the  magnesia  crucible,  oxygen  was 
admitted,  and  the  carbon  dioxide  determined  by  the  standard 
procedure,  special  attention  being  paid  to  the  rate  of  heating. 
The  temperature  of  the  crucible  was  raised  from  about  600°  to 
1100°  C.  over  a  period  of  about  20  minutes,  after  which  it  was 
maintained  at  this  temperature  for  another  20  minutes  before  the 
carbon  dioxide  was  collected. 

The  results  of  four  such  analyses  (Table  III)  indicate  that  the 
average  deviation  of  the  observed  amount  of  carbon  dioxide  from 
that  calculated  is  0.03  X  10~6  mole  of  carbon  dioxide,  equivalent 
to  0.0036  mg.  of  carbon,  which  for  a  0.5-gram  sample  corresponds 
to  0.0007%  carbon.  On  this  basis,  therefore,  so  long  as  the  gas 
finally  measured  is  substantially  pure  carbon  dioxide,  the  accu¬ 
racy  of  the  method  seems  to  be  of  the  same  order  as  its  precision, 
since  the  average  deviation  shown  in  Table  I  is  0.0003%  carbon. 

COMPOSITION  OF  GAS  COLLECTED 

Before  one  can  claim  for  the  analysis  of  a  steel  the  accuracy 
indicated  by  the  evolution  of  carbon  dioxide  from  Iceland  spar, 
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Table  III.  Absolute  Standardization  with  Iceland  Spar  (Calcium  Carbonate) 


co2 

Evolved 


(Pressure 
in  Volume 

Tem¬ 

pera- 

-Carbon  Dioxide - 

CaCOs 

Weighed  on 

251.9  Ml.) 

ture 

Observed 

Calculated3 

Difference 

Mg. 

Mm. 

0  c. 

Mole 

Mole 

Mole 

1.9 

Analytical 

balance 

1.460 

30 

1.95  X  10 '5 

1.9o  X  10'5 

+  0.05  X  10-5 

1.04; 

Microbalance 

0.784 

29 

1.05 

1.04 

+0.01 

1 . 25o 

Microbalance 

0.918 

28 

1.23 

1.25 

-0.02 

1 .936 

Microbalance 

1 . 393 

28 

1.87 

1.93 

Mean 

-0.06 

0.03 

0.5  gram  of  steel  containing  0.05%  carbon  gives  2.08  X  10  ~  mole  CO2. 


it  is  necessary  to  show  that  the  material  collected  in  the  liquid 
nitrogen  trap  contains  nothing  other  than  carbon  dioxide.  That 
this  is  in  fact  true  has  been  demonstrated  by  analysis  of  the  con¬ 
densed  material  by  means  of  a  fractional  vaporization  method 
based  upon  the  fact  that,  as  the  temperature  of  the  trap  is  slowly 
raised,  there  is  for  each  condensed  substance  a  characteristic 
temperature  at  which  it  vaporizes  to  cause  a  marked  increase  in 
the  gas  pressure  of  the  system. 


To  carry  out  such  a  test,  the  trap  was  fitted  with  a  copper 
shield,  which  helped  to  equalize  the  temperature,  to  which  was 
attached  a  thermocouple.  After  combustion  of  a  sample  the  ex¬ 
cess  oxygen  was  evacuated  and  the  mercury  levels  were  raised  to 
isolate  the  calibrated  volume.  The  trap  was  then  quickly  sur¬ 
rounded  by  an  empty  Dewar  vessel  which  allowed  it  to  warm  only 
very  slowly,  and  at  suitable  intervals  the  pressure  was  measured 
by  means  of  the  McLeod  gage.  For  the  materials  condensed 
from  the  combustion  of  Bureau  of  Standards  Sample  55a,  which 
contained  0.02%  sulfur  and  might  have  been  expected  to  yield  a 
little  sulfur  dioxide,  the  result  of  these  measurements  is  shown 
by  curve  A,  Figure  1. 


The  pressure,  hence  the  number  of  moles  of  gas  in  the  system, 
remained  low  up  to  about  —120°  C.,  at  which  temperature  there 
was  a  relatively  sudden  increase  to  a  pressure  corresponding  to 
the  production  of  about  4.5  X  10' 6  mole  of  gas;  further  increase 
of  temperature  up  to  0°  C.  produced  no  further  significant  in¬ 
crease  in  the  amount  of  material  vaporized.  The  corresponding 
behavior  of  the  condensate  from  the  Iceland  spar  is  shown  by  B, 
Figure  1.  Had  any  sulfur  dioxide  or  trioxide,  or  any  other  con¬ 
densable  substance,  been  present  there  would  have  been  at  a 


stopcock  to  an  evacuated  filter  flask.  \\ 
the  stopcock  closed,  a  small  amount 
purified  acetone  is  poured  over  the  milling 
the  tube;  the  stopcock  is  then  opened  £ 
the  acetone  slowly  sucked  away.  Afte 
minimum  of  three  such  washings  the  sam 
is  placed  in  a  vacuum  desiccator  and  k 
overnight  at  a  pressure  of  about  1  mic: 
(10“3  mm.  of  mercury).  In  earlier  wo 
ether  was  used  instead  of  acetone,  but  its 
was  discontinued  when  it  was  found  that 
humid  weather  evaporation  of  the  et 
chilled  the  metal  enough  to  cause  an  unde 
ably  copious  condensation  of  moisture.  I 
question  has  also  been  raised  as  to  wheti 
some  trace  of  acetone  may  not  remain  i 
sorbed  or  occluded  on  the  sample,  but  dir 
comparison  of  the  carbon  content  of  a  numl 


of  washed  samples  with  that  of  samples  carefully  cleaned  but  i 
washed  indicates  that  when  the  washing  is  properly  carried  ( 
the  acetone  remaining  is  not  sufficient  to  increase  significan 
the  carbon  present. 


Figure  1.  Fractional  Vaporization  of  Condensed 
Carbon  Dioxide 


somewhat  higher  temperature  another  knee  in  these  curves,  as 
Wooten  demonstrated  by  intentionally  adding  a  little  sulfur  di¬ 
oxide  to  the  system. 

Curve  A  indicates  a  slight  evolution  of  gas  between  0°  C.  and 
room  temperature,  an  increase  which  is  not  evident  in  B.  This 
increase,  which  was  noted  in  all  such  runs  on  steel,  indicates  the 
evolution  of  less  than  2%  of  some  other  gas,  presumably  water 
vapor.  It  is  evident  therefore  that  the  gas  condensed  in  the  trap 
during  combustion  of  a  steel  is  virtually  pure  carbon  dioxide. 

The  authors  have  also  investigated  the  influence  of  two  steps  in 
the  procedure  upon  the  accuracy  of  the  result.  The  first  is  the 
matter  of  washing  the  sample  to  remove  superficial  dirt  and 
grease,  which  must  be  taken  into  account,  since  the  surface  of 
the  sample  is  usually  large  and  may  therefore  hold  a  relatively 
large  quantity  of  carboniferous  material. 


1  he  other  question  considered  is  whether  the  true  blank  value 
that  is,  with  the  high  crucible  temperature  resulting  from  t 
burning  of  a  sample — is  appreciably  different  from  that  obtain 
in  the  normal  way.  To  gain  some  information  on  this  point 
number  of  check  runs  were  made  on  the  same  material  after  a  pr 
liminary  heating  of  the  crucible  in  oxygen  and  without  openii 
the  system,  on  the  basis  that  if  the  higher  temperature  due 
combustion  of  the  sample  did  cause  an  increased  blank,  this  blai 
should  decrease  on  successive  combustions,  so  that  the  apparei 
carbon  content  would  successively  decrease.  The  results  inc 
cated  no  significant  trend  in  this  direction. 

LITERATURE  CITED 

(1)  Murray  and  Ashley,  Ind.  Eng.  Chem.,  Anal.  Ed.,  16,  242  (1944 

(2)  Wooten  and  Guldner,  Ibid.,  14,  835  (1942). 


If  the  sample  is  in  the  form  of  a  thin  strip,  the  surface  can  be 
cleaned  by  abrasion,  after  which  the  metal  can  be  cut  into  small 
pieces  with  a  pair  of  snips,  avoiding  any  contact  of  the  sample 
with  the  fingers  or  other  material  likely  to  contaminate  it.  If, 
however,  the  specimen  is  more  massive,  as,  for  instance,  the  frac¬ 
tured  end  of  a  tensile  specimen,  it  is  necessary  to  do  some  ma¬ 
chining  and  in  such  case  washing  is  desirable. 

In  the  authors’  procedure  washing  is  carried  out  in  a  small 
Pyrex  tube  with  a  sintered  crystalline  Alundum  bottom,  the 
lower  part  of  which  is  ground  into  a  holder  connected  through  a 


Photoelectric  Photometer — Correction 

In  the  caption  of  Figure  4  of  the  article  “Photoelectric  Photomet 
for  Determining  Carbon  Disulfide  in  the  Atmosphere”  [Ind.  Ex 
Chem.,  Anal.  Ed.,  15,  593  (1943)]  the  caption  should  have  rea' 
f?6.  250,000  ohms.  Rt.  15,000  ohms.  R$.  50,000  ohms. 

Shirleigh  Silvermj 


Measurement  of  Detergency 

A  Photometer  for  Determination  of  Films  on  Transparent  Surfaces 

JOHN  L.  WILSON  and  ELWYN  E.  MENDENHALL 
Economics  Laboratory,  Inc.,  St.  Paul,  Minn. 


A  simple  inexpensive  photometer  has  been  designed  for  the  quantitative  determination  of  "hard  water" 
films  formed  on  transparent  glass  plates  during  certain  detergent  processes  such  as  commercial 
dishwashing.  Constructional  details  and  the  electrical  measuring  circuit  are  discussed  and  informa¬ 
tion  on  the  sensitivity  of  the  instrument  is  presented. 


"HE  calcium  and  magnesium  salts  present  in  hard  water 
I  react  with  many  detergents  to  form  insoluble  compounds. 
£  ne  of  the  precipitate  thus  formed  attaches  itself  to  objects  be- 
ii  washed  and  in  some  processes,  such  as  commercial  dishwash- 
ii ,  builds  up  an  unsightly  film. 


WAVELENGTH  IN  MILLIMICRONS 

Figure  1.  Transmission  Data 

)ne  would  expect  the  appearance  of  such  film  to  be  a  function 
(Huch  factors  as  the  type  of  hardness  and  the  amount  present  in 
t  water  used,  the  type  and  concentration  of  detergent  used, 
t  nature  of  the  washing,  rinsing,  and  drying  processes,  the  tem- 
F-ature  at  which  the  processes  are  carried  out,  the  nature  of  the 
3' faces  being  washed,  the  nature  of  the  soil  on  these  surfaces, 
ill  finally  the  number  of  times  the  objects  are 
■shed. 

n  commercial  dishwashing,  as  ordinarily  prac- 
t  ‘d,  the  build-up  of  unsanitary  hard  water  or 
» called  lime  films  has  presented  a  troublesome 
pfilem  for  the  operators  of  public  eating  places. 

Viile  progress  has  been  made  in  recent  years  in 
preparation  of  detergents  which  partially 
rcome  this  trouble,  the  relative  importance  of 
various  factors  involved  have  not  been  known 
mtitatively,  nor  have  satisfactory  methods  or 
truments  for  use  in  the  study  of  this  problem 
>n  established. 

This  >aper  describes  a  photometer  which  has 
ved  useful  in  obtaining  accurate  quantitative 
irmation  regarding  some  of  the  factors  in- 
ved  in  a  study  of  this  film  build-up  problem, 
t  relatively  simple  method  now  commonly  used 
pmits  one  to  approximate  roughly  the  comparative  amounts  of 
1  produced  when  various  detergents  are  used.  Drinking  glasses, 
s  plates,  or  other  such  objects  are  washed  in  a  home-type  dish- 
•hing  machine  under  known  conditions,  rinsed,  and  allowed 
air-dry  without  toweling,  and  then  the  objects  washed  with 
erent  detergents  are  compared  visually.  Often  several  cycles 
vash,  rinse,  and  air-dry  are  required  before  good  comparisons 
I  be  made.  At  best,  however,  such  visual  comparison  yields  only 
uquantitative  information  which  cannot  be  reduced  to  con- 
ient  numerical  values  for  future  use.  An  accurate  and  inex- 
sive  instrument  is  therefore  needed  which  can  replace  the 
lal  comparison  of  objects  washed  and  which  will  yield  numerical 
quantitative  data.  Since  these  data  are  indicative  of  the  visual 


appearance  of  the  film  on  the  washed  objects  they  have,  for  want  of 
a  better  term,  been  designated  as  values  of  visual  film  thickness. 

Since  it  is  more  difficult  to  make  suitable  optical  measurements 
on  drinking  glasses  or  other  irregularly  shaped  objects  than  on 
flat  and  regularly  shaped  ones,  squares  of  plate  glass  were  se¬ 
lected  as  test  plates.  Preliminary  investigation  indicated  that 
the  measurement  of  transmitted  rather  than  reflected  light  is 
suitable  for  the  purpose. 

In  order  to  determine  whether  a  monochromatic  light  source 
would  be  necessary  or  of  value  in  such  an  instrument,  several  sets 
of  test  plates  washed  with  different  detergent  materials  were 
prepared  and  the  transmission  spectra  for  the  films  on  these 
plates  were  studied  by  means  of  a  General  Electric  recording 
spectrophotometer.  Transmission  data  thus  obtained  for  the 
three  most  commonly  used  constituents  of  alkaline  detergents  are 
represented  graphically  in  Figure  1.  These  studies  indicated 
that  the  films  are  all  essentially  white — i.e.,  the  amount  of  light 
transmitted  is  almost  independent  of  the  wave  length  used  and 
wave  lengths  between  450  and  600  millimicrons  are  almost  equally 
well  transmitted.  The  deviations  from  “whiteness”  are  essen¬ 
tially  independent  of  the  detergent  used.  Therefore  monochro¬ 
matic  light  need  not  be  used  and  any  incandescent  light  source 
should  be  suitable  with  respect  to  wave  length. 


PLATE  HOLDER 


Figure  2.  Photometer 


An  attempt  was  made  to  use  commercially  available  photom¬ 
eters,  but  two  construction  characteristics  rendered  them  unsuit¬ 
able  for  this  work.  While  a  small  beam  of  light  is  advantageous 
for  most  analytical  work  in  that  it  permits  the  use  of  small  vol¬ 
umes  of  solutions,  it  necessitates  a  large  number  of  measurements 
if  accurate  averages  are  to  be  obtained  on  an  object  covered  with 
an  irregular  film.  Similarly,  placing  the  photocell  close  to  the 
absorption  cell  is  advantageous  in  an  instrument  designed  for 
work  associated  with  colored  solutions.  For  measurement  of 
films  on  glass  plates,  however,  usefulness  is  increased  by  placing 
the  photocell  farther  from  the  plates  on  which  measurements 
are  being  made.  Such  construction  permits  determination  of 
beam  transmission  rather  than  diffuse  transmission. 
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MODIFICATIONS  IN  PHOTOMETER  DESIGN 

Having  selected  plate-glass  squares  5  inches  on  a  side  and 
0.125  inch  thick  as  test  objects,  it  was  necessary  to  consider  the 
ways  in  which  these  plates  could  be  held  in  the  instrument.,  so 
that  a  large  area  would  be  sampled  by  each  measurement.  Two 
methods  were  considered.  The  first  involved  increasing  the 
cross-sectional  area  of  the  incident  beam  of  light;  the  second 
utilized  the  principle  of  tilting  the  plates  at  an  acute  angle  with 
respect  to  the  incident  beam.  This  second  alternative  was  se¬ 
lected  in  order  to  avoid  the  necessity  of  incorporating  in  the  in¬ 
strument  the  more  complicated  optical  system  required  in  utiliz¬ 
ing  a  larger  beam  of  light.  This  tilting  process  increased  the 
effectiveness  of  a  given  film  in  reducing  the  amount  of  light  reach¬ 
ing  the  photocell. 


Figure  3.  Photometer 


The  light  extinction  of  a  given  film  was  not  changed  by  the  si¬ 
multaneous  use  of  additional  plates — that  is,  the  per  cent  extinc¬ 
tion  as  determined  for  a  set  of  two  or  more  plates  is  equal  to  the 
sum  of  the  values  obtained  when  each  plate  is  measured  indi¬ 
vidually.  On  the  basis  of  these  results  four  test  plates  are  usu¬ 
ally  employed  in  each  set,  thus  increasing  fourfold  the  area  in¬ 
volved  in  each  measurement. 

Modifications  of  this  type  are  essential  if  a  simple  photoelectric 
circuit  is  to  be  employed.  The  simplicity  of  the  measuring  cir¬ 
cuit  is  likewise  dependent  upon  the  photocell  used,  although  ac¬ 
ceptability  based  on  this  feature  alone  would  not  justify  the  use 
of  a  particular  photocell  in  the  final  instrument. 


FINAL  INSTRUMENT 

A  line  drawing  of  the  photometer  appears  as  Figure  2.  It  con¬ 
sists  of  a  light  source,  an  optical  system  which  gives  a  parallel 
beam  of  light,  a  test-plate  holder,  a  photocell,  and  a  measuring 
circuit.  This  drawing  indicates  the  way  in  which  the  test-plate 
holder,  movable  perpendicularly  to  the  light  beam,  is  mounted 
so  that  either  a  set  of  test  plates  or  a  set  of  reference  plates  may 
be  measured.  The  standardization  of  the  instrument  by  means 
of  reference  plates  is  discussed  below. 

The  R.C.A.  919  phototube  was  selected  on  the  basis  of  factors 
previously  mentioned.  The  maximum  convenient  angle  at  which 
the  5-inch  test  plates  could  be  tilted  in  a  photometer  using  this 
photocell  was  calculated  on  the  basis  of  the  size  of  the  photoactive 
target  and  found  to  be  18°.  Using  this  arrangement  it  is  pos¬ 
sible  to  sample  an  area  of  almost  3.5  square  inches  on  each  plate 
with  a  single  transmission  measurement,  although  the  phototube 
has  a  target  area  of  only  0.9  square  inch.  Since  four  glass  plates 
are  used  simultaneously,  a  total  area  of  14  square  inches  is  in¬ 
volved  in  each  measurement. 

The  plate  holder  was  designed  to  hold  two  sets  of  four  plates 
each.  It  was  constructed  in  such  a  way  that  it  compensates  for 
the  refraction  of  the  incident  beam  by  the  glass  plates,  so  that 
similar  sections  of  all  plates  in  each  set  are  measured. 

For  preliminary  work  the  use  of  excessively  expensive  equip¬ 
ment  was  not  warranted  and  hence  the  photometric  circuit  best 


suited  to  the  need  was  that  described  by  Roberts  (f).  This 
cuit  is  of  the  nature  of  a  relaxation  oscillator  which  causes  a  s< 
of  clicks  to  be  heard  in  the  high-impedance  telephone, 
frequency  of  the  clicks  is,  for  a  given  capacity  of  the  cornier 
proportional  to  the  intensity  of  the  light  falling  on  the  photo 
Light  intensity  may  thus  be  measured  by  counting  the  numbc 
clicks  which  are  heard  in  a  given  period  of  time.  A  coun¬ 
clean  test  plates  of  100  clicks  per  minute  has  been  found  i 
venient.  This  rate  may  be  attained  by  adjustment  of  the  \ 
able  condenser  or  of  the  intensity  of  the  light  beam. 

When  no  light  falls  on  the  cell,  1  or  2  clicks  per  minute 
occur,  owing  to  electrical  leakage  across  the  glass  surface  of 
tubes.  This  “dark  count”  is  always  subtracted  from  ac 
counts  on  plates  before  the  data  are  recorded  or  used  in  fur 
calculations. 

The  electrical  circuit  unit  of  the  photometer  was  mountei 
shown  in  Figure  2,  avoiding  long  lead  wires  and  an  extra  hous 
It  is  especially  important  to  mount  the  1D8GT  super  con 
tube  in  such  a  way  that  the  light  from  its  filament  cannot  fal 
the  phototube.  Constructional  details  are  shown  in  Figur 
a  wiring  diagram  in  Figure  4. 

A  Mazda  lamp  Type  82  has  served  as  a  convenient  light  sou 
In  order  to  ensure  a  constant  intensity  of  light,  energy  is  supp 
from  a  set  of  storage  batteries  which,  in  turn,  are  continually 
by  a  trickle  charger.  The  voltage  drop  across  the  lamp  is  r< 
lated  by  means  of  a  rheostat  and  indicated  by  a  voltmeter. 


DETERMINATION  OF  VISUAL  FILM  THICKNESS 

The  “visual  thickness”  of  the  film  formed  by  a  given  wash 
is  determined  in  the  following  way: 

A  set  of  reference  plates  is  placed  on  one  side  of  the  slic 
plate  holder  and  the  clean  set  of  plates  to  be  used  for  the  test 
the  other  side  of  the  same  holder.  (These  plates  are  alw 
placed  in  the  same  order  and  same  position.) 

The  light  intensity  is  adjusted  by  means  of  the  rheostat  to 
desired  voltage. 

The  plate  holder  is  moved  into  position,  so  that  the  bean 
light  passes  through  the  set  of  reference  plates  and  the  numbe 
clicks  heard  in  the  headphones  in  one  minute  is  noted.  1 
value  is  recorded  as  f?<. 

The  plate  holder  is  then  moved  so  that  the  beam  of  light  pa: 
through  the  set  of  plates  to  be  washed  and  the  number  of  cli 
heard  in  one  minute  is  again  counted  and  recorded  as  T,-. 

The  ratio  Ri/Ti  is  calculated.  Since  it  is  constant  for  a  gi 
set  of  test  plates  when  compared  to  a  given  set  of  reference  pla 
the  value  is  indicated  by  K. 

The  test  plates  are  washed,  rinsed,  and  dried  according  to 
desired  procedure  and  returned  to  their  former  position  in 
photometer. 

The  final  reference-plates  count  is  again  determined  and 
corded  as  R/. 

The  final  test-plates  count  is  determined  and  recorded  as  T 


The  final  transmission  of  the  test  plates  as  compared  to  tl 
initial  transmission  is  given  by  the  formula: 


R  ■  Tf  T 

100  =  K  100  =  apparent  %  transmission 

When  Ri  =  Rf — that  is,  when  the  photometer  has  remained 
a  stable  condition — this  equation  becomes: 


Tf 


TjT.  X  100  =  apparent  %  transmission 
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'he  “visual  thickness”  of  the  film  on  the  test  plates  is  then  cal- 
ted  by  use  of  the  formula: 

dal  thickness  of  film  =  apparent  %  extinction  = 

100%  —  apparent  %  transmission 

i 

'he  washing  and  measuring  procedure  is  then  repeated  the 
lired  number  of  times.  For  convenience  each  repetition  of 
|!  procedure  is  called  a  wash  cycle. 

REPRODUCIBILITY  OF  MEASUREMENTS 

'he  reproducibility  of  measurements  was  determined  by  select- 
a  set  of  test  plates  which,  after  washing,  had  an  apparent  trans- 
sion  of  57.0%.  Over  a  period  of  2  days  this  set  of  plates  was 
.sured  ten  times.  After  each  measurement  the  plates  were 
ioved  from  the  photometer  and  placed  in  a  tightly  covered 
den  box.  The  “reference-plates  count”  was  intentionally 
ed  from  78  to  100  clicks  per  minute.  The  probable  error 


was  then  calculated  and  found  to  be  ±0.52%  for  a  single  reading 
or  ±0.17%  for  the  average  of  10  readings. 

Experience  has  shown  that  the  errors  resulting  from  the  pho¬ 
tometer  are  negligible  as  compared  to  those  arising  from  varia¬ 
tions  in  the  wash  procedure. 

CONCLUSION 

The  photometer  described  is  easily  and  cheaply  constructed 
and  possesses  sufficient  sensitivity  to  permit  its  use  in  the  devel¬ 
opment  of  performance  tests  for  certain  types  of  detergents. 
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Measurement  of  Detergency.  .  .) 

Determination  of  Rate  of  Hard  Water  Film  Formation  in  the  Washing  of 

Glass  Objects 


nethod  is  outlined  for  measuring  the  tendency  of  precipitates 
ned  by  the  reaction  between  detergents  and  calcium  and  mag- 
um  salts  to  adhere  to  glass  surfaces  during  washing.  Data  are 


presented  to  show  the  reproducibility  of  results  obtained  by  the 
suggested  method  and  the  ease  and  accuracy  with  which  differences 
between  detergents  may  be  determined. 


IE  relatively  recent  introduction  of  “polyphosphates” 
l~4)  has  given  the  detergent  chemist  convenient  materials 
i  which  to  decrease  the  rate  at  which  film  will  appear  on 
es  and  glassware  when  normal  washing  conditions  are  em- 
ed.  However,  there  has  been  no  satisfactory  method  of 
ititatively  measuring  this  rate  of  film  formation, 
bis  paper  reports  a  test  capable  of  yielding  reproducible  re- 
;  quantitatively  evaluated  by  means  of  the  photometer  de- 
>ed  in  the  previous  paper  (5). 

METHOD 

'ashing  Machine.  A  home-type  General 
trie  dishwashing  machine  has  been  found 
icable  to  this  type  of  test.  Basically  it 
lists  of  a  covered  tank,  at  the  bottom  of 
:h  is  located  a  small  impeller-type  agitator, 
i  agitator  revolving  at  a  speed  of  approxi- 
ely  1700  r.p.m.  throws  the  wash  (or  rinse) 
tion  in  the  form  of  a  fine  spray  over  the 
objects  which  rest  on  a  wire  rack  in  the 
it  portion  of  the  machine. 
est  Objects.  Pieces  of  plate  glass  5  inches 
ire  and  0.125  inch  thick  cut  from  a  single 
t  of  glass  have  been  used  as  test  objects. 

>  possible  that  the  film  build-up  may  be 
rent  on  different  types  of  glass  and  may 

■  with  the  physical  as  well  as  chemical  nature 
be  surfaces  of  the  test  objects.  Because 
initial  purpose  of  this  work  was  to  study 
elative  effects  of  different  detergents  rather 

of  different  surfaces,  these  test  objects 

■  considered  appropriate. 

IEPARATION  OF  STANDARD  HARD  WATER, 
er  of  known  hardness  may  be  obtained  by 
ing  from  some  natural  source  enough  water 
he  tests  to  be  performed  and  then  deter- 
ng  its  calcium  and  magnesium  content 
nalytical  methods.  A  somewhat  simpler 
lod  consists  of  softening  a  natural  supply 
-ater  by  means  of  a  zeolite  softener  and 
increasing  its  hardness  by  the  addition  of 
lentrated  solutions  of  calcium  and  mag¬ 


nesium  salts.  For  this  purpose  the  authors  have  used  cal¬ 
cium  chloride  and  magnesium  sulfate;  care  must  be  take  in 
adding  these  salts  to  prevent  the  precipitation  of  calcium  sulfate. 

Addition  of  Detergent.  The  desired  weight  of  detergent  for 
each  cycle  may  be  added  directly  to  the  wash  water  in  the  ma¬ 
chine.  Since  the  volume  of  wash  water  is  small  and  the  concentra¬ 
tion  of  detergent  is  usually  low,  relatively  small  amounts  of  de¬ 
tergent  are  added  at  one  time.  Under  these  conditions  a  serious 
error  may  result,  in  that  the  composition  of  all  additions  may  not 
be  representative  of  the  composition  of  the  detergent  being  tested. 
This  error  may  be  partially  nullified  by  adding  a  given  volume  of  a 
concentrated  solution  of  the  detergent  by  means  of  an  automatic 
pipet. 
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Table  I.  Reproducibility 


(Detergent,  trisodium  phosphate.  -Concentration,  0.32%.  Water  hard¬ 
ness,  Ca  =  140  p.p.m.,  \Ig  =  50  p.p.m.) 


Cycle 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Apparent  %  Extinction 


1 

2 

3 

4 

5 

Av. 

3 

4 

5 

5 

5 

4.4 

6 

8 

5 

6 

8 

6.2 

10 

9 

7 

9 

10 

9.0 

13 

10 

10 

12 

15 

12.0 

16 

16 

12 

13 

18 

15.0 

20 

19 

16 

16 

19 

18.0 

23 

22 

20 

20 

22 

21.4 

25 

25 

22 

24 

27 

24.6 

29 

31 

26 

27 

28 

28.2 

31 

32 

29 

31 

33 

31.2 

Probable  Errors  (in  Terms  of 
Apparent  %  Extinction) 
r  R 


0 

.56 

0 

.25 

1 

.20 

0 

.  54 

0 

.82 

0 

.37 

1 

.42 

0 

.63 

1 

.60 

0. 

72 

1. 

.26 

0. 

56 

0. 

.82 

0. 

37 

1 . 

.22 

0. 

54 

1 . 

35 

0. 

60 

0. 

95 

0. 

42 

Zeolite-softened  water  is  heated  to  160°  F.  by  means  of  a  ther¬ 
mostatically  controlled  water  heater.  A  gallon  of  this  water  is 
drawn  from  the  heater,  hardened  as  previously  described,  and 
then  poured  into  the  machine.  The  temperature  in  the  machine 
is  indicated  by  a  mercury-actuated  dial-type  thermometer 
whose  bulb  extends  downward  from  the  top  of  the  machine.  On 
starting  the  spray  action  the  thermometer  reading  increases 
rapidly,  until  after  about  15  seconds  a  maximum  is  reached  and 
is  recorded  as  wash  temperature  or  rinse  temperature.  No  de¬ 
crease  in  temperatures  has  ever  been  noted  during  the  3-minute 
wash  period. 


each  test  plate.  This  represented  a  measurement  on  28  sqt 
inches  of  plate  area.  The  instrument  was  standardized  by  n 
ing  a  measurement  on  the  set  of  reference  plates  both  before 
after  the  measurements  were  made  on  the  set  of  test  plates. 

REPRODUCIBILITY  OF  RESULTS 

The  reproducibility  of  the  results  obtained  by  this  test  pr< 
dure  is  indicated  by  Table  I.  These  data  were  obtained  by 
peating  tests  in  which  all  controllable  variables  were  maintai 
as  nearly  constant  as  was  experimentally  possible  and  using 
conditions  outlined  above. 

The  average  probable  error  for  a  single  reading  was  appri 
mately  1.0%  extinction.  The  significance  of  this  probable  ei 
is  best  understood  after  studying  Figure  1,  in  which  visual  1 
thickness  has  been  plotted  against  the  number  of  times  the  I 
plates  were  washed,  rinsed,  and  dried.  Because  of  the  rej 
ducibility  of  this  type  of  test,  differentiation  between  deterge 
which  give  nearly  similar  results  is  possible. 

DATA 

film  build-up  curves  for  three  common  constituents  of  cc 
mercial  dishwashing  compounds  are  shown  in  Figure  2.  All  d 
resulted  from  tests  utilizing  the  conditions  outlined  above, 
only  variable  being  the  composition  of  the  detergent  used. 

Of  the  three  alkaline  materials  most  cc 


monly  found  in  commercial  dishwashing 
tergents,  commercial  trisodium  phospha 
Xa3P04.12H20,  produced  the  least  film  dur 
ten  repeated  washing  cycles.  Sodium  me 
silicate,  Na2Si03.5H20,  produced  a  heav 
film  than  the  trisodium  phosphate  under  1 
test  conditions  but  less  film  than  soda  a 
Xa2C03. 

The  use  of  certain  molecularly  dehydrai 
phosphates  in  reducing  hard  water  film  f 
mation  is  illustrated  by  the  two  remaini 
curves.  A  notable  improvement  may  be  ( 
tained  by  the  introduction  of  tetrasodii 
pyrophosphate  into  the  detergent.  A  p 
prietary  containing  25%  tetrasodium  py; 
phosphate,  40%  sodium  metasilicate,  a 
35%  soda  ash  produced  after  10  cycles  a  fi 
having  a  relative  visual  thickness  of  only 
units  as  compared  to  a  thickness  of  31  un 
produced  by  trisodium  phosphate  alone. 

Greater  effectiveness  in  preventing  ha 
water  films  is  possessed  by  other  phosphat 
commonly  referred  to  as  polyphosphates.  0 
of  these,  commercially  designated  as  sodiu 
tetraphosphate,  XasP40i3,  was  selected  f 
testing.  Chemical  analysis  of  this  glassy  m 


Selected  Test  Cycle  Conditions.  Washing.  Volume  o 
wash  solution,  1  gallon.  Time  of  wash,  3  minutes.  Tempera 
ture  of  wash  water,  125°  F.  Hardness  of  wash  water  calculatec 
as  calcium  carbonate,  140  p.p.m.  of  calcium  and  50  p  p  m  o 
magnesium.  Detergent  concentration,  0.3%. 

Rinsing.  Immediately  after  washing,  while  still  in  the  same 
position  m  the  machine,  the  test  objects  were  rinsed  for  2  min¬ 
utes  at  a  temperature  of  130°  F.,  using  water  of  the  same  hard¬ 
ness  as  that  used  m  washing. 

,,  drying-  The  test  plates  were  dried  by  removing  them  from 
r1 ?r!rlwa,s “ng  machine  and  placing  them  in  a  drying  rack  which 
field  trie  plates  at  an  angle  of  approximately  45  °  and  separated 
one  plate  from  another  by  about  0.5  inch.  The  plates  were  dried 
ln  a P proximately  1.5  minutes  by  a  stream  of  warm  air. 

Measurements  of  visual  film  thickness  were  made  using  the 
photometer  described  in  a  previous  paper  (5) .  In  order  to  follow 
the  regularity  with  which  the  film  appeared  on  the  glass  test 
plates  measurements  were  made  after  cycles  1,  2,  4,  6,  8,  and  10. 
bince  the  films  formed  by  this  wash  procedure  were  not  perfectly 
unilorm  that  is,  since  water  spots  or  uneven  films  frequently  ap¬ 
peared  on  the  plates— measurements  were  made  on  two  areas  of 


terial  indicated  a  composition  which  may  1 
represented  by  3Na20.2P205.  The  results  obtained  with  a  pr 
prietary  containing  32%  of  this  sodium  tetraphosphate,  40% 
sodium  metasilicate  pentahydrate,  and  28%  of  sodium  carbona 
show  that  such  a  detergent,  under  identical  test  conditions,  yieh 
a  visual  film  thickness  of  less  than  2  units. 
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A  Compact  Field  Apparatus  for  Determination  of 

Lewisite  or  Mustard  Gas 

JOSEPH  W.  KOUTEN,  J.  B.  SHOHAN,  and  W.  FAITOUTE  MUNN 
West  Orange  Gas  Defense  Laboratory,  West  Orange,  N.  J. 


MEMBERS  of  the  West  Orange,  N.  J.,  Gas  Officers’  Defense 
Staff  have  developed  a  compact  apparatus  for  field  detec- 
tii  of  lewisite  or  mustard  gas  (liquid).  Its  simplicity  makes  it 
ii  ptable  also  for  laboratory  use. 

Then  liquid  lewisite  is  treated  with  15%  sodium  hydroxide 
fcition,  acetylene  is  liberated  and  is  detected  in  this  apparatus 
bjthe  formation  of  deep  red  cuprous  acetylide  on  a  disk  of  filter 
pier,  freshly  moistened  with  cuprous  chloride  solution.  If  the 
;i  rous  chloride  solution  is  practically  colorless,  the  moistened 
||c  turns  pink,  then  gradually  deep  red  if  considerable  acetylene 
generated;  if  the  cuprous  chloride  solution  is  blue,  the  disk 
tins  purplish  red  and  the  color  gradually  deepens.  The  reaction 
is  istinctive,  sensitive,  and  quantitative. 

'o  test  for  liquid  mustard,  the  paper  disk  is  moistened  with 
5<ium  platinic  iodide-starch  solution,  without  addition  of  so- 
i  m  hydroxide  or  other  reagent.  In  the  presence  of  mustard  the 
B»  >r  changes  from  violet  to  strong  blue.  Gentle  heat  hastens  the 
Mon. 

APPARATUS 

('he  main  tube,  1,  has  an  expanded  bottom  bulb  3.75  cm.  (1.5 
i|ies)  in  diameter,  on  the  side  of  which  is  blown  a  2.5-cm.  (1- 
Ii)  opening.  A  rubber  stopper,  2,  fits  tightly  in  this  opening 
lil  is  provided  with  a  0.6-cm.  (0.25-inch)  hole  in  which  is  pushed 
fcjitly  the  end  of  a  small  vial  containing  the  cuprous  chloride 
ngent  used  to  moisten  the  disk  just  prior  to  making  the  test 


for  lewisite.  A  rubber  stopper  is  very  satisfactory  here,  as 
neither  lewisite  nor  mustard  has  any  immediate  effect  upon  it. 
After  the  test  has  been  completed,  the  entire  apparatus  is  taken 
apart  and  thoroughly  scrubbed  with  calcium  hypochlorite  sludge. 

Inner  tube  3,  centrally  located  in  the  upper  part  of  tube  1, 
is  supported  in  a  cork  having  a  small  V  cut  out  along  its  entire 
length,  so  that  when  cork  and  tube  are  in  position,  the  gas 
evolved  will  vent  through  this  cork  and  prevent  the  building  up 
of  pressure  during  the  test.  A  slight  bulb  or  bulge  is  blown  1.25 
cm.  (0.5  inch)  from  the  lower  extremity  of  this  inner  tube.  Tube 
4,  connected  with  the  upper  end  of  tube  3  by  10  cm.  (4  inches)  of 
rubber  tubing,  has  a  capacity  of  15  cc.  Tube  4  has  1.5  grams  of 
flake  sodium  hydroxide  placed  in  it  and  is  then  tightly  stop¬ 
pered.  Its  contents  will  remain  in  perfect  condition  for  any 
length  of  time.  A  small  glass  bead  fits  into  the  rubber  tube, 
connecting  tube  4  with  the  upper  end  of  tube  3,  about  2.5  cm. 
above  the  point  where  the  rubber  tube  is  fastened  to  tube  3. 
This  bead,  or  valve,  prevents  liquid  from  entering  tube  1.  When 
the  test  is  to  be  made,  the  side  of  the  bead  is  pinched  with  the 
thumb  and  forefinger,  causing  a  channel  to  be  formed  through 
which  the  caustic  solution  flows  into  tube  3,  then  into  tube  1. 

The  filter  paper  disk  upon  which  the  color  reactions  are  pro¬ 
duced  is  cut  to  a  diameter  slightly  smaller  than  that  of  the  upper 
part  of  tube  1 .  In  its  center  is  cut  a  small  hole  of  a  size  whiejh  will 
allow  the  disk  to  be  pushed  on  the  lower  end  of  tube  3  up  to  the 
point  where  it  meets  the  bulge.  A  small  rubber  band  is  twisted 
around  the  tube,  flush  with  the  underside  of  the  paper  disk,  to 
keep  it  in  position. 

The  supporting  stand  may  consist  of  nothing  more  than  a 
square  block  of  wood  containing  a  slight  hollow  in  the  center  to 
support  the  bottom  of  tube  1  and  an  upright  piece  of  wood  with  a 
clip  near  the  top  to  support  the  upper  end  of  the  tube. 

Construction  of  Vial  and  Capillary  Tube.  The  vial  is 
made  from  soft-glass  tubing  of  about  1.25-cm.  (0.5-inch)  diameter, 
the  lower  end  being  drawn  down  to  fit  the  0.6-cm.  (0.25-inch)  hole 
in  the  rubber  stopper  and  sealed.  The  total  length  of  the  vial  is 
7.5  cm.  (3  inches).  The  capillary  tube,  which  acts  as  a  dropper 
tube,  inside  the  vial  is  3-mm.  glass  tubing,  open  at  the  lower  im¬ 
mersed  end  and  having  a  very  small  hole  blown  in  it  just  below 
the  point  where  the  lower  end  of  the  rubber  stopper,  which  closes 
the  vial,  is  located.  The  upper  end  of  the  capillary  tube  is  sealed. 

PROCEDURE 

Place  the  contaminated  material,  such  as  sand,  leaves,  rubble, 
twigs,  etc.,  in  tube  1  through  the  2.5-cm.  opening  by  means  of 
tweezers  or  tongs,  then  firmly  place  rubber  stopper  2  in  this  open¬ 
ing.  Remove  tube  3  with  its  dry  paper  disk,  take  out  the  capil¬ 
lary  tube,  and  wet  the  disk  with  cuprous  chloride  solution  by 
touching  the  open  end  of  the  capillary  tube  to  the  disk.  Immedi¬ 
ately  replace  the  capillary  tube  and  cork  in  the  vial  and  return  the 
inner  tube  with  its  moistened  paper  disk  to  tube  1.  Remove  the 
stopper  from  tube  4  and  pour  in  10  cc.  of  water,  leaving  the  stop¬ 
per  out.  Hold  tube  4  straight  above  tube  3  and  pinch  the  bead 
inside  the  rubber  tubing,  regulating  the  flow  of  solution,  so  that 
all  the  sodium  hydroxide  flake  will  have  dissolved  by  the  time  all 
the  water  has  run  into  tube  3  and  thence  into  tube  1.  (Consider¬ 
able  heat  will  be  evolved,  owing  to  the  dissolving  of  the  caustic 
flake.)  The  reaction  of  the  caustic  solution  upon  the  lewisite  is 
practically  instantaneous  and  if  any  such  “gas”  is  contained  in 
the  sample  being  examined,  the  filter  paper  disk  will  soon  show 
its  presence  by  a  change  of  color. 

Although  the  minimum  sensitivity  of  this  test  when  applied  in 
the  apparatus  has  not  been  determined,  the  West  Orange  gas 
laboratory  staff  has  obtained  very  positive  results  with  less  than 
0.25  drop  of  lewisite.  The  presence  of  arsenic  may  be  confirmed 
by  extracting  the  contaminated  material,  after  the  treatment  with 
sodium  hydroxide,  with  a  small  amount  of  water,  neutralizing 
the  solution  thus  obtained  with  50%  sulfuric  acid,  and  then  test¬ 
ing  for  arsenic  by  the  Gutzeit  test,  using  mercuric  bromide  paper 
and  not  mercuric  chloride  paper  for  the  arsine  color  reaction. 
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ADVANTAGES  OF  APPARATUS 

The  chamber  in  which  the  acetylene  or  mustard  vapors  are 
brought  into  contact  with  the  moistened  reactor  paper  is  very 
small,  thus  concentrating  the  amount  of  reactive  gases  in  contact 
with  the  reagent. 

The  use  of  dry  sodium  hydroxide  flake  in  tube  4  prevents 
deterioration  and  spilling  of  alkali. 

The  addition  of  the  water  to  the  dry  sodium  hydroxide  just 
before  use  produces  considerable  heat,  speeding  the  reaction. 
In  the  case  of  lewisite,  this  decreases  the  solubility  of  the  acetylene 
in  the  liquid  reactive  mass  and  thereby  increases  to  a  maximum 
the  amount  of  acetylene  generated. 

The  filter  paper  disk,  of  practically  the  same  area  as  the 


chamber  through  which  the  reactive  vapors  must  pass,  gi 
quicker  and  better  contact  with  such  vapors  than  a  paper  st  i 
suspended  within  the  reaction  chamber.  The  disk  is  placed ; 
a  point  where  contamination  with  the  caustic  solution  is  imp . 
sible. 

The  rounded  bottom  of  tube  1  is  an  advantage  if  one  desires  i 
heat  the  contaminated  material  gently  (in  case  of  mustard  g 
for  more  rapid  volatilization  of  the  vapors. 

Placing  the  cuprous  chloride  solution  in  the  small  vial,  which 
turn  is  carried  at  all  times  in  the  rubber  stopper,  eliminates  1  < 
necessity  of  carrying  a  separate  bottle  for  this  reagent. 

The  entire  apparatus  may  conveniently  be  carried  in  a  c( 
pocket  or  field  kit. 


Routine  Determination  of  Zinc  in  Magnesium  Alloys 

A  Volumetric  Method 


LLOYD  GEORGE  MILLER,  ALBERT  J.  BOYLE1,  and  ROBERT  B.  NEILL 
Technical  Service  Laboratories,  Basic  Magnesium,  Incorporated,  Las  Vegas,  Nev. 


A  rapid  accurate  volumetric  method  for  the  determination  of  zinc 
in  magnesium  alloys  involves  the  precipitation  of  zinc  in  1  N  hydro¬ 
chloric  acid  with  excess  standard  potassium  ferrocyanide.  The 
excess  is  subsequently  determined  by  titration  with  standard  ceric 
sulfate  solution.  Manganese,  cadmium,  tin,  and  small  amounts  of 
iron  do  not  interfere.  The  method  is  capable  of  an  accuracy  rang¬ 
ing  from  1  to  5%  of  the  amount  of  zinc  present  in  magnesium-base 
alloys  of  high  and  low  zinc  content,  respectively. 

IN  VIEW  of  the  large  number  of  magnesium-base  alloys  con¬ 
taining  zinc,  the  determination  of  this  element  has  become 
increasingly  important  to  the  magnesium  industry.  The  Lang 
method  (4)  modified  by  Casto  and  Boyle  ( 1 )  requires  the  elimina¬ 
tion  of  manganese,  cadmium,  tin,  and  copper  from  the  sample, 
and  is  limited  largely  to  magnesium-base  alloys  containing  alumi¬ 
num  and  manganese.  If  the  zinc  content  of  the  magnesium  alloy 
is  less  than  1%  a  preliminary  separation  with  hydrogen  sul¬ 
fide  becomes  necessary. 


zi 


t.'on  stand  overnight,  filter,  and  standardize  against 
chloride  solution. 

Ceric  Ammonium  Sulfate,  0.025  N  solution  (5).  Dissolve : 
grams  of  ceric  ammonium  sulfate  dihydrate  in  1  liter  of  distill 
water  containing  28  ml.  of  concentrated  sulfuric  acid.  The  sol 
tion  is  approximately  0.025  N.  Filter  the  solution,  and  adju 
the  volume  so  that  1  ml.  of  solution  is  equivalent  to  1  ml. 
standard  potassium  ferrocyanide  solution. 

Tri-o-Phenanthroline  Ferrous  Sulfate  [(C12H8N2.H20) 
FeSCh]  solution.  Dissolve  1.485  grams  of  o-phenanthrolii 
(Ci2H8N2.H20)  in  100  ml.  of  0.025  M  aqueous  solution  of  ferroi 
sulfate. 

Standard  Zinc  Solution.  Dissolve  1  gram  of  zinc  meti 
c.p.,  in  20  ml.  of  1  to  1  hydrochloric  acid.  Dilute  to  1  liter. 

Potassium  ferricyanide,  c.p.,  0.5%  solution.  Concent  rah 
hydrochloric  acid,  c.p.  Dilute  hydrochloric  acid,  1  to  10.  Te 
lead.  Mercuric  chloride,  saturated  solution. 

PROCEDURE 

Weigh  a  2.000-gram  sample  of  the  magnesium  alloy  into  a  40t 
ml.  beaker,  and  add  75  ml.  of  distilled  water  and  25  ml.  of  coi 
centrated  hydrochloric  acid.  Cover  the  beaker  with  a  watc 
glass  to  avoid  loss  by  mechanical  spray.  If  copper  is  known  t 


The  method  described  in  this 
paper  is  applicable  to  magnesium- 
base  alloys  containing  from  0.05 
to  several  per  cent  zinc,  and  is 
recommended  for  routine 
analytical  control.  Cadmium, 
tin,  and  manganese  offer  little 
interference.  The  error  due  to 
iron  is  largely  compensated  by 
a  step  in  the  procedure  em¬ 
ploying  the  use  of  potassium 
ferricyanide.  If  copper  is  pres¬ 
ent,  it  is  removed  with  test  lead. 

REAGENTS 

Potassium  Ferrocyanide, 
0.025  N  solution.  Dissolve  11.2 
grams  of  potassium  ferrocyanide 
trihydrate  analytical  reagent 
grade,  in  1  liter  of  distilled 
water  containing  0.2  gram  of 
sodium  carbonate.  Let  the  solu- 


Mercury 

Tin 

Manganese 

Cadmium 

Aluminum 

Iron 

Magnesium 

Zinc  Taken 

Mg. 

10 

10 

10 

Av.  error 
20 
20 
20 

Av.  error 
50 
50 
50 

Av.  error 
75 
75 
75 

Av.  error 


Table  I.  Estimation  of  Zinc  in  Standard  Chloride  Solutions 

(In  the  presence  of  magnesium,  manganese,  aluminum,  cadmium,  tin,  iron,  and  mercury) 

Milligrams  of  Metal  Present0 


9.70 

9.55 

9.91 

-0.28 

19.94 

20.04 

19.76 

-0.09 

50.00 

49.82 
49.84 
-0.11 
75.37 

74.83 
75.03 

+  0.08 


2000 


9.52 

9.88 

9.80 

-0.27 

19.74 

20.15 

20.02 

-0.03 

49.64 

49.69 

49.79 

-0.29 

75.29 
75.26 

74.29 
-0.03 


1  Present  address,  College  of  Medi¬ 
cine,  Wayne  University,  Detroit  26, 
Mich. 


500 

30 

'  60 

"60 

*  * 

30 

30 

100 

30 

165 

60 

’60 

38 

38 

38 

165 

165 

165 

2000 

2000 

2000 

2000 

2000 

2000 

2 

2000 

1 

2000 

Milligrams  of  Zinc  Found 

9 

.83 

10.37 

9 

.57 

10.70 

9 

.83 

10 

.01 

9.57 

9 

.86i> 

10 

.01 

10.42 

9 

.60 

10.83 

10 

.09 

10 

.29 

9.52 

10 

.75 

9 

.98 

10.44 

9 

.96 

10.55 

9 

.96 

9 

.93 

9.78 

10 

.62 

-0 

.06 

+  0.41 

-0 

.29 

+  0.69 

-0 

.04 

+0 

.08 

-0.38 

+  0 

.40 

20, 

.02 

20.43 

19 

.94 

20.76 

20, 

.30 

20 

.04 

20.07 

18 

.94 

20, 

.17 

20.51 

20 

.04 

20.68 

20 

.20 

20 

.30 

20.02 

18 

.94 

20 

.04 

20.45 

20 

.02 

20.61 

20 

.04 

20 

.33 

20.17 

19 

.46 

+  0, 

.08 

+0.46 

±0 

.00 

+  0.68 

+0, 

.18 

+0. 

.22 

+  0.09 

-0 

.65 

50. 

,25 

50.43 

49 

.38 

50.76 

50. 

23 

50. 

18 

50.12 

49. 

.92 

50 . 

48 

50 . 66 

49. 

.72 

50.66 

49. 

56 

49. 

74 

49.74 

50, 

.18 

50. 

15 

50.76 

49, 

.59 

50.59 

50. 

12 

49. 

82 

50.07 

50 

.18 

+  0. 

24 

+0.61 

-0, 

.44 

+  0.67 

-0. 

03 

-0. 

09 

-0.02 

+0. 

,13 

75. 

44 

76.26 

74. 

75 

76.39 

75. 

55 

74. 

60 

74.14 

75. 

01 

75. 

37 

75.80 

75. 

32 

75.75 

75. 

44 

75. 

24 

74.93 

75. 

26 

75. 

60 

75.90 

74. 

65 

75.96 

75. 

75 

74. 

65 

74.83 

75. 

14 

+  0. 

47 

+  0.69 

-0. 

09 

+  1.03 

+0. 

58 

-0. 

19 

-0.37 

+0. 

13 

20C 


9.6 

9.7 
9.4 


19.' 
19. S 


49. f 
49.4 


?  All  determinations  made  in  hydrochloric  acid  solution. 

Results  m  this  column  determined  by  potentiometric  titration. 
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Table  II.  Zinc  Ferrocyanide  Precipitates  for  Manganese 
Contamination0 

Manganese 


langaneae 

Added 

Found 

in  Precipitate 

Zinc  Added 

Zinc  Found 

Zinc  Error 
(Determined) 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

10 

0.30 

10 

10.20 

+0.20 

30 

0.58 

10 

10.60 

+  0.60 

60 

0.78 

10 

10.60 

+  0.60 

10 

0.30 

20 

20.60 

+  0.60 

30 

0.54 

20 

20.58 

+0.58 

60 

0.78 

20 

20.60 

+  0.60 

10 

0.16 

30 

30.43 

+0.43 

30 

0.60 

30 

30.78 

+  0.78 

60 

0.68 

30 

30.50 

+  0.50 

10 

0.30 

40 

40.80 

+  0.80 

30 

0.52 

40 

40.98 

+  0.98 

60 

0.68 

40 

41.00 

+  1.00 

|l  Each  determination  made  in  presence  of  2  grams  of  magnesium  metal  as 
coride. 


'ble  III.  Estimation  of  Very  Low  Zinc  Content  in  Magnesium 

Alloy 

Polarographie  Proposed  Method 

%  % 


0.065 

0.067 

0.065 

0.065 

0.095 


0.07 

0.07 

0.07 

0.07 

0.10 


1  present  in  the  alloy,  add  approximately  3  grams  of  test  lead  to 
sample,  and  boil  for  5  minutes.  Decant  the  solution  through 
(Whatman  No.  1  filter  paper  into  a  600-ml.  beaker,  wash  the 
liidue  three  times  with  10-ml.  portions  of  distilled  water,  cool 
P approximately  45°  C.,  and  add  2  ml.  of  potassium  ferricyanide 
ngent.  Add  a  measured  excess  of  standard  potassium  ferro- 
lanide  reagent  dropwise  with  rapid  mechanical  stirring.  The 
ibpwise  technique  should  be  observed  for  the  first  few  milliliters, 
».er  which  the  reagent  may  be  added  more  rapidly.  Allow  the 
J3cipitate  to  stand  for  5  minutes,  and  filter  by  suction  through 
i  tem.  Buchner  funnel  into  a  500-ml.  suction  flask.  The  filter 
jd  consists  of  a  No.  42  Whatman  paper  covered  with  a  thin  layer 
c  asbestos.  Wash  two  times  with  15-ml.  portions  of  1  to  10  hy- 
nchloric  acid.  Titrate  the  excess  potassium  ferrocyanide  re¬ 
lent  with  standard  ceric  sulfate  solution.  Two  drops  of  o-phe- 
inthroline  ferrous  complex  reagent  are  used  as  the  internal 
i  lox  indicator.  An  indicator  correction  of  0.2  ml.  must  be  sub- 
t.cted  from  the  ceric  sulfate  titration. 

If  tin  is  present,  add  an  excess  of  saturated  mercuric  chloride 
i  ution  just  prior  to  the  addition  of  the  potassium  ferricyanide 
ngent.  Proceed  as  described  above,  making  the  final  titration 
I  tentiometrically  using  a  platinum  indicator-saturated  calomel 
Ilf-cell  electrode  system. 

DISCUSSION 

Iron  ( S )  normally  interferes  with  the  precipitation  of  zinc  as 
frocyanide,  yielding  high  results.  On  solution  of  magnesium 
toys  in  hydrochloric  acid,  the  iron  is  present  largely  in  the  fer¬ 
ns  state.  It  appears  that  the  addition  of  a  0.5%  solution  of 
■jtassium  ferricyanide  reagent  results  in  the  oxidation  of  ferrous 

i  n  ( 2 ),  producing  at  the  same  time  an  equivalent  of  ferrocyanide 

ii  which  is  precipitated  immediately  by  the  zinc  present.  The 
f  ric  iron  formed  apparently  remains  in  solution  as  a  soluble 
Iric  ferricyanide  complex.  As  the  precipitation  of  zinc  pro- 
t'ds,  the  ferric  iron  present  is  precipitated  as  ferric  ferrocyanide. 
■will  be  noted  from  Equations  1  and  2  that  more  ferrocyanide 
»  is  produced  through  the  addition  of  potassium  ferricyanide 
im  can  react  stoichiometrically  with  the  ferric  iron  formed: 

l++  +  Fe(CN)6 - =  Fe+++  +  Fe(CN)6 - 

(precipitated  by  Zn++)  (1) 

4Fe+++  +  3Fe(CN)6 - =  Fe4[Fe(CN)6]3  (2) 

Ilf  it  is  assumed  that  the  above  reactions  go  to  completion,  it 
l  uld  appear  that  1  mole  of  ferrous  iron  produces  1  mole  of  ferro- 
cmide.  The  mole  of  ferric  iron  produced  by  the  potassium 
fricyanide  oxidation  of  ferrous  iron  will  now  react  with  0.75 
1 4e  of  ferrocyanide,  which  means  that  an  excess  of  0.25  mole  of 


ferrocyanide  is  produced.  This  yields  low  results  for  zinc,  as 
illustrated  in  Table  I.  The  iron  normally  encountered  is  much  less 
than  that  added  in  this  study.  If  care  is  not  exercised  in  the 
filtration  of  a  sample  containing  very  low  zinc  and  a  few  hun¬ 
dredths  of  a  per  cent  of  iron,  a  small  quantity  of  colloidal  Prus¬ 
sian  or  Turnbull’s  blue  formed  in  the  presence  of  excess  potassium 
ferrocyanide  may  pass  through  the  filter.  This  yields  low  results 
for  zinc.  The  dropwise  addition  of  standard  ferrocyanide  tends 
to  reduce  this  potential  error. 

The  acid  concentration  employed  in  this  procedure  is  suffi¬ 
ciently  high  to  avoid  quantitative  interference  of  such  elements 
as  cadmium,  manganese,  or  tin.  Cadmium  alone  does  not  par¬ 
ticularly  interfere.  Cadmium  and  manganese  together  (or 
manganese  alone)  produce  a  slight  deviation  from  true  values. 
It  will  be  noted  from  Table  I  that  manganese  causes  high  results. 
Table  II  illustrates  the  amount  of  manganese  in  a  number  of  zinc 
ferrocyanide  precipitates.  The  interference  of  stannous  tin  is 
overcome  by  addition  of  an  excess  of  mercuric  chloride  prior  to 
addition  of  potassium  ferricyanide  reagent.  Under  these  condi¬ 
tions,  the  end  point  with  the  redox  indicator  is  indistinct;  there¬ 
fore,  the  titration  must  be  carried  out  potentiometrically.  Am¬ 
monium  salts,  excess  sulfates,  and  nitrates  interfere. 

A  single  analysis  on  a  magnesium  alloy  may  be  completed  in 
30  minutes.  The  method  is  capable  of  an  accuracy  ranging  from 
1  to  6%  of  the  amount  of  zinc  present  on  high  and  low  magnesium- 
zinc  alloys,  respectively.  On  magnesium  alloys  containing  less 
than  0.1%  zinc  the  method  is  much  less  accurate  (Table  III). 

In  general,  the  method  compares  favorably  with  the  accuracy 
attained  by  the  hydrogen  sulfide  procedure  for  zinc  and,  in  the 
hands  of  the  average  analyst,  gives  greater  precision.  Table  IV 
illustrates  the  agreement  between  the  twro  methods. 

Segregation  of  zinc  in  magnesium  alloys  may  account  for  some 
of  the  differences.  Determinations  were  not  made  on  aliquots. 
Therefore,  Table  IV  shows  the  agreement  in  results  which  may  be 
expected  in  ordinary  routine  analysis  by  the  separate  procedures. 


Table  IV.  Estimation  of  Zinc  in  Magnesium  Alloys 


Difference  Based 

Hydrogen  Sulfide 

Proposed 

on  Hydrogen  Sulfide 

Procedure 

Procedure 

Method 

% 

% 

% 

0.36 

0.36 

±0.00 

0.21 

0.20 

-0.01 

0.36 

0.37 

+  0.01 

0.18 

0.18 

±0.00 

0.20 

0.21 

+  0.01 

0.52 

0.51 

-0.01 

0.37 

0.40 

+  0.03 

0.42 

0.43 

+  0.01 

0.43 

0.43 

±0.00 

0.48 

0.48 

±0.00 

1.13 

1.14 

+  0.01 

3.09 

3.15 

+  0.06 

3.09 

3.13 

+  0.04 

3.14 

3.14 

±0.00 

‘  3.19 

3.18 

+  0.01 

3.24 

3.26 

+  0.02 

3.10 

3.16 

+  0.06 

3.14 

3.17 

+  0.03 

3.29 

3.33 

+  0.04 

3.04 

3.10 

+0.06 
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MICROCHEMICAL  BALANCES 

Errors  of  the  Kuhlmann  Balance 

ALSOPH  H.  CORWIN,  The  Johns  Hopkins  University,  Baltimore,  Md. 


Methods  are  described  for  the  location  of  many  of  the  errors  found 
in  microchemical  balances,  particularly  in  the  Kuhlmann  balance. 
These  fall  into  two  general  groups,  those  varying  with  the  environ¬ 
ment  and  those  entirely  resident  in  the  instrument.  In  the  first  group 
are  errors  due  to  temperature  gradients  in  the  balance  case,  to  humid¬ 
ity  changes,  to  uniform  temperature  changes,  and  to  magnetic  influ¬ 
ences.  In  the  second  group  are  those  due  to  reading,  to  the  imper¬ 
fection  of  the  knives,  to  poor  arrestment  design,  to  poor  rider  de¬ 
sign,  and  to  imperfect  machining  of  the  rider  notches.  Errors  vary¬ 
ing  with  environment  can  be  controlled  by  the  manufacturer  by  re¬ 
designing  the  instrument  or  by  the  user  by  controling  the  environ¬ 
ment.  Under  unfavorable  conditions,  they  may  range  up  to  several 
hundred  micrograms  but  under  usual  weighing  conditions  they  are  in 
the  range  of  0  to  20  micrograms.  Random  errors  in  the  instrument 
are  found  to  have  a  standard  deviation  of  nearly  5  micrograms  at  full 
load.  Methods  are  described  for  reducing  the  order  of  magnitude  of 
these  errors  to  about  one  microgram.  Later  communications  will 
deal  with  other  errors  to  be  found  in  other  balances  and  with  details 
of  design  and  construction  which  will  eliminate  these  errors. 

• 

IT  IS  now  generally  recognized  that  with  respect  to  speed  and 
I  economy  the  methods  of  milligram  analysis  are  superior  to 
those  of  decigram  analysis  which  have  long  been  standard  in 
■organic  analytical  work.  It  is  not  so  generally  recognized  that 
milligram  methods  as  presently  practiced  are  almost  uniformly 
inferior  in  accuracy  to  the  best  decigram  procedures  which  they 
are  designed  to  replace.  The  accuracy  of  the  determination  of 
carbon  and  hydrogen  on  the  milligram  scale  has  been  reported 
upon  by  Power  {27).  His  findings  contrast  with  the  accuracy 
reported  in  decigram  analyses  by  Benedict  {2),  Morse  and 
Taylor  (25),  Barnett  and  Thorne  (1),  Bruun  (3),  Coffari  (4),  and 
ing  ( 39 ),  to  select  only  a  few  examples.  In  1933  a  program  of 
research  was  initiated  in  this  laboratory  which  aimed  at  dis- 
co\  ering  the  fundamental  reasons  for  the  discrepancy  in  accuracy 
between  milligram  and  decigram  methods. 

It  was  soon  discovered  that  weighing  is  one  of  the  most  im¬ 
portant  sources  of  error  in  the  milligram  analysis  for  carbon  and 
hydrogen.  This  alone  is  larger  than  the  total  error  of  most  of  the 
decigram  methods  referred  to  above.  This  finding  has  been  sub¬ 
stantiated  by  Corner  and  Hunter  (6)  and  the  Committee  on 
Microchemical  Balances  of  the  Ameeican  Chemical  Society 
{32).  When  using  milligram  methods,  the  chemist  is  no  longer 
secure  in  his  accustomed  assumption  that  the  accuracy  of  his 
weighings  is  greater  than  the  accuracy  of  his  other  manipulations. 
As  a  result  of  this  finding,  a  systematic  investigation  to  determine 
the  causes  of  the  irregularities  observed  was  begun  in  this  labora¬ 
tory  .  This  paper  shows  the  presence  and  causes  of  weighing 
errors  sufficient  to  bring  about  a  maximum  analytical  error  of 
0.3%  in  carbon,  assuming  a  3-mg.  sample  containing  50%  carbon 
M  ith  ideal  laboratory  conditions.  A  ith  disturbing  environmental 
conditions,  this  error  may  mount  to  0.6%  or  even  higher.  Under 
normal  conditions,  the  error  would  not  frequently  reach  the 
maximum  value. 

Because  the  Kuhlmann  balance  is  the  most  widely  used  among 
analysts,  its  performance  was  investigated  first.  In  view'  of  re¬ 
ports  on  the  performance  of  the  Kuhlmann  balance  in  the  litera¬ 
ture  and  the  results  reported  in  this  paper,  it  is  amazing  to  find 
the  statement  by  Pregl-Roth  {28)  that  “this  balance  (the  Kuhl¬ 
mann)  represents  the  limit  of  possible  achievement  in  the  con¬ 
struction  of  balances  of  precision”.  It  seems  certain  that  the 


authors,  in  this  instance,  succumb  to  a  common  failing  in  ( 
fusing  sensitivity  wdth  accuracy  in  balances.  Thus  they  say, 
appears  to  be  easily  possible  to  obtain,  with  this  instrument, 
accuracy  of  ±0.001  mg.  on  a  weight  of  20  mg. — that  is,  a  se 
tiveness  of  10“ 7”.  The  author  has  examined  sixteen  Kuhlm 
balances  in  several  laboratories  and  in  no  case  W'as  half  an  ho 
examination  required  to  show'  that  the  accuracy  of  each  ins 
ment  w'as  only  a  fraction  of  its  sensitivity.  The  studies  recor 
in  this  paper  show  that  any  analyst  can  make  changes  w'hich 
improve  the  accuracy  of  his  balance. 

This  communication  presents  test  methods  for  locating  ; 
evaluating  the  errors  of  the  Kuhlmann  balance,  many  of  wl 
are  also  present  on  most  other  balances,  and  gives  suggest! 
which  will  enable  the  owrner  of  a  balance  to  decrease  the  maj 
tude  of  many  of  the  errors.  Later  papers  in  the  series  will  attei 
to  assay  all  the  features  of  design  and  workmanship  in  balar 
which  can  cause  errors  as  large  as  1  microgram. 

In  the  course  of  these  studies  it  was  realized  that  no  pallial 
measures  w'ould  be  sufficient  to  overcome  the  fundamei 
weaknesses  in  design  of  the  Kuhlmann  balance  and  that  the  o 
solution  to  the  analyst’s  problem  w'ould  be  the  construction  of 
entirely  newr  balance  with  the  errors  of  earlier  designs  eliminat 
In  the  last  few'  years,  the  importance  of  a  domestic  source 
supply  has  become  evident  to  all  and  this  series  of  papers  i 
present  the  results  of  numerous  experiments  on  balance  desi 
new  and  improved  test  methods,  details  of  construction,  to; 
ances,  and  specifications,  which  will  permit  domestic  mai 
facturers  to  produce  instruments  superior  to  the  best  foreign 
struments  and  with  a  reproducibility  of  1  microgram  urn 
laboratory  conditions.  As  a  result  of  this  study  a  new'  balai 
has  been  constructed  in  the  author’s  laboratory  which  gi- 
microgram  accuracy.  Details  of  its  construction  will  be  given 
the  appropriate  places  in  the  series. 

Examination  of  the  data  shows  that  the  errors  found  may 
divided  into  two  categories:  (1)  errors  caused  by  environmen 
changes  and  (2)  errors  entirely  resident  in  the  instrument.  T 
fact  has  given  rise  to  some  confusion  in  specification  and  to  var 
tions  in  reports  on  balance  performance. 

Errors  Caused  by  Environmental  Changes 

Manufacturers  possessing  air-conditioned  testing  rooms  w 
stable  supports  are  frequently  able  to  obtain  better  results  w 
their  instruments  than  users  with  laboratories  less  favoral 
equipped.  Makers  who  are  unable  to  guarantee  that  their 
struments  are  so  constructed  as  to  be  free  from  errors  due 
atmospheric  and  similar  changes  should  know  the  magnitude 
the  effects  to  be  expected  and  should  be  able  to  instruct  prospi 
tive  purchasers  as  to  the  best  precautions  to  be  taken  under  t 
available  laboratory  conditions.  Their  final  objective  should 
to  produce  instruments  which  are  not  affected  by  the  envirr 
mental  changes  encountered  in  a  chemical  balance  room  withe 
air-conditioning  or  other  special  preparation. 

Environmental  changes  which  may  affect  balances  and  wefi 
ings  are  changes  in  temperature,  humidity,  barometric  pressu 
magnetic  field,  tilt  of  the  building  and  balance  supports,  a 
vibration. 

ERROR  DUE  TO  TEMPERATURE  GRADIENT 

Manley  {19)  demonstrated  with  a  differential  bolometer  tli 
temperature  differences  exist  w'ithin  a  balance  case  under  t 
conditions  of  ordinary  use  and  showed  how  the  beam  of  t 
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dance  could  be  protected  against  such  an  effect.  In  a  later 
tide  {24)  he  ascribed  zero  point  shifts  to  lengthening  of  the 
earn  due  to  heating  and  to  the  change  in  buoyancy  of  air. 
jth  effects  should  cause  the  pointer  to  shift  as  if  the  heated  side 
the  beam  were  more  heavily  weighted. 

In  the  summer  of  1935  F.  S.  Arguelles  of  Seederer-Kohlbusch, 
ic.,  called  the  author’s  attention  to  the  fact  that  this  could  not 
:  the  true  explanation,  since  it  is  easily  demonstrated  that  the 

!  (inter  actually  shifts  as  if  the  heated  side  of  the  beam  were  less 
:avily  weighted.  This  can  be  illustrated  readily  even  with  a 
latively  insensitive  balance  by  placing  a  hot  object  above  one 
the  pans.  A  rising  current  of  air  will  result,  which  will  cause 
>  immediate  illusory  decrease  in  weight  on  the  heated  side. 
,3  far  as  the  author  is  aware,  no  experimental  method  has  been 
oposed  heretofore  for  demonstrating  whether  or  not  the  beam 
igthens  as  Manley  suggested  {26).  The  results  of  such  an  ex- 
riment  are  reported  here. 

A  study  was  made  of  the  shift  of  the  balance  rest  point  under 
mperature  differentials,  with  and  without  load.  If  the  condi- 
r>ns  causing  motion  of  the  air  near  the  beam  are  reproduced,  the 
1'iparent  decrease  in  weight  due  to  a  rising  air  current  will  be  the 
ime  at  all  loads.  On  the  other  hand,  any  effect  due  to  an  in- 
(3ase  in  the  length  of  the  beam  will  cause  an  apparent  increase 
weight  proportional  to  the  load  transported  away  from  the 
ater  knife  by  the  elongation  of  the  beam.  By  varying 
je  weight  on  the  end  knife,  the  effect  due  to  the  elongation  of  the 
am  may  be  differentiated  from  that  due  to  the  direct  action  of 
•  currents.  The  experimental  method  by  which  this  differentia¬ 
ls  is  accomplished  is  given  below. 

(Experiments.  The  following  experiments  cannot  be  per- 
•med  with  a  Kuhlmann  balance  because  of  the  impossibility  of 
iucing  sufficiently  the  initial  temperature  differential  in  the 
lhlmann  case.  Instead,  it  is  necessary  to  use  a  special  experi- 
■ntal  balance,  heat-insulated  to  eliminate  temperature  gradi- 
ts.  The  insulation  process  will  be  described  in  detail  in  a 
fer  communication. 

A.  wire  stand  is  arranged  inside  the  balance  case  to  support  a 
ited  object — for  example,  an  empty  absorption  tube — in 
proximately  the  position  which  it  would  occupy  if  it  were  being 
ighed  but  so  that  no  contact  is  actually  made  with  the  moving 
rts  of  the  balance.  Any  weight  desired  may  then  be  placed 
on  the  pans,  the  heated  object  inserted,  and  the  excursion 
the  pointer  noted  at  various  times.  The  differences  between 
r  readings  when  loaded  and  those  when 
loaded  at  corresponding  times,  all  other 
tors  remaining  constant,  permit  calcu- 
ion  of  the  effect  due  to  changes  in  arm 
gth  of  the  beam.  The  absorption  tube  is 
.ced  in  a  500-cc.  glass  cylinder  in  an  air 
;rmostat  heated  5°  to  10°  C.  above  room 
(iperature  and  allowed  to  remain  until 
lilibrium  has  been  established.  It  is  then 
nsferred  inside  the  cylinder  to  the  bal- 
;e  case  and  placed  upon  the  wire  stand  as 
ickly  as  possible  and  the  time  is  noted, 
lerably  with  a  stop  watch.  Using  this 
ihnique,  satisfactory  results  may  be  ob- 
aed  in  plots  of  the  displacement  of  the 
ance  against  the  time  elapsed  after  in- 
ting  the  warmed  tube. 

Che  experiment  is  performed  first  with 
loaded  pans  and  then  with  a  20-gram 
d.  The  two  runs  are  plotted,  the  weight 
the  pans  and  stirrups  is  determined,  and 
hird  curve  is  constructed  which  repre- 
ts  an  extrapolation  to  zero  load  at  the 
1  knife.  When  the  beam  expands,  it 
nsports  a  portion  of  its  own  weight  which 
mot  be  calculated  without  knowing  the 
iperature  gradient  in  the  beam  from  the 
ter  knife  to  the  end  knife.  The  major 

Ition  of  the  load  which  it  transports  is 
m  the  end  knife,  however,  and  for  this 
son  we  have  chosen  to  neglect  the  weight 
the  expanding  portion  of  the  beam, 
th  this  inaccuracy,  the  extrapolated  curve 


represents  the  effect  due  to  the  direct  action  of  the  air  stream 
alone,  the  difference  between  this  and  the  actual  curves  being 
due  to  the  expansion  of  the  beam  when  heated  by  the  air  stream. 
For  a  further  control,  a  thermocouple  may  be  installed  in  the 
case  with  one  junction  as  near  as  possible  to  the  heated  end  of 
the  beam  and  the  other  at  the  corresponding  position  near 
the  unheated  end  of  the  beam. 

The  results  of  a  typical  experiment  are  given  in  Figure  1.  An 
empty  absorption  tube  was  heated  9°  above  room  temperature, 
28°  C.,  and  temperature  differentials  between  the  end  knives 
were  read  with  a  40-gage  copper-constantan  thermocouple  con¬ 
nected  to  a  critically  damped  galvanometer  showing  a  deflection 
of  1  mm.  for  0.0004°  C.  In  the  first  series  of  observations  the 
pans  were  unloaded  and  zero  point  deflections  and  temperature 
differentials  were  recorded  as  nearly  simultaneously  as  possible. 
These  are  plotted  with  white  circles.  In  the  second  series  of 
observations  all  conditions  were  the  same  except  that  the  pans 
were  loaded  with  20  grams.  The  zero  point  deflections  and  tem¬ 
perature  differentials  are  plotted  with  black  circles.  Both  tem¬ 
perature  differentials  and  rest  point  displacements  are  plotted 
as  ordinates  against  time  as  the  abscissa. 

Examination  of  the  curves  in  Figure  1  will  show  that  an  initial 
thermocouple  deflection  of  0.01°  corresponds  roughly  to  an  error 
of  1  microgram  but  that  the  thermocouple  equilibrates  more 
rapidly  than  the  beam.  From  this  it  may  be  concluded  that 
temperature  differentials  as  great  as  0.01°  between  the  ends  of 
the  beam  are  not  to  be  tolerated.  This  is  in  general  agreement 
with  the  calculations  of  Manley  {18).  The  course  of  the  thermo¬ 
couple  decrements  in  the  two  experiments  serves  as  a  control 
upon  the  accuracy  of  the  reproduction  of  the  conditions.  In 
perfectly  matched  pairs  of  parallel  experiments  the  two  lines 
should  be  identical. 

The  curves  show  that  after  200  seconds  the  air  current  pro¬ 
duced  by  the  slightly  warmed  absorption  tube  caused  a  shift  of 
63  micrograms  in  the  rest  point.  Lengthening  of  the  beam  com¬ 
pensated  this  to  the  extent  of  about  10%,  7  micrograms,  at  zero 
load  and  more  than  a  third,  23  micrograms,  at  full  load.  After 
10  minutes  the  shift  due  to  the  air  current  had  fallen  to  21  micro¬ 
grams,  which  was  one-sixth  compensated  by  the  lengthening  of 
the  beam  at  zero  load  and  50%  compensated  at  full  load.  Ap¬ 
proximately  20  minutes  were  required  for  the  heating  error  caused 
by  the  tube  to  disappear. 

Obviously,  the  relative  magnitudes  of  the  air  current  effect 
and  the  expanding  beam  effect  depend  upon  such  factors  as  the 
size  of  the  surface  exposed  to  the  rising  air  current,  the  presence 
of  mechanisms  which  may  act  as  baffles  for  the  air  stream,  and  the 
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Figure  t .  Effect  of  Warm  Object  on  Balance 


First  series,  unloaded  pans: 


.  . -  _  _  •  rest  point  displacement;  — O  --O  --  temperature  differential. 

Second  series  20-gram  load:  —  • —  # —  rest  point  displacement;  —  —  temperature  differential, 

-x — x —  rest  point  displacement  extrapolated  to  zero  load  on  knife. 
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thermal  reflectivity  of  the  beam.  The  author  has  been  able  to 
construct  baffles  so  that  the  rising  air  current  pushes  the  beam  up 
from  its  tip  but  does  not  heat  it  appreciably,  turns  at  the  top,  and 
gently  descends  to  heat  the  arm  on  the  opposite  side.  In  this 
case  the  effects  reinforce  each  other.  Top  and  bottom  compart¬ 
ments  of  the  type  recommended  by  Manley  (20)  are  effective  in 
preventing  the  heating  of  the  beam  but  do  not  entirely  remove 
the  effects  of  temperature  gradients  on  the  zero  point,  since  air 
currents  in  the  lower  compartment  containing  the  pans  can  still 
affect  the  pans  directly. 

From  the  foregoing  discussion,  it  can  be  seen  that  temperature 
gradients  in  the  balance  case  can  easily  cause  errors  as  large  as 
100  micrograms,  thus  necessitating  the  waiting  period  after 
loading  which  is  recommended  by  Pregl.  Further,  even  with  a 
balance  which  does  not  permit  a  temperature  gradient  to  arise 
from  external  heating  in  the  laboratory  atmosphere,  the  5-minute 
period  ordinarily  recommended  after  a  brief  cooling  might  not  be 
sufficient  for  complete  temperature  equilibration.  With  a  poorly 
insulated  balance,  equilibration  may  never  take  place  except 
momentarily  by  chance.  Finally,  the  absolute  magnitude  of  the 
effects  due  to  gradients  in  temperature  depends  upon  the  details 
of  construction  of  the  balance  but  gradients  as  large  as  0.01 0  are 
certainly  to  be  avoided. 

HUMIDITY  COEFFICIENT 

Changes  in  temperature  ordinarily  bring  with  them  changes  in 
relative  humidity.  Hence,  if  an  instrument  possessed  a  humidity 
coefficient,  this  would  affect  the  results  obtained  upon  exposing 
it  to  temperature  changes.  The  importance  of  humidity  control 
in  weighing  glass  was  recognized  by  Dumas  and  Regnault  in 
early  gas  density  determinations  (7,  30).  The  weight  of  skins  of 
moisture  on  glass  was  determined  by  Manley  (21)  and  on  metaflic 
surfaces  by  Stromberg  (36) .  Since  laterally  unsymmetrical 
effects  due  to  humidity  changes  are  conceivable,  it  is  necessary  to 
evaluate  the  humidity  coefficient  of  a  balance  before  it  is  possible 
to  evaluate  its  temperature  coefficient  accurately. 

If  we  assume  that  changes  in  weight  of  absorbing  materials  are 
linear  with  relative  humidity,  we  shall  have  a  convenient  basis 
for  comparison  of  results  and  for  the  setting  of  tolerances.  Since 
it  has  been  observed  that  atmospheric  humidity  may  change  as 
much  as  10%  per  hour  and  since  we  wish  no  error  as  large  as  1 
microgram,  we  may  set  as  an  acceptable  tolerance  that  a  balance 
may  shift  0.5  mierogram  with  10%  change  in  humidity.  This 
gives  a  tolerable  “humidity  coefficient”  of  0.05  microgram  per 
degree  C. 

Experiments.  A  large  “air-conditioned”  box  was  constructed 
from  composition  board  and  covered  with  shellac  inside.  It  was 
fitted  so  that  the  humidity  could  be  increased  by  leading  in  air 
saturated  with  moisture  or  decreased  by  circulating  the  air  over 
calcium  chloride  with  a  fan.  As  performed,  the  humidity  tests 
were  not  strictly  isothermal,  variations  as  large  as  3°  C.  taking 
place  during  the  day  or  more  required  for  a  complete  experiment. 

A  test  balance  constructed  in  the  author’s  shops  was  used  in 
this  experiment  and  certain  others.  As  is  demonstrated  in  ex¬ 
periments  recorded  below,  the  only  feature  of  importance  in  the 
humidity  error  is  the  size  and  nature  of  the  bearings  used.  This 
test  balance  was  constructed  with  large  agate  bearings  the  size 
of  those  used  in  commercial  200-gram  capacity  balances.  The 
center  knife  weighed  about  750  mg.,  the  end  knives  about  275 
mg.  each,  and  end  flats  about  250  mg.  each.  The  balance  was 
placed  in  the  box  at  25.5°  C.  and  25%  humidity,  determined  with 
a  Friez  precision  hair  hygrometer.  The  zero  point  was  read  and 
the  humidity  was  then  increased  to  73%,  the  temperature  chang¬ 
ing  meanwhile  to  28.3°.  The  zero  point  shift  was  +142  micro¬ 
grams,  representing  a  humidity  coefficient  of  2.96.  On  drying, 
the  rest  point  shifted  in  the  opposite  direction  but  did  not  return 
to  its  original  value  during  the  remainder  of  a  working  day,  when 
the  experiment  was  discontinued.  It  was  difficult  to  secure 
reliable  results  by  this  method  because  of  vibration. 

The  humidity  coefficient  may  also  be  estimated  by  a  more 
convenient  method,  requiring  no  special  equipment  except  a 
hair  hygrometer.  The  initial  humidity  and  zero  point  are  de¬ 
termined  and  then  two  sponges  moistened  with  5  to  10%  sulfuric 
acid  2  to  3°  above  room  temperature  are  placed  in  Petri  dishes 


or  watch  glasses  arranged  symmetrically  with  respect  to  the  p 
inside  the  balance  case.  The  case  is  closed  and  the  balanci 
allowed  to  stand  for  at  least  2  hours  to  equilibrate.  Zero  pc 
readings  are  taken  until  no  change  is  observed  on  15  minu 
standing.  The  values  of  humidity  and  zero  point  are  then 
corded.  Occasionally  several  hours  are  required  for  comp] 
equilibration. 

When  the  foregoing  experiment  was  performed  upon  a  Ki 
mann  balance,  the  zero  point  shifted  15  micrograms  on  going  fr 
20  to  90%  relative  humidity.  This  is  a  remarkably  small  cha 
but  not  a  negligible  one  if  accuracy  to  1  microgram  is  essent 
since  the  coefficient  is  0.214  or  four  times  the  tolerable  coeffiei 
chosen  above.  Drying  the  balance  case  caused  the  zero  point 
return  slowly  to  its  original  value  but  2  days  were  required  bef 
the  process  was  complete. 

It  is  possible  to  demonstrate  that  the  humidity  coefficieni 
due  to  the  hygroscopic  nature  of  the  bearings,  being  almost 
tirely  caused  by  the  fact  that  water  absorption  by  one  end  be 
ing  is  not  exactly  compensated  by  that  of  the  other  end  beari 
This  demonstration  is  accomplished  by  a  series  of  experimei 
described  below. 

An  ordinary  agate  center  knife  was  cleaned  with  acetone  a 
placed  in  a  drying  chamber  under  oil  pump  vacuum  for  4  ho 
at  100°  C.,  then  cooled  to  balance  temperature  under  vacut 
and  weighed  as  rapidly  as  possible.  It  was  allowed  to  equilibr 
with  the  atmosphere  at  27%  humidity  and  the  gain  in  weij 
was  found  to  be  603  micrograms.  It  is  highly  unlikely  that  t 
bearings  made  of  this  material  would  change  by  exactly  eq 
amounts  or  at  equal  rates  on  humidification.  Thus  we  havi 
possible  explanation  of  the  coefficient  observed. 

Two  sets  of  end  bearings,  knives,  and  flats,  selected  at  rand' 
from  a  large  supply  and  identical  in  size  with  those  used  in  i 
humidity  test  balance  described  above,  were  equilibrated  agar 
each  other  at  42%  humidity  and  again  at  83%.  The  exc 
change  in  weight  over  the  change  due  to  the  balance  itself  v 
152  micrograms.  A  balance  with  these  knives  would  have  hai 
coefficient  of  3.71.  This  is  comparable  with  that  of  2.96  fou 
in  the  test  balance  with  similar  bearings,  showing  that  the  < 
served  humidity  coefficient  may  be  ascribed  to  unsymmetri 
absorption  of  moisture  by  the  end  bearings. 

It  is  not  to  be  expected  that  any  lack  of  symmetry  in  t 
respect  in  the  center  knife  would  seriously  affect  the  result,  sii 
the  average  lever  arm  of  the  center  knife  is  about  V&o  of  that 
the  end  bearings  and  the  moment  resulting  from  an  unsymn 
trical  change  in  weight  of  the  center  knife  would  be  correspoi 
ingly  small.  That  this  is  true  can  be  demonstrated  by  removi 
the  end  knives  and  bearings  from  a  balance  and  measuring 
humidity  coefficient  when  adjusted  as  a  compound  pendulu 
A  balance  in  this  condition  was  adjusted  back  to  its  origii 
sensitivity  by  lowering  the  center  of  gravity  nut  and  its  humid 
coefficient  determined.  Between  41  and  80%  the  shift  in  z< 
point  corresponded  to  a  change  of  only  2  micrograms,  a  coeffick 
of  0.051.  Even  this  small  change  may  be  removed  by  the  proci 
of  impregnation  described  below. 

Since  the  humidity  error  may  be  of  such  magnitude,  it  v 
felt  desirable  to  reduce  or  eliminate  it  before  studying  the  te: 
perature  coefficient.  One  possible  method  for  reducing  the  eri 
is  impregnation  of  the  agate  with  a  wax  or  plastic,  the  othei 
search  for  a  material  of  smaller  intrinsic  hygroscopic  natu 
Both  these  methods  were  tried  successfully. 

Agate  1.  An  ordinary  center  knife  weighing  744  mg.  w 
ground  on  all  faces  with  400-mesh  Carborundum,  cleaned,  dri 
as  above,  and  tested  for  hygroscopic  gain  as  a  control.  ( 
equilibrating  at  30%  humidity  it  gained  500  micrograms. 

Agate  2.  An  ordinary  center  knife  was  refluxed  in  G.  E.  N 
3200  Bakelite  “Monomer”  (obtained  through  the  courtesy 
G.  F.  D’Alelio,  head  of  the  Plastics  Laboratory,  General  Elect) 
Co.,  Pittsfield,  Mass.)  for  24  hours,  removed,  and  wiped.  It  w 
heated  to  70°  C.  for  7  hours  to  remove  alcohol  and  then  curi 
at  100°  C.  for  24  hours.  It  was  then  ground  on  all  faces  with  40 
mesh  Carborundum  to  remove  the  resin  on  the  surface.  Final 
it  was  dried  as  above  and  tested.  On  humidification  it  gaim 
50  micrograms.  This  experiment  shows  that  it  is  feasible 
force  plastic  materials  into  the  pores  of  agate  by  this  method. 

The  test  balance  used  with  plain  agate  in  the  earlier  humid! 
experiment  was  fitted  with  knives  and  stirrup  flat  bearings  ir 
pregnated  as  described  for  agate  2  and  sponges  were  added 
increase  the  humidity.  Changing  from  38  to  90%  humid! 
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used  a  shift  of  72  micrograms.  This  is  a  coefficient  of  1.38 
.0  compared  with  2.96  found  with  the  same  balance  with  un¬ 
dated  knives.  This  represents  an  improvement  over  the  earlier 
p-formance  of  the  balance  but  not  a  satisfactory  result.  After 
Ibeated  reimpregnation  of  these  bearings  it  was  found  possible 
t  reduce  the  humidity  change  to  5  micrograms  with  50%  gain 
i  humidity,  a  coefficient  of  0.10  or  twice  the  tolerance.  The 
fccess  of  impregnation  improved  the  performance  of  this  balance 
•vih  respect  to  humidity  changes  over  that  of  the  Kuhlmann,  even 
tough  the  Kuhlmann  has  the  advantage  of  much  smaller  bear- 

Is 

iBoron  Carbide  Flat.  This  was  a  trapezoidal  bar  5-6  X  6  X .20 
in.  and  weighing  686  mg.  It  was  cleaned  with  acetone,  dried, 
#i  tested  as  above.  No  gain  in  weight  with  humidification 
chid  be  detected.  Unfortunately,  the  test  balance  could  be 
fled  with  a  boron  carbide  bearing  only  in  the  center.  Up  to 
k  present  time  the  author  has  not  been  able  to  fit  a  balance  with 
Iron  carbide  bearings  throughout. 

It  thus  seen  that  the  low  porosity  of  boron  carbide  makes  it  an 
<al  material  for  removing  the  humidity  coefficient  due  to 
5roscopic  knives  but  that  more  than  95%  of  the  difficulty  can 
removed  by  impregnation  with  Bakelite,  thus  making  a  care- 
ly  impregnated  agate  bearing  system  available  for  use  in  the 
termination  of  temperature  coefficients.  A  detailed  discussion 
the  preparation  and  performance  of  these  and  other  bearing 
.terials  will  be  given  in  a  subsequent  communication, 
liince  the  determination  of  the  humidity  coefficient  of  an  oper- 
ng  balance  is  such  an  easy  experiment,  requiring  only  a  good 
r  hygrometer  and  the  inconvenience  of  withdrawing  the 
.ance  from  use  for  a  day,  it  is  earnestly  recommended  that  as 
(ny  users  as  possible  perform  this  experiment  to  acquaint 
.•mselves  with  an  important  feature  of  the  performance  of  their 
truments. 

SHIFTS  CAUSED  BY  UNIFORM  TEMPERATURE  CHANGES 

4  balance  containing  repeatedly  impregnated  agate  bearings 
i  fitted  with  an  all-aluminum  case  as  a  shield  was  placed  in  an 
thermostat.  The  zero  point  was  determined  and  the  air 
;h  was  heated  to  38-40°  C.  and  allowed  to  equilibrate  at  this 
aperature.  The  zero  point  was  then  redetermined.  Numer- 
i  experiments  of  this  character  were  performed  and  many 
ublesome  irreversible  effects  were  discovered  which  will  be 
‘ated  in  greater  detail  in  a  subsequent  communication.  On  the 
ter  hand,  reversible  shifts  in  zero  point  in  a  beam  free  from 
iversible  shifts  and  from  humidity  errors  were  found  to  be  very 
all,  of  the  order  of  1  to  2  micrograms  per  10°  C. 

Manley  (24)  speculates  as  to  the  cause  of  the  observed  tem- 
•ature  coefficients  of  balances  and  ascribes  them  to  shifts  in 
i;  relative  positions  of  adjusting  screws.  It  is  easily  demon- 
ated,  however,  that  balances  containing  force-fitted  knives 
ain  temperature  coefficients.  In  1926  Manley  (22)  reported 
nervations  upon  the  behavior  of  a  balance  made  with  an 
far  beam  and  agate  knives.  In  spite  of  the  supposedly  small 
•fficient  of  expansion  of  the  material  of  the  beam,  the  balance 
d  had  a  relatively  large  “temperature  coefficient”.  All  these 
•nervations  support  the  conclusion  drawn  experimentally  above 
it  the  major  portion  of  the  temperature  coefficient  of  a  balance 
y  be  in  reality  its  humidity  coefficient, 
n  an  exchange  of  correspondence  with  W.  H.  F.  Kuhlmann, 
nufacturer  of  the  Kuhlmann  balance,  in  1935,  the  author 
iided  to  the  small  temperature  coefficient  of  the  Kuhlmann 
ance.  Dr.  Kuhlmann  replied  that  several  users  had  con¬ 
ned  the  small  temperature  coefficient  of  his  balances  as  con- 
iSted  to  other  balances  but  that  he  had  observed  that  some  of 
,  balances  had  greater  sensitivity  to  temperature  changes 
n  others.  He  said  that  the  source  of  this  discrepancy  was  a 
astery  to  him  and  that  he  had  been  unable  to  discover  its 
•ise.  It  should  be  noted  that  Schwarz-Bergkampf  (34)  re- 
I  ted  a  relatively  large  temperature  coefficient  for  his  Kuhlmann 
lances. 

.  In  examination  of  the  Kuhlmann  balance  shows  that  it  has  a 
■  ch  smaller  weight  of  agate  in  the  end  knives  and  stirrup  flat 
b  .rings  than  other  balances.  The  end  knife  is  truncated  to 
•ure  a  lateral  adjustment  of  parallelism  with  the  center  knife 


and  the  length  and  thickness  of  all  end  bearings  are  smaller  than 
average.  The  flat  bearings  weigh  less  than  25  mg.  and  the  knives 
weigh  about  20  mg.,  making  a  total  of  about  45  mg.  of  agate  in 
each  end  bearing  as  compared  with  525  mg.  in  the  test  balance 
used  above.  Thus,  if  the  humidity  coefficients  of  both  samples 
of  agate  were  identical  and  the  random  match  between  the  sets 
of  end  bearings  equally  good  we  should  expect  the  Kuhlmann 
humidity  coefficient  to  be  9%  of  2.96  or  0.266  instead  of  0.214 
found.  Better  or  poorer  match  between  end  bearings  should  give 
better  or  poorer  coefficients,  accounting  for  the  observed  vari¬ 
ations. 

These  facts  account  for  the  remarkably  small  humidity  co¬ 
efficient  actually  observed  on  the  Kuhlmann  balance  tested  here 
and,  in  the  opinion  of  the  present  author,  they  also  account  for 
the  balance’s  small  “temperature  coefficient”.  The  author’s 
experiments  with  impregnation  indicate  that  a  single  impregna¬ 
tion  of  the  Kuhlmann  agates  should  bring  the  humidity  co¬ 
efficient  very  close  to  the  tolerance  chosen.  Thus  three  methods 
are  open  to  the  balance  designer  who  wishes  to  produce  an  in¬ 
strument  with  low  humidity  coefficient  and  low  temperature 
coefficient:  (1)  use  tiny  agate  bearings;  (2)  use  more  substantial 
agate  bearings  and  impregnate  them;  (3)  construct  all  bearings 
of  a  material  like  boron  carbide  which  is  insensitive  to  humidity 
changes. 

Still  another  temperature  effect  should  be  pointed  out  in  this 
section.  The  usual  practice  in  balance  construction  is  to  make 
the  beam  from  metal  with  a  fairly  high  thermal  coefficient  of  ex¬ 
pansion  and  the  knives  from  agate  or  other  material  of  low  coeffi¬ 
cient.  When  a  beam  so  constructed  is  subjected  to  extreme 
temperature  changes,  strains  may  be  set  up  which  will  perma¬ 
nently  affect  the  adjustment  of  the  knives.  Thus  a  Kuhlmann 
balance  was  exposed  to  an  outside  temperature  of  —21°  C.  over¬ 
night  and  when  it  was  allowed  to  regain  room  temperature  it  was 
found  that  the  sensitivity-with-load  relationship  was  permanently 
changed,  the  sensitivity  at  full  load  being  only  60  instead  of  100 
micrograms.  This  shows  that  it  is  not  desirable  to  ship  pre¬ 
cision  balances  during  extremely  cold  weather. 

MAGNETIC  INFLUENCES 

The  possibility  that  variations  in  the  earth’s  magnetic  field 
might  influence  the  zero  point  of  a  balance  was  apparently  first 
appreciated  by  Manley  (21),  whose  Invar  beam  was  ferromag¬ 
netic.  An  appreciable  error  due  to  the  use  of  steel  bearings  was 
also  found  by  McBain  and  Tanner  (15)  in  a  more  sensitive 
balance.  The  use  of  magnetic  material  in  the  moving  parts  of  a 
precision  balance  is  to  be  deplored,  yet  the  Kuhlmann  balance 
has  steel  screws  that  are  used  for  adjusting  the  positions  of  the 
knives.  Since  magnetic  field  changes  in  a  modern  laboratory 
may  be  considerably  greater  than  those  resulting  from  the  di¬ 
urnal  variations  in  terrestrial  magnetism  which  affected  Manley’s 
instrument,  it  was  deemed  necessary  to  determine  the  magnitude 
of  the  effect  of  magnetic  field  variations  upon  the  Kuhlmann 
balance. 

Experiments.  A  tangent  galvanometer  was  modified  by  the 
removal  of  its  base  and  its  indicating  needle  in  such  a  fashion  that 
it  could  be  used  as  the  source  of  a  small  magnetic  field  of  known 
intensity.  The  large  coil  was  supported  in  a  horizontal  position  on 
top  of  the  case  of  the  Kuhlmann  balance  and  readings  were  taken 
without  the  current  flowing  and  immediately  afterwards  with  the 
current  flowing  but  without  arresting  the  beam.  Duplication  of 
the  experiment  gave  results  concordant  within  the  reading  error 
of  the  instrument.  Imposing  in  this  manner  a  vertical  field  of 
1.7  e.g.s.  units  caused  a  zero  point  shift  of  10  micrograms. 
Since  the  vertical  component  of  the  magnetic  field  at  the  labora¬ 
tory  was  0.552  unit  at  the  time,  the  deviation  from  the  true  rest 
point  caused  by  the  vertical  magnetic  component  was  3.3  micro¬ 
grams.  J.  A.  Fleming,  director  of  the  Department  of  Terrestrial 
Magnetism,  Carnegie  Institution  of  Washington,  has  very  kindly 
informed  the  author  that  during  times  of  great  magnetic  dis¬ 
turbances  variations  as  large  as  0.02  e.g.s.  unit  are  found  in 
Washington.  Using  this  figure,  we  should  calculate  a  maximum 
disturbance  of  4%  of  the  total  force  or  0.1  microgram,  due  to 
variations  in  the  vertical  component. 
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The  experiment  was  repeated  with  the  coil  of  the  tangent 
galvanometer  encircling  the  case  of  the  Kuhlmann  balance  at 
the  center  and  in  a  vertical  position,  thus  creating  a  horizontal 
field  parallel  to  the  beam.  Imposing  a  field  of  2.28  units  caused 
a  change  of  69  micrograms.  Since  the  horizontal  component  of 
the  field  at  the  laboratory  was  0.207  unit  at  the  time,  the  per¬ 
manent  deviation  from  the  true  rest  point  caused  by  this  field 
was  6.5  micrograms,  corresponding  to  a  maximum  variation  of 
4%  of  this  amount  or  0.24  microgram. 

It  is  thus  apparent  that  the  degree  and  distribution  of  residual 
magnetism  in  this  particular  beam  are  such  that  the  errors 
caused  by  the  earth’s  magnetic  fluctuations  are  smaller  than  1 
microgram.  On  the  other  hand,  magnetic  fluctuations  caused  by 
electrical  installations  such  as  motors,  generators,  rheostats,  or 
resistance  furnaces  may  be  many  times  those  of  the  earth.  An 
analyst  using  a  Kuhlmann  balance  or  any  other  with  magnetic 
parts  in  the  vicinity  of  electrical  installations  would  have  to  take 
precautions  to  ensure  protection  against  this  effect.  This  could 
probably  be  most  easily  achieved  by  the  use  of  a  soft  iron  screen 
of  high  permeability  and  low  retentivity. 

The  magnetic  error  of  the  Kuhlmann  balance  is  small  in  a 
vertical  field  because  the  magnetic  screws  are  symmetrically 
placed  with  respect  to  the  knife  in  the  horizontal  direction.  Thus 
vertical  fields  bring  about  only  small  torques  due  to  differences 
between  the  screws  with  respect  to  residual  magnetism.  The 
relatively  large  sensitivity  to  horizontal  fields  is  caused  by  the 
fact  that  in  the  vertical  direction  the  screws  are  unsymmetrically 
placed,  exerting  a  considerably  greater  torque  above  the  knife 
than  below  it.  Occasionally,  analytical  balances  have  been 
found  with  magnetic  pointers.  These  would  cause  more  serious 
errors  due  to  the  large  moment  which  would  be  exerted  by  a 
force  at  such  a  distance  from  the  knife  edge. 

OTHER  ENVIRONMENTAL  EFFECTS 

Changes  in  barometric  pressure  can  affect  results  only  if  the 
materials  of  the  two  sides  of  the  balance  are  of  different  density. 
Such  differences  are  seldom  observed  in  balances  themselves  but 
are  regularly  found  in  microchemical  weighings,  due  to  faulty 
taring.  Taring  by  the  Pregl  method  can  give  rise  to  errors  as 
large  as  100  micrograms  or  more  in  a  single  absorption  tube  if  the 
barometric  pressure  changes  by  20  mm.,  a  change  which  has  been 
observed  in  this  laboratory  on  more  than  one  occasion  during 
storms.  The  importance  of  proper  taring  has  been  fully  under¬ 
stood  by  chemists  for  many  years  and  satisfactory  methods  were 
developed  by  Regnault  (SO)  in  1845  to  permit  the  determination 
of  gas  densities.  Discussions  of  the  applications  to  microchemical 
weighings  can  be  found  in  articles  by  Friedrich  (8),  Williams 
(38),  and  MacNevin  and  Varner  (16). 

The  effect  of  tilting  of  the  balance  support  was  pointed  out  by 
Manley  (24),  while  vibration  has  been  discussed  by  Kirner  (13) 
and  Howard  (12).  Further  comments  on  these  subjects  will  be 
made  in  a  later  communication. 

Errors  Entirely  Resident  in  the  Instrument 

The  instrumental  errors  which  are  independent  of  environ¬ 
mental  changes  fall  into  two  classes.  Most  of  them  are  random 
errors  which  may  be  treated  by  statistical  methods.  These  have 
been  applied  by  Corner  and  Hunter  (6)  and  the  methods  used  in 
the  author’s  laboratory  do  not  differ  essentially.  Two  do  not 
fall  into  this  category  and  will  be  discussed  separately. 

Data  and  Statistical  Method  Used.  The  primary  objective 
of  the  statistical  procedures  followed  in  recording  the  observa¬ 
tions  below  is  not  to  evaluate  errors  accurately  but  to  locate  them 
and  to  make  possible  their  reduction  or  elimination. 

In  the  accompanying  tables  are  recorded  the  number  of  ob¬ 
servations,  the  standard  deviation,  a,  and  another  measure  of 
reliability  which  seems  appropriate  for  the  purposes  of  the  in¬ 
vestigation,  designated  as  E^,  defined  as  =  2.65  a.  If  we 
assume  a  normal  Gaussian  distribution  of  errors,  the  probability 
is  that  99%  of  the  errors  are  less  than  E»»  and  only  1%  is  greater. 


Since  many  of  the  errors  studied  approach  normal  distribu 
fairly  closely,  a  deviation  of  the  magnitude  of  E 99  will  encomj 
practically  all  the  valid  observations.  This  measure  is  adoj 
because  of  the  custom  frequently  followed  by  analysts 
recommended  in  standard  works  on  microchemical  procedtir 
permitting  the  balance  to  stand  for  a  predetermined  time  a 
closing  the  case,  then  releasing  the  mechanism  and  mat-in 
single  observation  of  the  deflection  from  three  readings  of 
pointer.  Assuming  that  there  is  no  drift  in  the  balance  but  t 
only  random  errors  are  at  work,  what  is  the  maximum  erro; 
be  expected  from  this  procedure?  The  answer  to  this  quesl 
is  the  real  test  of  the  validity  of  the  procedure. 

While  the  criterion,  E 99,  might  appear  to  be  unreasons 
rigorous,  it  should  be  remembered  that  the  determination  of  i 
bon  and  hydrogen  requires  six  weighings  and  so,  on  an  aver; 
one  out  of  seventeen  analyses  will  be  affected  with  an  error  of 
magnitude  or  greater.  On  the  other  hand,  the  chances  t 
errors  of  this  magnitude  will  affect  more  than  one  weighing  ir 
analysis  are  negligible. 

Standard  deviations  have  been  calculated  by  the  use  of 
formula 

<r  —  ±  \/s(2J2)/(n—  1) 

where  v  is  the  variation  of  each  observation  from  the  mean  : 
n  is  the  number  of  observations. 

Many  of  the  sets  of  observations  recorded  have  been  founc 
approximate  roughly  a  Gaussian  curve  and  others  to  represei 
curve  only  slightly  skewed.  It  follows  immediately  that 
simplest  method  for  increasing  the  accuracy  of  results  in  mil 
analysis  is  to  adopt  the  time-honored  device  of  making  a  lai 
number  of  observations  than  one  and  to  use  the  arithmet 
mean.  The  observations  recorded  in  the  following  sections 
give  an  idea  of  the  efficacy  of  the  statistical  method  in  improv 
the  precision  of  the  weighings  in  various  circumstances  anc 
the  limitations  of  the  method  as  applied  to  balances  commerci: 
available. 


Table  I.  Reading  Error 


Observations 

v,  y 

Ex,  y 

14 

0.8 

2.1 

10 

1.3 

3.4 

10 

0.8 

2.1 

10 

0.9 

2.3 

10 

0.8 

2.1 

READING  ERROR 

It  is  obvious  that  the  process  of  interpolation  commonly  i 
ployed  in  estimating  the  pointer  reading  to  1  microgram  on  c< 
mereial  balances  will  cause  an  error  whose  magnitude  will  v 
with  the  operator  and  with  the  conditions  of  the  observatk 
To  dissociate  this  error  from  all  others  is  very  difficult,  yet 
estimation  of  its  magnitude  must  be  obtained  in  order  to  evalu 
other  errors. 

The  method  adopted  is  to  release  the  balance  so  that  it  ha 
moderate  amplitude  of  oscillation  and  to  record  a  series  of  tei 
more  successive  deflection  determinations,  each  calculated 
usual  from  three  reversal  points.  If  the  ten  show  a  marl 
drift,  the  error  can  usually  be  laid  to  unequal  heating,  as 
been  developed  above.  In  this  case  the  set  is  discarded  for 
purpose  of  evaluation  of  the  interpolation  error.  If  a  sh 
break  is  recorded  in  the  series  of  deflection  determinations, 
that  the  values  fall  into  two  distinct  series,  the  members  of  wh 
agree  closely,  the  error  at  the  break  is  probably  due  to  mechani 
damage  at  the  knife,  as  is  developed  below.  In  this  case  a 
the  set  is  discarded.  If  neither  drift  nor  break  intervenes 
may  be  assumed  that  the  residual  errors  are  due  to  interpolati 
A  series  of  ten  is  probably  not  sufficient  to  estimate  the  ei 
accurately,  yet  a  series  very  much  longer  is  difficult  to  proci 
owing  to  decrement.  Table  I  gives  the  results  of  five  series 
many  determined  by  different  observers  in  this  laboratory  o 
Kuhlmann  balance  equipped  with  a  concave  mirror.  Ei 
observation  is  calculated  from  three  reversal  points. 
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According  to  these  results,  the  observer  who  made  the  second 
Lies  would  not  be  justified  in  relying  on  a  single  interpolation 
s  being  more  accurate  than  3  to  4  micrograms.  F or  general  pur- 
oses  we  may  assume  that  the  E„  due  to  reading  error  is  of  the 
rder  of  2  micrograms.  It  follows  immediately  that  the  operator 
/ho  wishes  to  assure  microgram  accuracy  must  provide  himself 
rith  a  balance  that  reads  directly  to  micrograms  and  auto- 
aatically  eliminates  the  interpolation  error.  If  such  an  instru- 
aent  is  not  available,  he  must  have  recourse  to  multiple  observa- 
ions.  The  accuracy  of  the  observations  on  the  Kuhlmann  con¬ 
cave  mirror  balance 
may  be  increased 
by  the  use  of  a 
mounted  magnifier. 
Table  II  gives  the 
results  of  two  rep¬ 
resentative  series  on 
the  same  balance  with  a  1.5- 
power  magnifier. 

While  errors  of  this  magnitude 
would  prevent  attaining  micro¬ 
gram  accuracy  by  a  nonstatisti- 
cal  method  if  a  balance  were 
otherwise  perfect,  the  larger 
errors  which  accompany  it  in  the 
Kuhlmann  balance  minimize  the 
effect  due  to  interpolation. 


S  3 


PAN  ARRESTMENT  ERROR 

The  pan  arrestments  upon  the 
Kuhlmann  balance  are  of  fixed 
length,  while  the  bows  stretch 
when  loaded.  As  a  result,  the 
distance  from  the  stirrup  arrest¬ 
ment  to  the  bottom  of  the  pan 
increases  with  increasing  load. 
When  the  rigid  pan  arrestment 
ouches  the  stretched,  freely  swinging  pan,  it  tilts  the  pan  and, 
onsequently,  the  stirrup,  as  illustrated  in  Figure  2. 


Figure  2.  Stirrup 


Table  II.  Accuracy  of  Observations 


No.  of  Observations 

10 
10 


0.6 

0.5 


f?99,  y 

1.6 

1.3 


This  effect  may  occasionally  be  avoided  if  the  center  of  gravity 
pf  the  pan  and  load  system  falls  exactly  above  the  pan  arrest¬ 
ment.  The  farther  the  load  is  from  the  arrestment,  the  more 
difficult  it  will  be  to  secure  this  adjustment.  This  leads  to  diffi¬ 
culties  in  weighing  absorption  tubes  which  are  ordinarily  placed 
some  distance  above  the  pan  arrestment.  Even  if  the  center  of  the 
pan-load  system  is  above  the  pan  arrestment,  the  mechanical 
nstability  of  this  system  with  respect  to  its  point  of  support 
makes  it  impossible  to  secure  uniformly  reliable  vertical  lifting. 
Any  tilting  causes  an  error  upon  the  subsequent  releasing  of  the 
beam,  due  to  faulty  replacement  of  the  flat  bearing  on  the  end 
knife.  The  magnitude  of  the  error  is  dependent  not  only  upon 
the  load  but  upon  the  method  of  loading.  The  error  was  ex¬ 
amined  by  statistical  procedures  similar  to  those  set  forth  in 
succeeding  sections.  In  one  series  of  observations  the  pans  were 
arrested  and  in  an  otherwise  identical  series  the  pan  arrestments 
were  removed.  This  error  does  not  follow  a  Gaussian  prob¬ 
ability  curve  at  any  load.  With  9-gram  absorption  tubes  it  ap¬ 
pears  to  have  a  ‘‘standard  deviation”  in  the  neighborhood  of 


1.5  micrograms,  corresponding  to  Em  of  3.9  micrograms.  Closer 
evaluation  is  of  little  interest  because  the  error  may  be  eliminated 
by  substituting  flexible  arrests  for  the  fixed  arrests  provided  by 
the  manufacturer.  A  simple  design  for  such  arrests  is  shown 
in  Figure  3.  For  safety,  the  arrestment  should  be  compressed 
by  loads  of  less  than  1  gram. 

The  author  was  not  able  to  find  spring  wire  sufficiently  fine  to 
give  the  delicate  touch  desired,  but  found  that  small  lengths  of 
sponge  rubber  are  satisfactory  for  this  application.  These  are 
cut  so  small  in  diameter  that  they  slide  in  and  out  freely.  They 
support  a  cylindrical  pin  which  moves  up  and  down  in  the  hollow 
cylinder  of  the  arrestment  as  impelled  by  the  motions  of  the  pan. 

ERROR  OF  THE  CENTER  BEARING  SYSTEM 

Because  temperature  inequalities  strongly  affect  the  zero  point 
of  a  balance,  a  Kuhlmann  balance  was  equipped  with  aluminum 
shields  to  prevent  body  heat  from  causing  temperature  changes 
and  with  a  20-cm.  (8-inch)  extension  handle  for  manipulating  it 
from  a  distance.  As  changes  in  the  rider  could  also  cause  shifts 
in  zero  point,  the  rider  was  not  touched  during  a  long  series  of 
observations.  Elaborate  systems  of  baffles  were  also  installed 
in  efforts  to  prevent  fluctuations  due  to  possible  eddy  currents 
set  up  by  the  motion  of  the  beam.  All  these  precautions  were 
insufficient  to  prevent  a  considerable  residual  error  on  simply 
arresting  and  releasing  the  beam. 

By  means  which  are  given  in  detail  below,  it  was  possible  to 
establish  the  fact  that  this  error  was  due  mainly  to  the  operation 
of  the  arresting  mechanism.  Accordingly,  the  pans  and  stirrups 
were  removed  and  the  balance  was  treated  as  a  pendulum,  with 
only  its  center  bearing  system  in  operation.  Since  the  pans  of 
the'  Kuhlmann  balance  were  found  to  be  unequal  in  weight,  it 
was  necessary  to  correct  the  equilibrium  adjustment  by  about 
200  mg.  This  cannot  be  accomplished  with  the  equilibrium  nut, 
even  by  moving  it  through  the  entire  length  of  the  threaded 
section  of  the  bar  which  carries  it.  The  support  of  the  threaded 
bar  itself  can  be  rotated  about  its  vertical 
axis,  however,  and  by  thus  rotating  the  bar 
away  from  its  normal  position  parallel  to  the 
beam,  the  beam  could  be  balanced  roughly 
with  the  adjusting  nut  and  more  accurately 
with  the  rider.  A  typical  series  of  observa¬ 
tions  with  the  balance  in  this  condition  is 
given  in  Table  III.  All  the  precautions 
mentioned  above  were  observed  during  this 
experiment. 

In  this  particular  balance,  then,  the 
standard  deviation  of  the  residual  error  at 
the  center  bearing  alone  is  of  the  magni¬ 
tude  of  1.2  micrograms,  even  when  loaded 
with  15.8  grams  less  than  the  minimum  load 
under  service  conditions. 

The  identification  of  the  residual  error  of 
the  Kuhlmann  balance  as  an  error  of  the 
center  bearing  system  can  also  be  achieved 
by  a  simpler  manipulation  of  the  balance. 
It  is  a  fairly  easy  matter  to  lower  the  end 
arrestments  so  that  they  just  miss  the 
arrestment  points  on  the  stirrups.  Under 
these  conditions  there  can  be  no  relocation 
of  the  positions  of  the  flat  end  bearings  with 
respect  to  the  knives  if  the  pans  are  not  touched.  To  make  sure  of 
this  point,  it  is  necessary  to  lower  the  pan  arrestments  so  that 
they  do  not  touch  the  pans.  The  residual  arrestment  error  found 


Figure  3.  Flex¬ 
ible  Arrest 


Table  III.  Center  Bearing  Error 


No.  of 

a, 

Standard 

b, 

Standard 

Deviation 

from 

Heading 

V  a2  —  i>2, 

Standard 
Deviation  of 
Residual 

Em, 

tions 

Deviation 

Em 

Error 

Error 

Residual 

y 

y 

7 

7 

7 

10 

1.5 

3.9 

0.9 

1.2 

3.2 
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Table  IV.  Center  Bearing  Error 


b. 


No.  of 
Observa¬ 
tions 

Load 

a, 

Standard 

Deviation 

E99 

Standard 

Deviation 

from 

Reading 

Error 

V  a2  —  f>2, 
Standard 
Deviation 
of  Residual 
Error 

E99 

Residual 

Grams 

7 

7 

7 

7 

7 

10 

39.9 

0.78 

2.0 

0.63 

0.46 

1.2 

10 

79.9 

1.00 

2.6 

0.63 

0.78 

2.1 

by  this  method,  as  described  below,  must  be  mainly  due  to  opera¬ 
tions  at  the  center  bearing  (see,  however,  the  last  section  of  this 
paper). 

If  the  error  in  the  center  bearing  system  were  due  to  a  shift  in 
the  relative  positions  of  the  center  of  gravity  of  the  beam  and  the 
parts  of  the  knife  which  support  the  beam,  successive  releases  of 
the  beam  would  cause  errors  which  should  increase  in  proportion 
to  the  increase  in  load  on  the  center  bearing.  That  this  is  approxi¬ 
mately  true  is  shown  from  the  experiments  recorded  below. 

Experiments.  A  factory-reconditioned  Kuhlmann  balance 
which  had  been  used  for  student  weighings  was  the  subject  of  the 
following  observations.  The  reading  error  had  been  reduced  by 
the  use  of  a  magnifier  in  addition  to  the  concave  mirror  supplied 
by  the  manufacturer.  The  stirrup  arrestments  were  lowered,  so 
that  neither  touched  its  corresponding  arrestment  points,  and  the 
pan  arrestments  were  disconnected.  It  was  found  that  the  total 
load  on  the  center  knife  when  the  pans  were  unloaded  was  39.9 
grams  and  when  fully  loaded,  79.9  grams.  The  balance  was 
shielded  with  aluminum  and  was  operated  with  a  long  handle. 
The  rider  was  not  moved  during  the  observations.  The  results 
are  recorded  in  Table  IV. 

0.78  7  X  39.9/79.9  y  =  0.39  y  instead  of  0.46  y  found.  These 
figures  give  a  false  sense  of  accuracy,  since  only  the  first  digits 
after  the  decimal  are  significant.  It  can  be  concluded  that  the 
increase  in  the  residual  error  is  roughly  in  proportion  to  the  in¬ 
crease  in  load.  Since  it  is  improbable  that  the  error  is  due  to  any 
mechanical  defect  at  the  end  knives  under  the  conditions  of  the 
experiment,  it  is  reasonable  to  conclude  that  it  is  due  to  a  small 
shift  in  the  point  of  suspension  of  the  beam  with  respect  to  the 
center  of  gravity  or,  in  other  words,  to  an  error  in  the  center 
bearing  system. 

A  third  method  for  locating  and  roughly  evaluating  this  error 
is  given  under  Total  Beam  Arrestment  Error. 

We  may  thus  conclude  that  in  the  Kuhlmann  balance  there  is 
a  residual  error  after  correction  for  the  error  of  interpolation, 
even  when  the  center  bearing  is  the  only  one  in  operation,  as  well 
as  under  conditions  which  make  it  improbable  that  there  will 
be  any  end-bearing  error. 

A  careful  examination  of  the  beam  showed  that  no  parts  were 
loose  and  that  the  pointer  always  returned  to  the  same  point  of 
the  scale  on  arresting,  thus  showing  that  the  error  was  not  caused 
by  a  loose  arrestment.  This  same  error  has  been  observed  on 
numerous  occasions  with  experimental  balances  having  imper¬ 
fectly  ground  center  knives.  It  is  probably  due  to  progressive 
microscopic  disintegration  of  the  knife  bearing,  caused  by  faulty 
polishing  or  subsequent  chipping.  This  error  was  noted  by  Thie- 
sen  in  1886  (57)  and  was  subsequently  commented  on  by  Heyl 
and  Cook  ( 1 1 ) .  Schmerwitz  {33)  has  shown  that  changes  in  form 
do  take  place  in  the  knives  and  this  is  also  made  apparent  by  the 
measurements  recorded  in  the  last  section  of  this  paper.  Such 
progressive  disintegration  would  be  capable  of  causing  a  load- 
dependent  error  of  the  type  found  above. 

Manley  {17)  made  graphs  of  the  rest  point  plotted  against  the 
number  of  oscillations  of  a  balance  in  a  study  similar  to  that 
described  here  (Reading  Error).  In  these  plots  he  observed 
both  drifts  and  sinuosities  and  ascribed  both  to  unequal  heating 
effects.  The  author  agrees,  on  the  basis  of  experiments  de¬ 
scribed  under  Error  Due  to  Temperature  Gradient,  that  the 
arilts  were  probably  due  to  temperature  gradients.  He  does 
not  agree  that  sinuosities  of  the  sort  observed  by  Manley  are  to 
be  attributed  to  temperature  gradients,  since  experiments  in  this 
laboratory  with  much  larger  gradients  failed  to  give  sinuosities. 
Me  is  more  inclined  to  attribute  them  to  imperfect  bearings,  a 


source  of  error  which  Manley  overlooked.  It  will  be  noted  : 
Manley’s  article  on  the  subject  that  compartmentation  stoppi 
the  appearance  of  the  sinuosities,  an  effect  ascribed  by  him  to 
marked  reduction  in  temperature  gradients  in  the  vicinity  of  tl 
beam.  Actually,  the  sinuosities  developed  in  a  Bunge  balanc 
and  the  beam  was  protected  in  a  Gallenkamp  balance,  so  th; 
there  is  no  basis  for  comparison  of  the  effects  with  and  withoi 
compartmentation. 

Manley  also  attributed  discontinuities  of  the  sort  observed  b 
Thiesen  and  by  Heyl  and  Cook,  referred  to  above,  to  shifting  < 
adjusting  screws.  The  author  has  observed  the  same  effeci 
frequently  in  balances  without  any  adjusting  screws  and  thi 
feels  that  they  are  more  properly  ascribed  to  defective  bearings. 

TOTAL  BEAM  ARRESTMENT  ERROR 

To  evaluate  the  total  beam  arrestment  error  of  a  Kuhlman 
balance,  the  balance  was  shielded  with  aluminum  shields  an 
operated  with  a  long  handle,  flexible  pan  arrests  were  installec 
and  the  rider  was  not  touched  during  the  complete  series  c 
observations.  The  values  obtained  are  given  in  Table  V. 


Table  V.  Beam  Arrestment  Error 


No.  of 
Observa- 

Load 

on 

Standard 

b. 

Standard 

Deviation 

from 

Reading 

Va«  -  62, 
Standard 
Devia¬ 
tion  of 
Residual 

tions 

Pan 

Deviation 

E99 

Error 

Error 

Residual 

Grams 

7 

7 

7 

7 

7 

100 

0 

1.9 

4.9 

0.9 

1.7 

4  5 

100 

20 

4.3 

11.2 

0.9 

4.2 

11.1 

These  two  series  are  sufficiently  large  to  permit  the  plottin; 
of  probability  curves.  The  deviations  from  the  mean  were  plottec 
in  each  instance.  In  the  first  set  they  were  found  to  corresponc 
well  with  a  Gaussian  curve  and  in  the  second  to  deviate  some 
what.  We  may  therefore  conclude  that  treating  the  results  o 
observations  on  this  balance  by  ordinary  statistical  analysis  i: 
a  reasonable  procedure. 

Careful  examination  of  this  balance  shows  that  the  manufac 
turer  has  supplied  it  in  such  adjustment  that  the  left  flat  stirruj 
bearing  is  never  separated  from  the  corresponding  knife  bearing 
Only  the  right  stirrup  bearing  and  the  center  knife  are  separatee 
from  their  corresponding  bearings  when  the  arrestment  mecha¬ 
nism  is  operated.  An  inquiry  addressed  to  Dr.  Kuhlmani 
elicited  the  information  that  all  his  micro  balances  were  adjusted 
in  this  manner  when  they  left  the  factory.  Accordingly  it  is  tc 
be  anticipated  that  any  mechanical  defects  in  the  placement  ol 
the  end  bearings  on  release  after  arrestment  would  affect  the 
right  bearing  only.  On  this  assumption,  the  magnitude  of  the 
errors  affecting  the  center  and  right  bearings  may  be  calculated. 

If  we  represent  the  center  bearing  error  by  a  and  the  right 
bearing  error  by  b,  both  values  taken  at  zero  load  on  the  pans, 
the  increased  error  on  the  center  bearing  due  to  loading  will  be 
(79.9/39.9)  a  and  the  increased  error  on  the  end  bearing  due  to 
loading  will  be  (27.9/7.9)  b.  (The  weight  of  a  pan  and  a  stirrup 
is  7.9  grams.)  We  may  then  solve  the  following  equations: 

a2  +  b2  =  2.80  (square  of  the  residual  error  at  zero  load) 
(79.9/39.9)  2a2  +  (27.9/7.9)  262  = 

17.68  (square  of  residual  error  at  full  load) 
Solving,  a  =  1.43  (center  bearing  error  at  zero  load  on  pan) 
b  =  0.87  (right  bearing  error  at  zero  load  on  pan) 

The  value  thus  obtained  for  the  center  bearing  error  is  of  the 
order  of  magnitude  found  at  a  different  time  on  the  same  balance 
by  the  method  summarized  in  Table  III. 

It  cannot  be  argued  that  the  bearing  errors  found  on  arrest¬ 
ment  and  recorded  here  are  peculiar  to  the  particular  balance 
investigated  in  this  laboratory,  since  the  author  has  had  an  op¬ 
portunity  to  investigate  sixteen  Kuhlmann  balances  in  various 
laboratories  and  has  found  all  to  have  errors  of  the  same  order 
of  magnitude. 
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The  conclusion  that  the  end  bearing  which  is  arrested  is  af- 
ected  by  an  error  due  to  the  operation  of  arresting  may  be  vividly 
demonstrated  by  raising  the  arrestments  under  the  left  stirrup 
Joints  until  both  stirrup  bearings  arrest  when  the  mechanism  is 
operated.  Observations  with  this  adjustment  are : 


No.  of 

Observations 

10 


Load  on  Pan 
0 


Standard 

Deviation 

7 

11.3 


Em 

7 

29.5 


When  the  pans  are  loaded,  the  magnitude  of  the  error  in- 
ireases  still  further.  With  such  a  large  error,  the  “standard 
deviation”  is  not  to  be  regarded  as  being  closely  approximated 
oy  a  few  observations.  The  highly  erratic  behavior  summarized 
9y  these  figures,  however,  shows  that  one  of  the  major  factors 
causing  the  Kuhlmann  balance  to  perform  more  accurately  than 
many  balances  with  similar  rudimentary  arrestments  is  the 
omission  of  the  arrestment  of  one  bearing.  Two  questions  come 
to  mind  immediately:  Why  does  the  arrestment  of  the  third 
icnife  produce  such  a  huge  increase  in  error  and  what,  if  any,  in¬ 
crease  in  precision  may  be  obtained  by  omitting  the  arrestment 
of  the  second  end  knife? 


The  motion  of  the  beam  may  be  examined  under  a  microscope 
it  any  point  desired  by  mounting  a  horizontal  microscope  near 
the  point  of  interest  and  a  sheet  of  paper  back  of  that  point  with 
sufficient  illumination  to  make  the  silhouette  visible.  Such  an 
examination  at  the  moment  of  arrestment  shows  the  reason  for 
the  huge  error  when  both. end  knives  are  arrested.  With  the 
straight  fall-away  type  of  arrestment  characteristic  of  the  Kuhl¬ 
mann  balance,  it  is  impossible  for  the  mechanism  to  arrest  all 
three  knives  without  lifting  the  end  bearings  first.  If  the 
center  bearing  were  arrested  first,  the  beam  would  be  lifted 
at  the  samq  rate  as  the  arrestment  arm  and  at  least  one  of 
the  stirrups  would  never  be  overtaken.  Arresting  the  end 
bearings  first  necessarily  results  in  lifting  the  bearings 
while  the  beam  is  oscillating.  This  causes  violent  chatter¬ 
ing  motion  which  is  plainly  visible  under  the  microscope. 

Hence  this  elementary  type  of  arrestment  is  not  satis¬ 
factory  when  the  manufacturer  desires  to  extend  the 
protection  of  arrestment  to  all  three  bearings. 

Curiously  enough,  the  same  argument  does  not  apply  = 
when  only  two  bearings  are  arrested.  By  making  the  left 
pan  and  stirrup  combination  heavier  than  the  right,  the  oscillation 
of  the  beam  may  be  terminated  by  catching  the  beam  with  the  two 
end  arrestments  before  any  knife  is  lifted.  The  right  knife  is  then 
lifted  immediately.  The  weight  of  the  left  stirrup  in  contact 
with  its  knife  prevents  the  beam  from  oscillating  further  and  the 
whole  beam  is  finally  lifted  from  the  stationary  center  bearing. 
This  gives  a  tremendous  improvement  in  the  arrestment  action, 
but  observation  with  the  microscope  shows  that  chatter  is  not 
entirely  eliminated.  As  a  result,  the  knife  which  is  arrested,  sup- 
<  posedly  as  a  precautionary  measure  to  protect  it,  suffers  inces¬ 
sant  pounding  during  the  process.  As  is  demonstrated  below, 
this  actually  causes  it  to  deteriorate  more  rapidly  than  the  knife 


which  is  not  “protected”  by  an  arrestment.  Thus,  in  this  in¬ 
stance,  a  faultily  designed  arrestment  was  worse  than  no  arrest¬ 
ment  at  all. 

An  increase  in  both  accuracy  and  lifetime  of  the  Kuhlmann 
balance  may  be  secured  by  readjusting  it  so  that  neither  end 
arrestment  works  and  both  knives  remain  permanently  in  contact 
with  their  flat  bearings.  To  accomplish  this,  two  special  tools, 
a  spanner  and  a  pin  wrench,  shown  in  Figure  4,  are  required. 
The  other  end  of  each  wrench  is  made  to  fit  similar  parts  of  the 
pan  arrestment.  These  are  located  within  the  glass  base. 

The  readjustment  should  be  carefully  performed,  so  that  both 
arrestments  come  as  close  as  possible  to  arresting  without  actually 
succeeding.  The  course  of  the  readjustment  may  be  observed 
by  using  a  brightly  illuminated  sheet  of  white  paper  as  a  back¬ 
ground  for  the  observation  of  the  contact  or  separation  of  each 
end  flat  bearing  from  its  knife.  The  author’s  experience  over  a 
considerable  period  of  years  is  that  this  single  readjustment  of 
the  Kuhlmann  balance  is  the  most  effective  that  can  be  made 
easily  to  improve  its  performance  and  that  it  eliminates  essen¬ 
tially  all  of  the  end-knife  arrestment  error.  This  procedure  is 
certainly  to  be  regarded  as  a  compromise  due  to  faulty  arrest¬ 
ment  design.  While  it  is  highly  desirable  that  all  three  knives  of 
a  balance  should  be  arrested,  careful  experimentation  has  re¬ 
vealed  no  method  for  accomplishing  this  without  sacrifice  of 
accuracy  on  the  Kuhlmann  balance  short  of  building  in  a  com¬ 
plete  new  arresting  system. 

Another  change  which  will  improve  the  action  of  the  arresting 
mechanism  is  the  installation  of  a  Conrady  pointer  brake  (5). 
This  is  a  light  wire  mounted  on  knives  near  the  pointer  with  a 
small  arm  to  make  contact  with  a  moving  part  of  the  arrestment. 
It  is  adjusted  to  rub  lightly  against  the  pointer  until  after  the 
knives  are  released  and  then  to  be  swung  free  by  the  contact  of 
the  arrestment  part  on  its  arm.  While  this  does  not  increase  the 
accuracy  greatly,  it  does  assist  in  the  protection  of  the  arrested 
end  knife,  since  its  action  is  to  stop  the  oscillation  of  the  beam 
before  the  knife  is  lifted.  The  author  recommends  the  use  of  a 
Conrady  pointer  brake  with  all  precision  balances  to  guard 
against  accidental  violent  fluctuations  of  the  beam. 

To  aid  in  comprehending  the  problem  of  mechanical  design 
posed  by  microchemical  balances,  we  may  calculate  the  magnitude 
of  the  changes  in  aim  length  which  are  responsible  for  the  ob¬ 
served  end  knife  error  on  arrestment.  Since  the  length  of  a  single 
arm  of  the  balance  is  35  mm.,  the  deviation  in  arm  length  which 
would  be  responsible  for  an  error  of  0.9  microgram  at  7.9-gram 
35  X  0  9 

load  is  ^  ^  mm.  or  4  m,u.  It  is  not  surprising  to  find  a 

balance  with  a  random  deviation  in  arm  length  upon  arrestment  of 
the  order  of  0.00000025  cm.  (0.0000001  inch),  yet  it  is  obvious  that 
this  error  must  be  traced  and  eliminated  if  the  desired  accuracy 
is  to  be  attained. 


Table  VI.  Rider  Error 


No.  of 
Observa- 

Standard 

Standard  Deviation 

E99 

Experiment 

tions 

Deviation 

E& 

of  Residual  Error 

Residual 

7 

7 

7 

7 

(1) 

Reading  only 

10 

(a)  0 . 5 

1.3 

(2) 

(1)  +  arrest 

10 

(6)  0.78 

2.0 

V&2  -  a1  =  0.6 

1.6 

(center  bearing 
error) 

(3) 

(2)  +  rider 

10 

(c)  1.6 

4.2 

Vc2  -  62  =  1.4 

3.7 

adjustment 

(rider  error) 

RIDER  ERROR 

The  presence  in  the  Kuhlmann  balance  of  an  error  due  to  in¬ 
accurate  placement  of  the  rider  in  the  notches  of  the  beam  has 
been  commented  on  by  Ramberg  {29)  and  Schwarz-Bergkampf 
{34).  To  eliminate  this  error  a  bar  rider  with  channel  beam  has 
been  introduced  by  Seederer  {35)  and  Gattoni  {9)  of  the  Seederer- 
Kohlbusch  Co.  A  similar  device  has  also  been  proposed  by 
Ramberg  and  introduced  abroad  by  the  Sartorius  Werke  (14)- 
Since  most  commercial  balances  are  not  designed  to  eliminate 
the  rider  error,  its  magnitude  must  be  evaluated  in  order  that 
the  performance  of  the  balance  at  all  loads  may  be  understood. 
This  may  be  accomplished  by  making  two  series  of  observations. 
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the  first  in  which  the  rider  is  never  moved,  the  second  in  which  it 
is  reset  as  accurately  as  possible  after  each  reading.  The  usual 
statistical  treatment  then  permits  calculation  of  the  error.  A 
typical  experiment  of  this  sort  is  recorded  in  Table  VI.  The 
experiments  were  performed  on  a  Kuhlmann  balance  shielded 
against  body  heat  and  with  neither  end  bearing  arresting. 

The  observations  recorded  above  represent  the  errors  to  be 
expected  in  weighing  a  sample  on  a  greatly  modified  Kuhlmann 
balance  under  ideal  conditions.  Heat  errors  were  eliminated, 
pan  arrestment  and  end  bearing  arrestment  errors  were  not 
present,  and  great  care  was  taken  with  each  setting  of  the  rider 
to  secure  the  best  adjustment  which  could  be  made  by  eye.  This 
experiment  has  been  repeated  on  numerous  occasions  with  closely 
concordant  results. 


xzxzxz 

a  b  c  d  e 

Figure  5.  Contact  of  Knives  with  Flat  Bearings 

By  a  further  modification  of  the  balance,  even  the  rider  error 
may  be  eliminated.  The  substitution  of  a  0.5-mg.  or  1.0-mg. 
rider  for  the  5.0-mg.  rider  ordinarily  supplied  with  the  Kuhlmann 
balance  eliminates  the  rider  error  but  makes  it  necessary  for  the 
analyst  to  use  milligram  weights.  If  real  accuracy  is  desired,  this 
procedure  is  recommended.  Under  these  conditions,  accuracy  of 
the  order  of  magnitude  of  that  given  in  the  second  experiment 
may  be  achieved. 

Schwarz-Bergkampf  (84)  examined  a  Kuhlmann  rider  bar  for 
differences  in  the  machining  of  the  notches  and  found  none  great 
enough  to  affect  weighings.  Manley  (23)  notes  that  errors  in 
machining  rider  bars  do  occur,  however,  and  recommends  that 
the  user  provide  apparatus  to  protect  himself  against  such 
errors.  The  process  of  checking  the  accuracy  of  machining  of  a 
rider  bar  may  be  accomplished  in  at  least  two  different  ways. 
Use  of  a  microscope  with  an  ocular  micrometer,  as  described  by 
Schwarz-Bergkampf,  is  not  thoroughly  reliable,  since  progressive 
errors  might  be  missed.  A  better  method  is  to  use  a  microscope 
mounted  on  a  micrometer  screw  of  sufficient  length  to  cover  the 
entire  beam  without  resetting.  A  simpler  method  which  is  open 
to  the  analyst  is  to  construct  a  50-mg.  rider  of  platinum  with  as 
nearly  as  possible  the  dimensions  of  the  Kuhlmann  rider.  The 
rider  bar  may  then  be  calibrated  by  balancing  each  new  setting 
of  the  rider  with  milligram  weights.  Only  the  former  method 
has  been  used  in  this  laboratory.  The  Kuhlmann  beam  was 
measured  with  a  100-mm.  Gaertner  micrometer  microscope  and 
39  notches  were  found  to  deviate  1  microgram  or  more  from  the 
average  while  8  deviated  2  micrograms  or  more.  None  was  off 
by  3  micrograms.  The  cumulative  error  was  2  micrograms  at 
the  fiftieth  notch. 

These  measurements  indicate  that  even  better  machining  is 
necessary  to  secure  true  microgram  accuracy.  They  are  not 
thoroughly  reliable,  however,  because  of  the  impossibility  of 
deciding  by  a  microscopic  examination  the  exact  point  at  which 
the  rider  will  seat.  Some  of  the  notches  had  appreciable  burr 
which  would  have  thrown  the  rider  off  by  more  than  the  amount 
indicated  by  the  microscope.  This  leads  to  the  conclusion  that 
rider  notches  should  probably  be  ground  and  not  milled,  although 
a  small  burr  from  milling  might  be  removed  by  subsequent 
grinding.  The  user  who  wishes  to  secure  the  greatest  possible 
accuracy  from  his  instrument  should  first  examine  all  notches 
with  a  hand  magnifier  and  remove  any  burr  with  a  sharpened 
match  stick,  since  this  is  too  soft  to  affect  the  machining  of  the 
notch.  He  should  then  calibrate  the  notches  with  a  platinum 
rider.  Alternatively,  the  use  of  a  lighter  rider,  as  recommended 
above,  eliminates  the  error  on  this  particular  type  of  balance. 

Curvature  of  the  Knives 

The  replacement  of  a  flat  bearing  on  a  perfect  knife  should 
always  yield  the  same  arm  length,  even  when  the  replacement 
is  not  performed  with  precision.  One  might  inquire,  then,  why 
arrestment  errors  are  possible.  They  would  not  be  if  actual 
balances  were  the  same  as  the  "geometrical  balances”  with  which 
balance  theory  usually  deals.  For  the  purposes  of  the  present 


argument,  however,  it  is  necessary  to  set  aside  the  usual  assum 
tion  that  the  knife  bearings  form  perfect  geometrical  straight  lint 

Figure  5  shows  several  possibilities  of  the  contact  of  knivi 
with  flat  bearings.  In  a  we  have  the  picture  as  it  is  usually  repr 
sented,  a  perfect  straight  line  in  contact  with  a  perfect  plane.  1 
practice  this  is  impossible  of  attainment  because  of  mechanic 
deformation.  If  we  imagine  a  soft  knife  in  contact  with  a  hai 
flat,  we  shall  have  the  type  of  contact  shown  in  b.  This  case 
frequently  observed  and  gives  rise  to  rapid  dulling  of  the  kni 
edge.  A  hard  knife  in  contact  with  a  soft  flat  gives  the  figu 
shown  in  c.  This  case  is  also  easily  demonstrated  in  practic 
and  results  in  permanent  injury  to  the  flat  bearing.  Balanc( 
equipped  with  bearings  of  types  b  or  c  quickly  show  errat 
behavior.  An  ideal  combination  is  one  in  which  both  knife  an 
flat  bearing  are  constructed  of  the  same  material  or  materials  < 
equal  hardness  and  in  which  neither  is  loaded  beyond  its  elasti 
limit.  The  picture  of  the  deformation  to  be  expected  in  such 
case  is  shown  roughly  in  d  and  is  the  case  normally  to  be  expectec 
If  we  permit  the  bearing  shown  in  d  to  roll  slightly,  the  depth  c 
penetration  will  remain  constant  and  the  net  effect  will  be  tha 
the  circumference  of  the  convex  cylinder  will  move  along 
plane  parallel  to  the  original  plane  of  the  bearing  but  displace 
from  it  by  the  distance  of  the  depth  of  penetration.  For  thi 
reason  the  figure  may  be  simplified  for  the  purpose  of  th 
analysis  of  the  statics  (but  not  necessarily  the  dynamics)  c 
the  balance  system  as  in  e  and  we  shall  treat  the  knives  as  i 
they  were  cylinders  reposing  upon  planes.  This  assumptioi 
introduces  into  the  geometrical  instrument  a  deviation  from  th 
action  of  a  perfect  pendulum.  The  effect  was  first  alluded  to  fi 
Richarz  and  Krigar-Menzel  (31)  and  first  measured  by  Gug 
lielmo  (10).  A  more  extended  study  was  later  made  by  Schmer 
witz  (33).  Both  the  calculations  and  the  instruments  used  b1 
these  experimenters  are  unnecessarily  complicated.  A  simpli 
fied  treatment  of  the  determination  of  the  radius  of  curvature  o 
the  loaded  bearing  is  given  herewith. 


Tilting  the  case  of  a  sensitive  balance  will  cause  the  beam  to 
incline  from  the  horizontal  until  the  center  of  gravity  assumes  a 
position  below  the  point  of  contact  of  the  bearing  with  the  plane. 
This  position  is  represented  in  Figure  6.  Adding  a  restoring 
weight,  wr,  will  bring  the  beam  back  to  the  horizontal  position  as 
in  Figure  7.  Moments  about  the  point  of  contact  may  now  be 
equated.  The  mass  of  the  beam  is  acting  through  the  lever  arm 
(r  sin  a).  The  restoring  weight  is  acting  through  the  lever  arm 
(L  —  r  sin  a).  Because  (r  sin  a)  is  so  small  with  respect  to  L,  it 
may  be  neglected  in  the  second  expression.  We  thus  have: 

Mr  sin  a  =  wrL 

or  r  =  wrL/M  sin  a 

Procedure.  In  the  laboratory,  this  method  of  tilting  the 
balance  case  to  determine  the  radius  of  curvature  of  the  center 
knife  is  much  simpler  than  the  procedures  described  by  Guglielmo 
and  Schmerwitz.  The  tilting  is  accomplished  by  the  use  of  gage 
blocks.  If  the  balance  is  supported  by  three  legs,  two  in  front 
and  one  in  back,  it  may  be  tilted  sideways  by  the  use  of  two 
gage  blocks,  one  exactly  twice  as  thick  as  the  other.  The  thicker 
block  is  placed  under  one  front  leg,  the  thinner  under  the  central 
stud  in  the  rear  of  the  case.  If  the  balance  is  supported  by  four 
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,gs,  two  blocks  of  exactly  equal  thickness  may  be  placed  under 
le  two  legs  on  one  side.  The  distance  between  the  front  legs 
measured  as  accurately  as  possible,  using  corresponding  parts 
:  the  legs  as  points  of  comparison.  The  thickness  of  the  gage 

[locks  is  determined  with  a  micrometer.  The  balance  is  set  for 
le  test  on  a  glass  or  steel  plate  or  upon  flat  metal  blocks,  so  that 
I  le  legs  will  not  sink  in  when  the  case  is  tilted.  Under  these  con- 
itions  the  thickness  of  the  largest  gage  block 
ivided  by  the  length  of  the  case  between  legs 
sin  a.  With  a  microbalance  an  angle  of  ap- 
roximately  1°  is  usually  satisfactory.  With 
lalytical  balances,  angles  up  to  3°  may  be 
sed.  If  gage  blocks  for  1  °  are  available,  the 
igle  may  be  doubled  by  taking  the  starting 
Dint  with  the  large  block  under  one  leg  and  the 
lted  point  with  the  block  under  the  opposite  leg. 

When  the  case  is  tilted,  the  pointer  scale  is 
ioved  with  respect  to  the  gravity  line.  The 
lointer  should,  therefore,  move  through  angle 
!'  on  the  pointer  scale  if  the  bearing  were 
erfect.  The  difference  between  the  angle 
irough  which  the  pointer  should  move  and 
lat  through  which  it  actually  does  move, 

•anslated  into  terms  of  weight,  represents 

le  restoring  weight.  Since  the  critical  quantity 

esired  is  usually  a  small  difference  between  two  larger  quan- 

ties,  each  reading  must  be  made  with  the  greatest  precision  of 

hich  the  balance  is  capable. 

To  calculate  the  restoring  weight,  it  is  necessary  to  evaluate  a 
i  terms  of  pointer  scale  divisions.  There  are  two  methods  for 
oing  this.  One  is  to  measure  the  pointer  scale  and  the  distance 
d  it  from  the  knife  edge  and  set  their  quotient  equal  to  the  sine 
f  the  total  angle  subtended  by  the  scale.  From  this  the  fraction 
Represented  by  angle  a  can  be  calculated.  The  other  method  is 
d  lower  the  center  of  gravity  of  the  beam  a  great  deal,  perhaps 

}y  attaching  a  light  clamp  to  the  pointer  part  of  the  way  down, 
nd  then  to  tilt  the  case  through  angle  a  and  see  experimentally 
ow  far  the  pointer  moves.  With  the  center  of  gravity  very  low, 
ae  balance  performs  as  a  perfect  pendulum  with  respect  to  the 
ngle  of  tilt  and  the  theoretical  value  can  be  read  off  directly  from 
ae  scale. 

The  length  of  the  beam  can  be  measured  conveniently  and  by 
ividing  by  2  the  arm  length,  L,  is  obtained.  The  mass  of  the 
earn  is  obtained  by  weighing  it  on  a  rough  balance.  If  the 
alance  has  been  prepared  for  the  experiment  by  the  removal  of 
ae  pans  and  stirrups,  only  the  mass  of  the  beam  is  involved  in  the 
xpression.  When  performing  the  determination  in  this  manner, 
is  sometimes  necessary  to  make  a  considerable  readjustment  of 
*  ae  zero  point  with  the  balancing  nuts  to  bring  the  pointer  to  the 
cale.  The  determination  may  also  be  performed  with  pans 
nd  stirrups  in  place,  but  even  in  this  case  M  is  the  mass  of  the 
earn  only,  provided  that  the  sensitivity  remains  constant  with 
>ad.  That  the  radii  of  the  end  knives  will  not  affect  the  result 
an  be  seen  from  Figure  7  if  we  imagine  the  point  “end  bearings” 
nown  (6  —  b)  to  be  replaced  by  cylinders  with  planes  tangent  at 
» ae  same  points  as  those  in  the  illustration.  This  change  will  not 
ffect  the  arm  length.  With  the  quantities  found  thus  the  radius 
f  curvature  can  be  calculated.  An  example  of  an  actual  deter- 
t  lination  is  given  herewith. 


Measurement  of  Center  Knife  Radius  of  Kuhlmarvn  Balance. 
Calculation  of  a  in  Pointer  Scale  Units. 

Thickness  of  gage  block,  6 . 35  mm. 

Length  of  case,  339  mm. 

Sin  a  =  ^  =  0.01873 

Length  of  Kuhlmann  pointer,  139  mm. 

If  the  bearing  were  perfect,  tilting  the  case  through  a  should 
displace  the  pointer  scale  from  the  perpendicular  position  of  the 
pointer  by  139  sin  a  mm.  or  2.604  mm.  But  100  Kuhlmann  scale 
units  =  1.938  mm. 

Hence  a  =  =  134.35  scale  units 

Thus  tilting  the  case  through  a  should  shift  the  scale  by  134.4 
units  of  rest  point  if  the  bearing  were  perfect.  If  we  use  de¬ 
flection  instead  of  rest  point,  tilting  the  case  through  a  should 
cause  a  displacement  in  the  deflection  of  the  pointer  of  269  scale 
units. 

Calculation  of  the  Radius  of  Curvature.  The  displacement 
observed  on  tilting  through  a  was  205  scale  units.  This  means 
that  tilting  the  case  caused  a  shift  of  the  pointer  from  the  per¬ 
pendicular  position  of  (269  —  205)  or  64  scale  units.  The  sensi¬ 
tivity  of  the  balance  was,  1  unit  of  deflection  =  mg.  per  scale 


1 


108 

mg.  per  scale  unit.  Hence  64  units  = 


^  -  1080 
0.059  mg. 

Weight  of  beam,  24,029  mg 
Length  of  arm,  L,  35  mm. 
Hence, 

(0.059)  (35) 


64 

1080 


mg.  = 


r  - 


(24,029)  (0.01873) 


=  0.00456  mm.  or  4.6  n 


Figure  8.  Curvature  of  Knife  Edge 

- r  =  11. 


The  equation  for  the  calculation  of  the  radius  of  curvature  is 
the  most  important  of  all  the  expressions  at  present  applicable  to 
a  precision  balance  because  it  enables  the  user  to  evaluate  the 
constant  which  is  most  directly  responsible  for  reproducibility  in 
the  instrument  as  contrasted  to  sensitivity.  It  is  conceivable  that 
a  method  may  be  found  for  preparing  knives  which  are  tiny  per¬ 
fect  cylinders.  However,  at  the  present  time,  such  a  technique 
has  not  been  described.  Any  larger  radius  of  curvature  than  the 
minimum  obtainable  with  the  material  used  is  to  be  regarded  as 
a  flaw  and  is  always  accompanied  in  practice  by  more  or  less 
erratic  behavior  on  the  part  of  the  instrument.  A  subsequent 
communication  will  contain  details  upon  the  application  of  this 
test  method  to  the  preparation  of  precision  knife-edges.  As  a  re¬ 
sult  of  these  experiments,  we  regard  0.25  m  as  being  the  maximum 
radius  permissible  in  a  precision  instrument.  It  is  to  be  empha¬ 
sized,  however,  that  this  figure  represents  the  maximum  per¬ 
missible  when  the  objective  of  the  manufacturer  has  been  to 
produce  a  mathematical  line  for  the  bearing.  If  he  were  to  find 
a  process  for  preparing  a  perfect  cylinder  of  slightly  larger  radius, 
this  might  actually  be  preferable. 

If  we  consider  that  the  center  flat  bearing  of  the  balance  is 
perfectly  plane  and  the  knife  is  ground  to  a  mathematical  straight 
line,  the  contact  will  be  cylindrical,  as  shown  in  Figure  5,  d,  be¬ 
cause  of  the  mechanical  deformation  of  the  bearings  under  the 
load  impressed  upon  them.  In  practice,  this  is  the  nearest  ap¬ 
proach  to  the  ideal  case.  Actually,  it  is  frequently  found  that 
the  flat  bearing  deviates  considerably  from  perfect  flatness  and 
the  knives  are  not  perfectly  ground.  Even  in  this  case  the  equa- 
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tion  given  above  provides  a  means  for  learning  what  the  condition 
of  the  bearing  is.  An  examination  of  Figure  6  will  show  that 
the  angle  of  tilt  of  the  beam  produced  by  tilting  the  case  through 
a  given  angle  will  be  increased  by  raising  the  center  of  gravity. 
By  raising  it  sufficiently,  it  is  possible  to  make  the  balance  so 
sensitive  to  tilt  that  the  excursion  of  the  pointer  may  be  sub¬ 
divided  into  a  considerable  number  of  angular  increments.  If 
the  case  be  tilted  through  successive  angular  increments  by 
means  of  a  micrometer  screw  under  one  end,  a  curve  may  be  con¬ 
structed  by  plotting  the  deflection  per  unit  tilt  of  the  case  against 
the  number  of  micrometer  units  that  the  case  is  tilted.  The  value 
of  the  plot  at  zero  is  indeterminate.  With  a  perfect  cylinder  this 
plot  should  be  a  horizontal  straight  line.  If  there  are  irregulari¬ 
ties  in  the  edge,  the  apparent  radius  of  curvature  will  differ  with 
different  angular  increments  and  the  plot  will  not  be  a  horizontal 
straight  line.  From  the  shape  of  the  curve  it  is  possible  to  re¬ 
construct  roughly  the  shape  of  the  knife-edge.  An  example  of 
the  appearance  of  such  a  curve  is  given  in  Figure  8.  The  “radius 
of  curvature  at  any  angle  may  be  obtained  by  multiplying  the 
ordinate  at  that  angle  by  22.4. 

This  procedure  is  suggested  by  the  work  of  Guglielmo  (10)  and 
is  much  simpler  than  that  of  Schmerwitz  (S3).  With  either  this 
procedure  or  that  of  Schmerwitz,  the  author  has  found  it  possible 
to  locate  deviations  from  the  form  of  a  perfect  cylinder  only  with 
relatively  poor  knives. 

It  will  be  obvious  immediately  that  an  imperfectly  ground 
knife-edge  in  the  center  bearing  will  cause  the  instrument  to 
behave  erratically.  If  the  distance  from  the  center  of  gravity 
to  the  point  of  suspension  varies  irregularly  with  the  angle, 
the  zero  point  of  an  oscillating  balance  will  be  irregularly  de¬ 
pendent  upon  the  amplitude  of  the  oscillations.  This  is  a 
possible  explanation  of  the  “sinuosities”  of  the  curve  of  the 
zero  point  of  a  damping  balance  found  by  Manley  (17).  If 
sharp  edges  protrude  from  the  knife,  the  wear  will  be  uneven 
at  different  parts  of  the  kmfe  and  the  plot  mentioned  in  the  pre¬ 
ceding  paragraph  will  be  unstable  with  time.  This  possibility  was 
discussed  under  Error  of  the  Center  Bearing  System. 

Because  of  the  curvature  of  the  knives,  it  is  possible  that  the 
center  of  gravity  of  the  beam  may  be  raised  to  such  an  extent  that 
it  is  actually  above  the  point  of  contact.  As  long  as  it  remains 
below  the  turning  point,  the  instrument  will  be  stable.  When 
the  center  of  gravity  is  just  at  the  knife-edge,  the  beam  'will  tilt 
through  the  same  angle  as  the  case  and  the  pointer  will  appear 
to  remain  fixed  with  tilt.  These  cases  were  pointed  out  by  Con- 
rady  (5).  While  Conrady  appeared  to  look  with  some  favor 
upon  the  possibility  of  the  preparation  of  precision  balances  with 
such  adjustments,  the  author’s  experience  has  been  that  such 
an  adjustment  cannot  be  obtained  in  practice  except  with  a  very 
poorly  ground  knife  and  that  a  knife  which  is  so  poor  as  to  permit 
adjustment  to  Conrady’s  “autostatic”  state  is  so  poor  that  it  will 
not  give  reproducible  weighings. 

Radii  of  the  End  Knives 

If  the  center  knife  were  a  perfect  cylinder,  its  radius  could  be 
quite  large  without  affecting  the  reproducibility  of  weighings. 
With  the  end  knives  the  situation  is  different.  Here  each  increase 
in  radius  of  curvature  carries  with  it  the  necessity  for  a  corre¬ 
sponding  increase  in  the  precision  of  replacement  of  the  flat  bear¬ 
ings  by  the  arresting  mechanism,  if  precise  weighings  are  to  be 
obtained.  Hence  the  problem  of  the  tolerances  to  be  set  upon 
arrestment  design  is  inextricably  bound  up  with  the  radii  of  the 
end  knives. 

A  manufacturer  may  determine  the  radii  of  the  end  knives  by 
inserting  them  in  a  special  balance  as  center  knives  before  mount¬ 
ing  them.  This  procedure  is  hardly  available  to  the  user  of  an 
instrument,  who  will  be  forced  to  resort  to  such  a  method  as  that 
outlined  below. 


Procedure.  The  compensating  link  of  the  stirrup  is  tem¬ 
porarily  replaced  by  a  special  link  which  immobilizes  the  wrist 
action  in  the  direction  of  the  beam  but  permits  the  pan  to  swing 
Ireely  in  the  direction  perpendicular  to  the  beam.  This  is  illus¬ 
trated  in  I  igure  9.  Hanging  a  weight  on  one  side  or  the  other 
of  this  special  link  will  tilt  the  stirrup  and  cause  it  to  come  into 


contact  with  a  different  part  of  the  knife-edge,  just  as  tilting  th 
case  alters  the  point  of  contact  of  the  center  knife.  The  angle  < 
tilt  of  the  stirrup  can  be  determined  by  attaching  to  it  a  long  ligl 
pointer  made  of  fine,  stiff  wire.  An  engineer’s  scale  graduate 
in  V6,  inch  is  mounted  in  the  case  with  stiff  wax  and  the  wii 
pointer  is  bent  to  sweep  immediately  above  the  scale  Iti 
convenient  to  use  a  magnifier  in  reading  the  scale  A  change  i 
zero  point  caused  by  tilting  the  stirrup  with  a  given  load  attache 
corresponds  to  the  restoring  weight  of  the  equation  and  the  rad 
ot  the  end  knives  may  be  determined  with  its  use.  An  examnl 
of  such  a  measurement  is  given  below: 


Figure  9.  Radii  of  End  Knives 

Left,  front  view.  Right,  bent  brass  pin 
soldered  in  to  hold  pan  and  weights 


Measurement  of  Right-En 
Knife  Radius  on  Kuhlman 
Balance.  Length  of  auxiliar 
pointer,  5.25  inches 


Pointershifton  tilting  stirrup 


26.5  .  , 
-^rnch, 


Sin  a  = 


26.5 


(64)  (5.25) 


0.078' 


The  special  stirrup  wit! 
its  load  was  adjusted  to  II 
grams.  Shifting  this  weigh 
through  angle  a  caused  i 
displacement  of  0.288  mg 
Hence  wr  =  0.288  mg. 


(0.288)  (35) 
(10,000)  (0.0789) 


0.01278  mm.  =  12.8  n 


The  fact  that  the  end  bearings  are  also  not  mathematically 
straight  fines  gives  rise  to  the  stirrup  arrestment  error  noted  in 
balances  (31).  Unless  the  mechanism  is  designed  to  secure  the 
return  of  the  end  bearings  to  exactly  the  point  from  which  they 
were  taken  on  arrestment,  the  arm  length  will  vary  with  each 
arrestment  and  weighings  will  not  be  reproducible.  If  the  ap¬ 
parent  radius  of  curvature  varies  with  the  angle,  the  end  knives 
will  also  contribute  to  an  irregular  error  dependent  upon  the 
amplitude  of  oscillation  of  the  balance.  This  effect  would  be  even 
more  pronounced  if  the  center  of  curvature  varied  with  the  angle. 
It  is  true  that  an  imperfect  bearing  might  give  rise  to  a  very  small 
error,  provided  that  the  imperfection  were  exactly  proportional 
to  the  angular  displacement  from  the  perpendicular.  If,  however, 
any  point  on  the  bearing  surface  had  its  center  of  curvature  dis¬ 
placed  horizontally  from  the  average  center  of  curvature  by  so 
much  as  13  A.  it  would  cause  an  error  of  1  microgram  at  full  load 
on  the  Kuhlmann.  This  follows  from  the  fact  that  at  full  load 
the  end  knife  of  the  Kuhlmann  has  a  load  of  27,000,000  micro- 
grams.  To  cause  an  error  of  1  microgram  would  require  a  change 
35  mm. 

in  arm  length  of 13  A. 

When  the  Kuhlmann  balance  was  first  purchased,  the  author’s 
examination  showed  that  all  three  knives  had  radii  between  3.0 
and  3.5  n.  Six  years  later,  the  center  knife  had  a  radius  of  4.5  n 
and  the  left  knife  5.2  n,  while  the  right  knife  showed  a  radius  of 
12.8  ix.  From  these  results  it  will  be  observed  that  the  left 
knife,  which  was  not  arrested,  maintained  its  radius  of  curvature 
better  than  the  right  knife  which  was  arrested.  This  emphasizes 
again  the  faulty  nature  of  the  Kuhlmann  arresting  mechanism. 

In  the  examination  of  balances  other  than  the  Kuhlmann, 
certain  of  the  errors  enumerated  above  and  still  other  errors  not 
present  in  the  Kuhlmann  will  be  found.  In  view  of  the  number 
of  factors  which  can  cause  microgram  errors,  it  is  impossible  to 
predict  the  probable  accuracy  of  any  balance  without  a  thorough 
trial  under  the  intended  conditions  of  use.  Since  different  instru¬ 
ments  vary  in  their  susceptibility  to  environmental  influences  and 
different  laboratories  vary  widely  in  the  suitability  of  their 
balance  rooms  for  susceptible  balances,  various  instruments  will 
show  wide  divergences  of  performance  in  different  laboratories. 
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?he  prospective  purchaser  of  an  instrument  should  calculate  for 
imself  the  maximum  error  which  he  can  tolerate  in  weighing  and 
feould  then  purchase  an  instrument  only  on  condition  that  it 
an  meet  this  performance  specification  under  the  conditions  pre- 
ailing  in  his  laboratory.  Specifications  of  this  sort  rigidly  ad- 
ered  to  will  speed  the  day  when  manufacturers  will  cease  to 
onfuse  sensitivity  with  accuracy. 
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Colorimetric  Determination  of  Tin  with  Silicomolybdate 

IRVIN  BAKER,  MARTIN  MILLER,  AND  R.  STEVENS  GIBBS,  Chemical  Laboratory,  Norfolk  Navy  Yard,  Portsmouth,  Va. 


\  rapid  and  accurate  colorimetric  determination  of  tin  for  concen- 
rations  ranging  from  0.0005  to  0.5%  is  described.  The  method 
s  an  excellent  routine  procedure  requiring  no  special  technique  or 
ipparatus  other  than  a  comparator  or  filter  photometer.  Tin  is 
eparated  by  distillation  and  determined  colorimetrically  in  the 
iistillate.  Five  determinations  can  be  run  in  2  hours.  Effects  of 
ariables  such  as  time,  acidity,  and  concentrations  of  reactants  and 
>f  interfering  ions  have  been  investigated. 

THE  determination  of  tin,  particularly  in  small  concentra- 
I  tions,  is  of  vital  importance  in  analyses  of  steels  and  non- 
errous  alloys.  Since  much  of  our  present  steel  is  being  pre- 
>ared  from  scrap  which  may  contain  tin,  and  since  the  presence 
>f  tin  even  in  small  concentrations  is  likely  to  be  injurious,  added 
tress  is  placed  on  the  determination  of  tin  in  steel  and  scrap. 
Generally,  small  amounts  of  tin,  ranging  from  0.001  to  0.05%, 
vill  be  found  in  most  steels  with  the  exception  of  tinplate  or 
pecial  melts.  The  determination  of  small  quantities  of  tin  in 
ood,  biologicals,  fumes,  and  organic  matter  is  also  important. 

Since  small  quantities  of  tin  are  present  in  the  material  to 
)e  analyzed,  gravimetric  or  volumetric  procedures  (10,  14)  are 
insatisfactory. 

Spectrographic  analysis  (9,  11)  offers  an  excellent  solution 
o  the  problem.  However,  because  of  the  skill  and  expense 
•equired,  spectrographic  methods  are  beyond  the  reach  of  the 
iverage  laboratory. 

An  examination  of  colorimetric  procedures  suitable  for  the 
letermination  of  tin  in  the  concentration  range  of  0.0005  to  0.5% 


was  undertaken.  The  use  of  organic  reagents  (16)  for  the 
colorimetric  determination  of  metallic  ions  has  increased  con¬ 
siderably.  Newell,  Ficklen,  and  Maxfield  (8)  made  a  critical 
study  of  the  use  of  cacotheline  test  and  found  that  it  cannot 
be  regarded  as  specific.  Where  interfering  substances  are 
absent,  the  test  may  be  used  for  detection  or  confirmation  of  the 
presence  of  small  amounts  of  tin.  Experiments  with  caco¬ 
theline  in  the  authors’  laboratory  failed  to  give  satisfactory 
quantitative  results.  Tartakovskii  (12)  used  hematoxylin  for  the 
colorimetric  determination  of  tin.  The  concentration  of  tin 
required  ranges  from  0.3  to  2  mg.  per  liter  of  solution.  The 
sensitivity  is,  therefore,  too  great  to  obtain  accuracy  in  the 
ranges  of  tin  concentration  in  which  the  authors  are  interested. 

Hanssen  (2)  recommended  comparison  of  colloidal  tin  sulfides. 
The  method  is  unsatisfactory,  since  traces  of  elements  and  the 
presence  of  sulfur  caused  by  the  bromine  used  in  the  oxidation 
of  stannous  ion  result  in  large  deviations. 

A  number  of  other  procedures  have  been  suggested.  Clark 
(1)  used  4-methyl-l,2-dimercaptobenzene  to  detennine  2.5  to 
30  parts  of  tin  per  million  parts  of  solution.  Diazin  Green  S 
(K)  (16)  has  been  used  to  detect  as  little  as  0.02  mg.  of  tin  per 
drop  of  solution.  Lowenthal  (6)  used  a  mixture  of  ferric  chloride 
and  potassium  ferricyanide  for  the  estimation  of  stannous  ions. 

Longstaff  (5)  used  the  reaction  based  on  the  reduction  of  am¬ 
monium  molybdate  by  chlorostannous  acid  to  detect  tin  to  the 
extent  of  1  part  in  1,500,000.  Hiittig  (3)  developed  conditions 
under  which  he  claimed  quantitative  results:  separation  of  the 
sulfides  of  arsenic,  antimony,  and  tin,  dissolving  in  1  to  1  hydro¬ 
chloric  acid,  boiling  to  remove  hydrogen  sulfide,  and  reduction 
with  zinc.  The  reduced  tin  solution  is  filtered  into  100  ml. 
of  an  ammonium  molybdate  solution  and  after  0.5  hour  is 
compared  with  a  similar  solution  prepared  from  a  standard  tin 
solution.  Attempts  to  duplicate  these  results  in  this  laboratory 
failed. 
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EXPERIMENTAL  WORK 

In  order  to  determine  the  cause  of  the  erroneous  results  ob¬ 
tained  using  the  method  of  Huttig  (3),  an  investigation  similar 
to  that  of  Truog  and  Meyer  (13)  and  Woods  and  Mellon  (15)  on 
the  molybdenum  blue  reaction  was  conducted.  This  included 
the  effect  of  acidity,  reagents,  method  of  reduction,  and  time 
of  reaction  upon  the  color  developed.  The  experiments  were 
performed  by  adding  a  standard  chlorostannous  acid  solution 
to  an  ammonium  molybdate  reagent  solution. 

Variations  in  the  acidity  of  the  solution  under  test  caused 
divergent  results  at  high  acidities;  the  blue  color  of  the  reduced 
molybdate  complex  did  not  form.  At  lower  acidities  incon¬ 
sistent  results  were  obtained  in  the  intensity  and  fading  rates  of 
the  blue  color.  No  conformity  to  Beer’s  law  was  found. 


Table  I.  Colorimetric  Determination  of  Tin 


Tin 

* - Tin  Found - * 

Photom-  Com- 

Tin 

- - Tin  ] 

Photom- 

1  ound - v 

Taken 

etera 

parator& 

Taken 

etera 

parator6 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

0.02 

0.0196 

0.022 

0.50 

0 . 500  c 

0. 500c 

0.04 

0.0392 

0.0415 

0.60 

0.573 

0.562 

0.08 

0.088 

0.085 

0.70 

0.670 

0.685 

0.10 

0.096 

0.090 

0.80 

0.787 

0.766 

0.12 

0.140 

0. 131 

0.90 

0.851 

0.862 

0.16 

0.171 

0.176 

1.0 

0.952 

0.948 

0.18 

0.184 

0.187 

1.1 

0.965 

0.960 

0.20 

0.241 

0.231 

1.2 

1.06 

1.07 

0.30 

0.284 

0.290 

1.5 

1.14 

i.ii 

0.40 

0.364 

0.378 

(Values  through  0.18  mg.  of  Sn  determined  by  micromethod) 


“  °'°  Sn  on  A  Scale  Fisher  AC  electrophotometer  using  650A 

niter  =  22. o  mg. 

b  0.5  mg.  of  Sn  at  20  mm.  on  Duboscq  comparator. 
c  Standards. 


The  ammonium  molybdate  reagent  used  by  Huttig  (3)  is 
prepared  by  dissolving  0.3  gram  of  c.p.  ammonium  molybdate 
in  4  ml.  of  water,  adding  2.4  ml.  of  a  14  N  sulfuric  acid  solution, 
stirring,  and  adding  3  ml.  of  a  2  N  sodium  hydroxide  solution 
and  1  liter  of  water. 

Preparation  of  this  solution  resulted  in  formation  of  a  yellow 
color.  An  examination  of  the  reagents  and  their  impurities  led 
to  the  conclusion  that  the  yellow  color  was  due  to  the  forma¬ 
tion  of  a  heteropoly  compound  from  the  acid  ammonium  molyb¬ 
date  and  the  silica  impurity  in  the  sodium  hydroxide.  This  was 
lurther  verified  by  substituting  an  equivalent  amount  of  silica- 
free  potassium  hydroxide  for  sodium  hydroxide  in  the  molybdate 
reagent  in  one  experiment  and  in  a  second  experiment  omitting 
sodium  hydroxide  and  adjusting  the  acidity  by  reducing  the 
sulfuric  acid  content  of  the  reagent.  In  every  case  where  the 
silica  was  removed  the  yellow  coloration  did  not  appear  and  a 
V6I7 vV,  '  unstable  blue  color  was  formed  upon  reduction  of  the 
molybdate  reagent  with  the  standard  chlorostannous  acid 
solution.  Addition  of  a  solution  of  sodium  silicate  to  the 
sihca-free  reagents  formed  the  yellow  color  quantitatively  re¬ 
ducible  with  chlorostannous  acid  to  the  molybdenum  blue  com- 


A  theoretical  consideration  of  the  molybdenum  blue  complexes 
(4>  7,  17)  reveals  that  reduction  of  molybdates  yields  unstable 
blue  reduction  complexes,  the  color  being  destroyed  on  changing 
the  acidity.  Silicates  react  with  molybdates  under  suitable 
conditions  to  form  a  yellow  color  due  to  the  formation  of  a  com¬ 
plex  of  the  composition  H4[Si(Mo3Ol0)4].nH2O.  This  complex 
is  more  sensitive  to  the  action  of  reducing  agents  and  more  stable 
than  the  reduction  complex  from  the  molybdates. 

The  proper  adjustment  of  the  ammonium  molybdate-acid-silica 
ratios  was  investigated.  Too  great  an  excess  of  silicate  formed 
a  deep  yellow  color  which  interfered  with  the  colorimetric  de¬ 
termination  of  tin. 

Difficulty  was  experienced  in  duplicating  the  intensity  of  blue 
color  when  identical  concentrations  of  tin  were  determined,  owing 
to  the  rapid  rate  of  oxidation  of  the  reduced  tin.  After  a  number 
of  methods  were  tried,  including  the  use  of  inert  carbon  di¬ 
oxide  atmosphere,  it  was  found  that  accurate,  duplicable  re¬ 


sults  could  be  obtained  by  pouring  the  silicomolybdate  reagc 
directly  into  the  solution  containing  the  tin  after  the  reducti 
period,  while  still  in  contact  with  the  zinc,  and  decanting  i 
mediately.  This  procedure  excludes  the  use  of  zinc  dust.  B< 
results  were  obtained  by  the  use  of  zinc  shot. 

The  next  step  in  the  operation  is  the  separation  of  tin  frc 
various  materials  preparatory  to  the  colorimetric  determinatic 
a  distillation  procedure  proved  most  rapid  and  efficient.  In  t 
procedure  of  dissolution  most  of  the  arsenic  will  be  removt 
The  only  contaminating  substance  that  may  distill  over 
antimony.  Nitric  acid  must  not  be  present,  since  it  will  int< 
fere  in  the  colorimetric  determination  of  the  distillate.  N 
merous  experiments  were  conducted  to  determine  the  exa 
conditions  of  temperature  and  distillation  rate  and  the  co 
centrations  of  reagents  to  effect  the  complete,  uncontaminat 
separation  of  tin. 

REAGENTS 

Chlorostannous  Acid  Solution,  0.05  mg.  of  tin  per  ml.  Di 
solve  0.1  gram  of  pure  tin  in  100  ml.  of  1  to  1  hydrochlor 
acid  and  dilute  to  2  liters  with  1  to  1  hydrochloric  acid. 

Silicate  Solution,  1  mg.  of  silica  per  ml.  Fuse  1  gram 
pure  silica  with  5  grams  of  c.p.  sodium  carbonate,  dissolve 
distilled  water,  and  dilute  to  1  liter. 

Molybdate  Solution.  Dissolve  5.3  grams  of  c.p.  ammoniu 
molybdate  in  100  ml.  of  distilled  water,  add  10  ml.  of  coi 
centrated  sulfuric  acid  (specific  gravity  1.84),  and  dilute  i 
200  ml. 

Silicomolybdate  Reagent.  Dilute  10  ml.  of  the  molybda 
solution  to  approximately  800  ml.,  add  2.5  ml.  of  the  silicai 
solution,  and  dilute  to  1  liter.  Mix  thoroughly  and  allow  ( 
stand  0.5  hour  before  use.  Prepare  a  fresh  supply  daily  from  tl 
stock  solution  of  molybdate  and  silicate. 

Zinc  Shot.  Reagent  grade,  low  in  arsenic,  lead,  and  iroi 
weighing  0.4  to  0.5  gram  per  shot. 

PROCEDURE 

In  case  of  ferrous  metals  containing  less  than  0.05%  tii 
weigh  accurately  a  10-gram  sample  for  analysis;  for  metal 
higher  in  tin,  use  a  proportionally  smaller  sample.  Introduc 
the  sample  into  a  250-ml.  Claisen  flask  and  add  200  ml.  of  a  solu 
tion  containing  15  ml.  of  concentrated  sulfuric  acid  (specifi 
gravity  1.84)  and  30  ml.  of  concentrated  hydrochloric  acii 
(specific  gravity  1.19).  Add  glass  beads  to  minimize  bumping 
Evaporate  to  the  first  fumes  of  sulfuric  acid,  or  until  the  residu 
is  semisolid,  but  not  to  dryness.  In  case  of  nonferrous  metal 
containing  more  than  0.05%  tin,  dissolve  1  gram  of  sampl 
in  a  400-ml.  tail-form  beaker  with  15  ml.  of  concentrated  sill 
furic  acid,  10  ml.  of  concentrated  nitric  acid  (specific  graviti 
1.42),  and  25  ml.  of  water.  Fume  strongly  to  remove  exces 
nitric  acid,  transfer  to  a  250-ml.  Claisen  flask,  and  wash  tin 
beaker  with  1  to  1  hydrochloric  acid.  Add  glass  beads  and  de 
hydrate. 

After  dissolution  and  dehydration  of  the  sample,  add  If 
ml.  of  concentrated  sulfuric  acid.  Place  a  200°  C.  thermometei 
in  the  main  neck  of  the  Claisen  flask  with  the  thermometei 
bulb  close  to  the  bottom  of  the  flask.  In  the  other  neck  placi 
a  50-ml.  separatory  funnel.  Attach  the  side  arm  to  a  watei 
condenser.  Receive  the  distillate  in  a  100-ml.  Erlenmeyer  flask, 
A  trap  and  caustic  solution  may  be  connected  to  the  Erlenmeyet 
flask  to  prevent  the  escape  of  uncondensed  hydrochloric  acid 
vapors.  Pour  10  ml.  of  concentrated  hydrochloric  acid  and  15 
ml.  of  40%  potassium  bromide  into  the  Claisen  flask  through 
the  separatory  funnel  to  prevent  loss  of  tin.  Transfer  40  ml.  of 
concentrated  hydrochloric  acid  to  the  separatory  funnel.  Distill 
the  solution  until  the  temperature  of  the  solution  in  the  flask 
reaches  138°  to  143°  C.  Add  the  40  ml.  of  concentrated  hydro¬ 
chloric  acid  drop  by  drop  from  the  separatory  funnel,  keeping  the 
temperature  between  138°  and  143°  C.  After  all  the  acid  has 
been  added,  continue  distillation  until  the  temperature  rises  to 
150  C.  Discontinue  heating,  disconnect  the  condenser,  and 
wash  it  with  1  to  1  hydrochloric  acid,  collecting  the  washings  in 
the  flask  containing  the  distillate. 

The  distillate  now  contains  the  tin,  and  requires  only  evapora¬ 
tion  to  a  definite  volume  before  being  ready  for  the  colorimetric 
determination. 

The  volume  to  which  the  distillate  is  evaporated  before  test¬ 
ing  depends  on  the  milligrams  of  tin  present.  Two  procedures 
have  been  developed,  depending  on  the  concentration  of  tin. 
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J  Micro  procedure  (tin  range  0.02  to  0.2  mg.).  Evaporate 
t;  distillate  to  less  than  6  ml.,  dilute  to  6  ml.  with  1  to  1  hydro- 
c  oric  acid,  and  transfer  to  a  50-ml.  Erlenmeyer  flask.  Heat  to 
tiling,  add  2  zinc  shots,  and  shake  while  boiling  for  1  minute. 
]ur  20  ml.  of  the  silicomolybdate  reagent  into  the  reaction 
fsk,  mix,  and  decant  immediately  into  a  glass-stoppered 
llenmeyer  flask,  to  separate  the  solution  from  the  zinc  within 
]  seconds.  Simultaneously  run  a  standard  containing  0.1  mg. 
ctin  per  6  ml.  by  the  same  procedure.  Compare  the  resulting 
lie  colors  after  standing  5  minutes. 

Macroprocedure  (tin  range  0.2  to  1.0  mg.).  Evaporate 
K>  distillate  to  about  25  ml.,  dilute  to  30  ml.  with  1  to  1  hydro- 
(oric  acid,  and  transfer  to  a  250-ml.  tail-form  Erlenmeyer 
fsk.  Heat  to  boiling,  add  10  zinc  shots  (approximately  4  to  5 
jims),  and  shake  while  boiling  for  1  minute.  Pour  100  ml. 
(  the  silicomolybdate  reagent  into  the  reaction  flask,  mix, 
£i  decant  immediately  into  a  glass-stoppered  Erlenmeyer  to 
siarate  the  solution  from  the  zinc  within  10  seconds.  Simul- 
fieously  run  a  standard  containing  0.5  mg.  of  tin  per  30  ml. 
(solution  by  the  same  procedure.  Compare  the  resulting  colors 
t  er  standing  5  minutes. 

No  color  is  found  in  a  solution  containing  no  tin  when  the 
1-second  maximum  mixing  and  decanting  time  is  not  exceeded. 
r.  is  period  of  time  is  more  than  ample  to  permit  efficient  opera- 
tn. 


RANGE  OF  CONCENTRATION  AND  CONFORMITY  TO  BEER’S  LAW 

\  number  of  determinations  were  run  on  tin  standards  con- 
tning  0.02  to  1.5  mg.  of  tin.  Solutions  containing  0.18  mg.  of 
1  or  less  were  determined  by  the  micromethod  and  above  0.18 
ft;.  of  tin  by  the  macromethod.  Each  result  was  checked  on 
t  th  the  photoelectric  filter  photometer  (Fisher)  and  a  Duboscq 
<nparator,  using  0.5  mg.  of  tin  per  30  ml.  as  the  standard. 
1  is  evident  from  Table  I  that  excellent  results,  conforming  to 
ler’s  law,  can  be  obtained  for  solutions  containing  up  to  a 
iiximum  of  1  mg.  of  tin.  Concentrations  of  tin  greater  than 
]ng.  per  30  ml.  of  1  to  1  hydrochloric  acid  solution  gave  weaker 
c  or  intensities  than  is  required  by  the  Beer’s  law  straight-fine 
tationship.  In  the  micromethod  a  maximum  error  of  15%  was 
find  in  the  range  from  0.02  to  0.2  mg.  of  tin,  which  represents 
ft  error  of  only  0.03  mg.  of  tin  when  0.2  mg.  is  present.  The 
■icroprocedure  as  outlined  will  determine  accurately  within 
lo  of  the  actual  value  from  0.2  to  1  mg.  of  tin  per  30  ml.  of 
*ution. 

In  all  the  determinations  by  both  methods,  the  per  cent  of 
4.  calculated  from  a  reading  with  the  Duboscq  comparator 
sely  checked  the  results  obtained  using  the  Fisher  photo- 
i  trie  filter  photometer. 


STABILITY  OF  REAGENT  AND  MOLYBDENUM  BLUE  COLOR 

Experiments  on  the  effect  of  aging  of  the  silicomolybdate 
iigent  disclosed  that  the  freshly  prepared  reagent  did  not 
t'e  satisfactory  results  if  used  immediately.  After  24  hours, 
|or  results  were  again  obtained  because  of  the  decomposition 
c  the  heteropoly  complex.  Therefore,  solutions  were  prepared 
<ch  morning,  or  prior  to  use,  allowed  to  react  for  0.5  hour, 
id  any  excess  was  discarded  at  the  end  of  the  day. 

■‘The  stabilities  of  the  molybdenum  blue  complexes  formed 
l  reducing  the  silicomolybdate  reagent  with  amounts  of  tin 
J  lying  from  0.1  to  1  mg.  per  30  ml.  of  1  to  1  hydrochloric  acid 
I  ution  were  determined  by  measuring  the  color  intensities  on  the 
Jotometer  at  various  intervals  of  time.  Maximum  color  in- 
fisities  are  formed  in  each  case  within  5  minutes  after  reduc- 
<  n.  For  concentrations  of  tin  equal  to  0.6  mg.  or  less,  only 
;ht  fading  occurred  in  1  hour.  In  greater  quantities,  fading 
appreciable  in  30  minutes.  Readings  taken  after  5  minutes 
ve  satisfactory  results  in  all  cases. 


EFFECT  OF  ACIDITY 

The  acid  concentration  of  the  silicomolybdate  reagent  was 
’ried  so  as  to  obtain  a  final  normality  of  the  mixture  of  re¬ 
lent  and  tin  solution  containing  0.5  mg.  of  tin  ranging  from 
K2  to  1.72.  Photometer  readings  at  the  end  of  5  and  60 


minutes  showed  that  this  wide  range  of  normalities  had  slight- 
effect  on  the  development  or  stability  of  the  blue  color. 

EFFECT  OF  DIVERSE  IONS 

A  study  was  made  of  the  effect  of  diverse  ions  that  may  be 
found  in  the  distillate  after  separation  of  tin,  as  described  in  the 
procedure  upon  the  blue  color.  Arsenic  has  little  effect  on  the 
color  until  5  mg.  are  present  in  the  30-ml.  aliquot.  Antimony 
interference  is  slight  up  to  3  mg.  in  the  30-ml.  aliquot.  These 
concentrations  are  very  high  and,  therefore,  no  interference  is 
to  be  expected  in  the  majority  of  cases  in  which  small  quan¬ 
tities  of  tin  will  be  determined.  Concentrations  of  iron  over  0.2 
mg.  per  30  ml.  depress  the  color  and  give  a  greenish  cast  to  the 
solution.  The  method  of  separation  of  tin  used  in  the  pro¬ 
cedure  excludes  all  but  traces  of  these  impurities  and,  there¬ 
fore,  little  interference  from  them  is  found  in  an  actual  determina¬ 
tion.  In  the  absence  of  tin,  the  presence  of  antimony  may  lead 
to  the  determination  of  0.1  mg.  of  tin  per  30  ml. 

RESULTS 

Results  of  determinations  on  standard  samples  prepared  by 
adding  known  quantities  of  tin  to  10  grams  of  tin-free  steel 
showed  a  maximum  error  of  4%.  Table  II  shows  the  results  of 
45  determinations  of  National  Bureau  of  Standards  and  Norfolk 
Navy  Yard  steel  samples.  The  maximum  deviation  is  0.0018% 
and  the  maximum  per  cent  deviation  0.0012.  Also  listed  are 
26  tin  determinations  of  nonferrous  metals.  The  maximum 
deviation  is  0.023%  tin  and  the  maximum  per  cent  deviation 
is  0.015  in  manganese  bronzes  containing  0.2  to  0.5%  tin. 


Table  II.  Determination  of  Tin 


Sample 


N.B.S.  25  Si  steel" 

Steel  from  Norfolk  Navy  Yard 
N.B.S.  106,  Cr-Mo-Al  steel 
N.B.S.  73  stainless  steel 
N.B.S.  55  ingot  steel 
N.B.S.  9C-Bessemer  steel 
N.B.S.&  3.3-3%  Ni  steel 
N.B.S.  72B,  Cr-Mo  steel 
N.B.S.  126-36%  Ni  steel 
Mn  bronze  133040 
Mn  bronze  133041 c 
Mn  bronze  133042 
Mn  bronze  1331434 


No.  of 
Detns. 

Tin  Found 

Deviation 

% 

% 

4 

0.0063 

±0 . 0005 

6 

0 . 0065 

±0.0012 

4 

0.014 

±0.0005 

4 

0.0029 

±0.0002 

7 

0 . 0029 

±0.0002 

5 

0.0015 

±0.0001 

4 

0.0039 

±0.0002 

5 

0.0073 

±0.0009 

6 

0.0168 

±0.0008 

9 

0.202 

±0.005 

5 

0.223 

±0.015 

6 

0.390 

±0.013 

6 

0.415 

±0.008 

°  Bureau  of  Standards  analysis  of  tin  =  0.007%  includes  any  As  or  Sb. 
b  Determinations  by  mieromethod. 
c  Gravimetric  determination  =  0.20%  tin. 

4  Gravimetric  determination  =  0.43%  tin. 
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Hallett  Appointed  Associate  Editor 

Chapman,  Churchill/  and  Oser  Elected  to  Advisory  Board 


It  is  with  a  deep  feeling  of  satisfaction  and  personal  pleasure 
that  I  announce  the  appointment  of  L.  T.  Hallett  as  associate 
editor  of  the  Analytical  Edition  of  Industrial  and  Engineer¬ 
ing  Chemistry,  and  report  the  election  by  the  Council  of  R.  P. 
Chapman,  J.  Raynor  Churchill,  and  Bernard  L.  Oser  to  the 
Advisory  Board. 

Dr.  Hallett  brings  to  the  publication  a  wealth  of  diversified 
experience  in  the  analytical  field.  He  will  devote  a  considerable 
portion  of  his  efforts  to  initiating  new  editorial  programs. 

The  Advisory  Board  of  the  Analytical  Edition  has  been 
functioning  very  actively  now  for  slightly  more  than  a  year. 
The  members  of  the  board  and  your  editor  have  felt  that  several 
highly  important  specialized  divisions  of  analytical  chemistry 


were  not  satisfactorily  represented  by  the  existing  make-u] 
the  membership  of  the  board.  Accordingly  permission  was 
quested  to  increase  the  membership  from  six  to  nine.  At 
most  recent  meeting  of  the  board,  held  in  Washington,  Janu 
22,  1944,  the  question  of  what  fields  should  be  more  directly  i 
resented  at  this  time  was  analyzed  and  nominations  by  meml 
of  the  board  were  carefully  considered.  The  names  of  Mes 
Chapman,  Churchill,  and  Oser  were  presented  by  the  editoi 
the  Council  at  its  meeting  in  Cleveland,  April  5,  1944.  I 
happy  to  state  that  these  individuals  were  unanimously  elect* 


Lawrence  T.  Hallett  brings  to  his  posi¬ 
tion  as  associate  editor  of  the  Analytical 
Edition  a  background  in  analytical  chem¬ 
istry  dating  from  his  associating  while  an 
undergraduate  at  the  University  of  British 
Columbia  with  E.  H.  Archibald,  pro¬ 
fessor  of  chemistry,  who  had  been  a 
student  of  T.  W.  Richards.  This  early 
interest  in  precise  analytical  methods  was 
deepened  while  working  on  a  master’s 
thesis  on  preparation  of  pure  rubidium 
and  cesium  chloroplatinates  and  determi¬ 
nation  of  their  solubilities.  In  fulfill¬ 
ment  of  his  mother’s  wish  that  some 
part  of  his  education  be  obtained  in  the 
United  States,  he  undertook  further 
graduate  study  in  analytical  chemistry  at 
the  University  of  Wisconsin. 

After  a  few  months  of  instructing,  a 
iull-time  graduate  fellowship  was  taken 
m  the  development  of  microanalytical 
methods  for  the  analysis  of  lake  water 
residues.  After  receiving  a  Ph.D.  from 
the  University  of  Wisconsin  in  1928,  he 
had  a  brief  excursion  into  teaching  ana- 

insulati(mmiStry  at  °reg°n  State  C°Uege  and  research  thermal 

1  U  n  1?33  joined  the  Eastman  Kodak  Company  to  develoD  a 
laboratory  for  microanalysis  and  thereby  found  his  long  cher- 
rnfo  0Pport.u.mty  t0  wove  that  micromethods  were  both  accu- 
l  rapid  ,and  entirely  suited  to  use  in  industry.  After  es- 
„  *ls  iln?  the  laboratory,  he  became  interested  in  organizing  the 
Si  vanous  analytical  departments,  both  plant  and  re- 
flnt°  a  coordinated  group.  This  was  effected  by  hold- 
newpr°?n«tences  f°[  th®,' demonstration  and  application  of  the 

and  nl«nf  p  f6n^al  wuu°ds  V?  analytlcal  problems  in  research 
Si!  I  ?  r°  '  While  at  Eastman,  apparatus  for  automatic 
microcombustions  was  designed  and  perfected. 

ca^p  wTr/.!lrllty  t0pursue  further  the  path  started  at  Eastman 
Z  r  he  0,rSianiratl0n  ^  a  Research  Laboratory  at  Easton, 
a.,  by  General  Aniline  and  Film  Corporation.  Early  in  1943 

chem^trfnfV^  refponsibility  of  organizing  the  analytical 
chemistry  of  the  new  laboratory  and  now  is  actively  engaged  in 

and  m!ng  and  aPPfying  the  newer  techniques  of  microchemistry 

of  this  company  methods  to  the  researeh  and  plant  problems 

0J?r;  HaUett  was  born  November  7,  1900,  in  Oakland,  Calif., 
and  received  his  B.A.  in  1923  from  the  University  of  British 

thVTZ,™  GnaS  secretary  °f  the  Microchemical  Section  of 
the  American  Chemical  Society  in  1937,  chairman  in  1939, 
d  served  on  several  analytical  committees  during  the  inter¬ 


Lawrence  T.  Hallett 


vening  years.  Publications  include  arti 
on  solubilities,  microtechniques,  and 
view  on  organic  microchemistry, 
contributed  the  section  on  microanah 
in  Scott’s  “Standard  Methods  of  Che 
cal  Analysis”. 


Ray  Parkin  Chapman,  in  charge 
the  central  analytical  laboratory  in 
Stamford  Research  Laboratories,  Ami 
can  Cyanamid  Company,  was  born  in 
Province  of  Prince  Edward  Isla 
Canada,  July  15,  1898.  He  received 
A.B.  degree  from  Mount  Adlison  IJ 
versity,  Sackvilla,  New  Brunswi 
Canada,  in  1921,  after  having  taken  ti 
out  from  college  for  two  years’  serv 
with  the  Canadian  Expeditionary  Fo 
of  World  War  I.  He  taught  chemis' 
and  mathematics  in  high  school  for  seve 
years,  meanwhile  attending  summer  s 
sions  at  Columbia  University  (Teach 
College)  and  receiving  his  M.A.  degi 
in  1928.  He  entered  Columbia  Univ 
sity  as  a  graduate  student  in  the  I 
partment  of  Chemistry  in  1929  and  : 
ceived  his  Ph.D.  degree  in  1932,  serving  during  this  period  fi 
as  assistant  in  chemistry  at  Columbia  and  later  as  instructor 
St.  Stephen’s  College.  His  research  for  the  doctorate  dealt  wi 
indicators  for  oxidation-reduction  reactions  and  resulted  in  t 
discovery  of  the  indicator  properties  of  the  now  familiar  ferro 
o-phenanthroline  complex  ion. 

After  a  year  as  research  assistant  at  Columbia  he  joined  t 
Experimental  Laboratory  of  the  American  Cyanamid  Compai 
at  Linden,  N.  J.,  in  1933.  He  has  been  in  charge  of  the  centr 
analytical  laboratory  of  that  company’s  Stamford  Researi 
Laboratories  since  its  organization  in  1937. 

He  has  been  a  member  of  the  American  Chemical  Sociei 
since  1931,  and  is  a  member  also  of  various  committees  of  tl 
American  Society  for  Testing  Materials  and  of  Sigma  Xi  ar 
Phi  Lambda  Upsilon. 

J.  Raynor  Churchill  was  born  in  Denver,  Colo.,  in  1911  at 
went  to  Pittsburgh  in  1919,  when  his  father,  H.  V.  Churchil 
became  chief  chemist  of  the  Aluminum  Company  of  Americ; 
Intending  to  become  a  mechanical  engineer,  he  worked  for  a  fe 
months  in  the  Machine  Shops  of  the  Aluminum  Company  ( 
America,  and  for  a  year  as  a  millwright  at  the  Ford  Plant  i 
Detroit.  Returning  to  Pittsburgh,  he  entered  the  Evenin 
College  of  Engineering  at  the  Carnegie  Institute  of  Technology 
In  1929  he  joined  the  staff  of  the  Aluminum  Research  Labon 
tories  as  laboratory  assistant.  He  completed  the  9-year  evenin 
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rse  at  Carnegie  Tech  in  1938,  obtaining  the  bachelor’s  degree, 
l  took  a  number  of  graduate  subjects  in  the  evening  school 
ing  the  next  few  years. 

•dost  of  his  professional  experience  has  been  in  the  field  of 
ctrography  from  the  time  the  first  modern  spectrograph  was 
ained  by  the  Aluminum  Company  of  America  in  1931 .  He  be- 
|ne  chief  spectrographer  in  1941  and  has  been  in  charge  of  the 
ppany’s  spectrographic  operations  since  that  time.  He  has 
1,1  an  important  part  in  the  tremendous  expansion  of  its  analyti- 
facilities  during  the  past  few  years.  The  company  is  now 
rying  on  the  bulk  of  its  metallurgical  analysis  by  means  of 
:  spectrograph  and  is  using  40  spectrographs  in  31  laboratories 
tributed  over  the  country.  Most  of  his  time  during  the  past 
r  years  has  been  spent  on  the  development  of  equipment  and 
ihniques  for  spectrographic  analysis  and  in  the  technical 
>ervision  of  spectrographic  laboratories.  He  has  done  some 
earch  in  allied  fields  and  has  been  the  author  or  co-author  of 
5ers  on  spectrography,  electrographic  methods  of  analysis, 
i  corrosion  phenomena. 

Bernard  L.  Oser  was  born  in  Philadelphia,  February  2,  1899. 
received  the  B.S.  in  chemistry  from  the  University  of  Pennsyl- 
oia  in  1920,  working  under  Edgar  Fahs  Smith,  and  the  M.S. 
1925,  working  under  D.  Wright  Wilson;  and  his  Ph.D.  in  1927 
;m  Fordham  University,  working  under  Carl  P.  Sherwin. 

3e  was  employed  as  chemist  in  the  Dermatological  Research 


Laboratories  from  1918  to  1920,  as  assistant  in  the  Department 
of  Physiological  Chemistry,  Jefferson  Medical  College,  from  1920 
to  1922,  and  as  instructor  in  the  Department  of  Chemistry, 
Graduate  School  of  Medicine,  University  of  Pennsylvania,  and 
biochemist,  Philadelphia  General  Hospital,  from  1922  to  1926. 
In  1926  he  joined  Philip  B.  Hawk  as  assistant  director  in  charge 
of  the  biological  laboratories  of  the  Food  Research  Laboratories, 
Inc.;  in  1934  he  became  director  and  in  1939  vice  president. 

He  has  been  a  collaborator  on  all  revisions  of  Hawk  and 
Bergeim’s  “Practical  Physiological  Chemistry”  since  the  8th 
edition  and  author  of  several  chapters,  including  those  on  blood 
chemistry  and  vitamins  and  deficiency  diseases.  He  is  the 
author  or  co-author  of  numerous  scientific  papers  relating  princi¬ 
pally  to  vitamin  methodology,  stabilization,  and  control  in  foods, 
fish  liver  oils,  and  pharmaceutical  products. 

He  has  been  a  member  of  the  American  Chemical  Society 
since  1927,  and  is  at  present  a  member  of  the  Executive  Com¬ 
mittee,  Division  of  Agricultural  and  Food  Chemistry.  Member¬ 
ships  in  other  scientific  societies  include:  American  Association 
for  the  Advancement  of  Science,  American  Institute  of  Chemists, 
New  York  Academy  of  Science,  Institute  of  Food  Technologists, 
Animal  Vitamin  Research  Council,  Association  of  Consulting 
Chemists  and  Chemical  Engineers,  Committee  on  Valid  Certi¬ 
fication  of  the  American  Standards  Association,  and  American 
Association  of  Scientific  Workers. 


Standard  Samples  of  Hydrocarbons 

Work  was  begun  at  the  National  Bureau  of  Standards  on  July  1, 
43,  on  the  preparation  of  standard  samples  of  hydrocarbons  of 
own  high  purity  for  calibrating  analytical  instruments  and  appara- 


• 

N.B.S. 

Standard  Sample  Amount  of  Impurity 

Compound 

No.  Mole  Per  Cent 

’entane 

201  0.25 

±0.10 

lethylbutane  (isopentane) 

202  0.13 

±0.06 

iexane 

203  0.24 

±0.09 

dethylpentane 

204  0 . 25 

±  0.10 

-lethylpentane 

205 

a 

-Dimethylbutane 

206  0.12 

±  0.05 

-Dimethylbutane 

207  0 . 06 

±0.04 

ithylcyclopentane 

208  0.25 

±0.09 

clohexane 

209  0.012 

±  0.007 

nzene 

210  0.05 

±0.02 

ethylbenzene  (toluene) 

211  0.04 

±0.02 

hylbenzene 

212  0.20 

±0.07 

-Dimethylbenzene  (o-xylene) 

213  0.14 

±0.05 

-Dimethylbenzene  (m-xylene) 

214  0.17 

±  0.07 

t-Dimethylbenzene  (p-xylene) 

215  0.07 

±  0 . 03 

esignation  Volume  of 

;o  Follow  Hydro- 

Standard  carbon. 

Cost  per 

ample  No.  Ml. 

Kind  of  Container 

Sample 

-  5  5 

Plain  ampoule,  sealed  in  vacuo 

$3.00 

-85  8 

Special  ampoule,  with  internal 

vacuum  break-off  tip,  sealed 

in 

vacuo 

5.00 

-25  25 

Plain  ampoule,  sealed  in  vacuo 

9.00 

1  Not  determined;  believed  to  be  the  same  as  for  2-methylpentane. 

,  - 

I 


tus  in  the  research,  development,  and  analytical  laboratories  of  the 
petroleum,  rubber,  and  allied  industries.  Only  a  limited  quantity  of 
each  hydrocarbon  has  been  prepared  and  the  purity  of  each  has  been 
pushed  only  to  a  point  that  is  believed  to  be  amply  adequate  for  the 
present  urgent  needs  for  calibration.  Fifteen  hydrocarbons  are  now 
available  under  this  program  (see  table) . 

The  cost  includes  delivery  in  the  United  States,  Mexico,  Canada, 
Cuba,  and  United  States  possessions.  For  other  countries,  50  cents 
postage  must  be  added  for  each  container,  plus  25  cents  for  insurance 
or  registration  of  each  shipment. 

Payment  must  be  made  with  order.  Orders  should  be  addressed 
to  the  National  Bureau  of  Standards,  Washington  25,  D.  C.,  specify¬ 
ing  clearly  by  number  and  name  the  hydrocarbons  and  containers 
wanted. 


Sensitive  Indicator  for  Volumetric  Determi¬ 
nation  of  Boiler  Feedwater  Alkalinity 


The  reagents  used  in  preparation  of  the  indicator  for  volumetric 
determination  of  boiler  feedwater  alkalinity  [Ind.  Eng.  Chem., 
Anal.  Ed.,  15,  742  (1943)  ]  are: 

1.  Alphazurine,  National  Aniline  Division,  Allied  Chemical  & 
Dye  Corp.,  reagent  205. 

2.  Methyl  red  sodium  salt,  Eastman  organic  chemicals,  No.  1462. 


Bureau  of  Ships 
Navy  Department 
Washington,  D.  C. 


Harry  Fleisher 


NOTES  ON  ANALYTICAL  PROCEDURES 


Textile  Finishes  end  Fiber  Identification  Stains 

BRAHAM  NORWICK1,  Beaunit  Mills,  Cohoes,  N.  Y. 


|T  HAS  been  recognized  that  dye  mixtures  such  as  the  Hahn 
I  stains  and  the  more  versatile  Davis  and  Rynkiewicz  modifica¬ 
tion  ( 1 )  are  not  entirely  adequate  for  the  identification  of  treated 
rayon  fibers  likely  to  be  encountered  in  processed  fabrics.  The 
presence  of  added  substances  in  the  yam,  as  well  as  the  chemical 
and  physical  history  of  the  fabric,  frequently  results  in  peculiar 
alterations  of  test  dyeing  properties.  Under  such  circumstances, 
once  the  yarns  are  known,  anomalous  dyeing  may  serve  to  deter¬ 
mine  the  finish  or  the  extent  to  which  processing  has  been  car¬ 
ried.  When  the  treatment  is  known,  the  shade  obtained  may 
be  of  value  in  control,  once  one  has  established  a  set  of  standards; 
this  is  illustrated  in  Table  I,  which  indicates  the  influence  of 
causticizing  upon  subsequent  test  dyeing  with  the  Davis  and 
Rynkiewicz  stain. 


Table  1.  Effect  of  Caustic  Treatment  upon  Subsequent 

Dyeing 

Concentration  of  Caustic 

25%, 
25°  C. 

Time 
Min . 

25°  C. 

50°  C. 

o  /o 

25°  C. 

50°  C. 

Acetate 

0.5 

1 

5 

Greenish 

yellow 

Greenish 

yellow 

Greenish 

Greenish 

yellow 

Green 

Blue 

Greenish 

yellow 

Greenish 

yellow 

Green 

Green 

Green 

Greenish 

yellow 

Greenish 

yellow 

yellow 

Viscose 

0.5 

1 

5 

Lavender 

Lavender 

Lavender 

Lavender 

Lavender 

Lavender 

Blue 

Blue 

Violet 

Violet 

Violet 

Dark 

Dark  blue 
Dark  blue 
Dark  blue 

In  testing  samples  which  have  had  unknown  treatment,  one 
must  first  consider  the  primary  color  components  which  go  to 
make  up  the  shade  obtained.  The  possible  significance  of  the 
various  colors  is  not  easily  limited,  but  the  probabilities,  es¬ 
pecially  when  considered  along  with  the  particular  type  of 
tabric  under  examination,  are  indicated  in  Table  II. 

Table  III  indicates  how  one  may  make  further  subdivisions 
in  such  a  typical  treatment  as  sizing. 

The  various  families  of  finishes  may  be  distinguished  by  test 
dyeing  before  and  after  special  treatments:  enzymes  for  pro¬ 
teins,  5%  sulfuric  acid  at  a  boil  for  urea-formaldehyde  resins, 
■alcoholic  extraction  for  cationic  softeners. 

1  Present  address,  Aberdeen  Proving  Ground,  Md. 


Table  II.  Color  Components 

Yellow 


Blue 

Cuprammonium 

'Cotton 

Vinyon 

Sizes 

Cationic  materials 
Attacked  viscose 
Attacked  acetate 


Acetate 

Nylon 

Wool 

Heavy  oiling 
Melamine 
Aldehyde  resins 


Red 

Viscose 

Attacked  wool 
Aldehyde  resins 


Table  III.  Alkali-  and  Water-Soluble  Sizes 


Blue 

Starches 

Protein  adhesives 
Cellulose  ethers 
Polyvinyl  alcohols 


No  Color 

Natural  gums 
Natural  resins 
Alkyd  resins 


The  fibers  based  upon  cellulose  can  be  treated  to  give  t< 
dyeings  in  all  the  available  shades. 


Cotton,  dried  with  formaldehyde  and  a  trace  of  acid,  moisten 
with  ammonia,  and  then  heated  either  in  an  oven  or  in  an  < 
game  liquid  such  as  lauryl  alcohol,  quickly  loses  its  ability 
pick  up  blue  and  shows  first  reddish  shades  and  then  yellov 
Drying  cotton  with  glyoxal  gives  similar  results.  The  presen 
of  melamine,  even  if  unreacted— that  is,  in  a  state  where  it 
extractable  with  water— as  it  might  be  if  employed  for  i 
hibitmg  the  gelatinizing  action  of  concentrated  sulfuric  ac 
upon  cotton,  causes  the  latter  to  pick  up  yellow.  Drvii 
viscose  with  glyoxal  yields  a  yam  which  dyes  a  pale  yeflo 
1  he  common  creaseproof  and  shrink-resisting  urea-formaldehvi 
finish  gives  yellow  shades:  one  interesting  sample  of  plai 
weave  spun  rayon  showed  a  test  dyeing  yellow  on  one  fa, 
and  lavender  on  the  other,  due  to  the  use  of  dry  cans  contactii 
and  reacting  the  resin  on  only  one  face  of  the  fabric. 


Incomplete  and  uneven  desizing,  which  may  be  manifest! 
in  a  variety  of  ways,  such  as  a  slight  uneven  luster  or  dullnes 
or  variable  tear  strengths  and  air  permeabilities,  can  be  rapid' 
detected  on  known  fabrics  of  nylon,  viscose,  and  acetate,  sim 
the  common  size  materials  stain  a  deep,  contrasting  blue.  1 
such  cases,  and  with  mixed  fibers,  examination  of  the  dyed  samp 
under  a  low-power  microscope  may  be  a  source  of  further  ii 
formation  about  the  condition  of  the  material. 

There  is  a  relation  between  the  extent  of  alteration  of  tes 
dyeing  properties  and  the  effective  treatment,  but  this  is  ger 
erally  true  only  over  short  ranges,  and  even  there  one  will  fin 
in  commercial  treatments  that  interferences  uncontrollable  b 
the  analyst  are  of  such  magnitude  that  in  general  only  qualitativ 
information  can  be  obtained. 

Appreciating  this  fact,  however,  for  satisfactory  qualitativ 
tests,  the  analyst  has  considerable  leeway,  following  the  Davi 
and  Rynkiewicz  staining  suggestions. 


LITERATURE  CITED 

(1)  Davis,  H.  L.,  and  Rynkiewicz,  H.  J.,  Ind.  Eng.  Chem.  4nai 
Ed.,  14,  472  (1942). 


Priority  Assistance  to  Laboratories 

Conditions  under  which  priority  assistance  is  given  to  laboratorie: 
were  clarified  March  6  by  the  issuance  of  Preference  Rating  Ordei 
P-43  as  amended.  Any  person  who  carries  on  scientific  or  tech¬ 
nological  investigation,  testing,  development,  or  experimentation  ii 
his  business  is  considered  to  operate  a  laboratory  in  buying  materia 
for  these  purposes,  even  though  he  does  not  have  a  separate  depart¬ 
ment  or  organization  for  such  activities. 

Priority  ratings  assigned  by  the  order  may  be  used  to  get  materials 
for  development  of  products  designed  primarily  for  future  civilian 
markets  only  if  such  activities  will  be  carried  on  without  diverting  any 
manpower,  technical  skill,  or  facilities  from  war  work.  Laboratories 
may  not  use  AA-1  preference  rating  for  activities  connected  with 
future  civilian  needs. 

Restrictions  on  the  quantity  of  aluminum  that  may  be  obtained 
under  the  order  are  removed. 

Priorities  assistance  assigned  under  P-43  may  be  used  for  con¬ 
struction  jobs  costing  not  more  than  $500  without  applying  for  per¬ 
mission  to  start  construction  under  L-41.  Procedure  for  obtaining 
controlled  materials  has  been  simplified,  and  the  allotment  number 
V-9  is  used  in  place  of  MRO-P-43. 
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Nomographic  Chart  for  Correcting  Weights  to  Vacuum 

HENRY  C.  THACHER,  JR.,  C.W.S.  Development  Laboratory,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


IK 


P'mm.Ha 

r-790 

T780 

\ -770 

1-760 

i-750 


a 


1.00WO  A 

1.0015  0  — 
t-° C  1.00)40  — 
[-1(7  100130  — 

1.00120 
1.001/0  - 
/.ooioo  - 

1.00090 
1.00080 
1.000 70 


ir 


— 1.00060“ 
1.00050- 


07 


1.0- 


-25 


.  L 00040' 


1.00030  - 


-30* 


I.OOOZO  — 


*35° 


1.00015'  J 


1-5- 


LO- 


3.0- 


40- 


given  by  K  =  dm(dw  —  da)/dw(dm  —  da). 
When  d^/dm  is  negligible  in  comparison 
with  dm,  this  reduces  to  the  commonly 
used  equation,  K  =  1  +  da(l/dm  — 
1  /dw),  which  has  been  used  in  the  con¬ 
struction  of  this  chart. 

Use  of  the  Chart.  To  use  the  chart, 
draw  a  line  from  the  observed  Centigrade 
temperature  on  scale  t  to  the  observed 
pressure  on  line  P:  From  the  intersec¬ 
tion  of  this  line  with  line  a  draw  a 
second  line  to  the  density  of  the  object 
on  line  d.  Then  factor  K  will  be  found 
at  this  second  line  on  scale  K,  and  the 
vacuum  weight  of  the  object  may  be  ob¬ 
tained  by  multiplying  the  observed 
weight  by  this  factor. 

For  example,  suppose  that  an  object 
of  density  0.70  when  weighed  in  air 
at  50%  relative  humidity,  770-mm. 
barometric  pressure,  and  20°  C.,  weighs 
100.000  grams.  Then  drawing  a  line 
connecting  770  mm.  and  20°  C.,  and  a 
second  line  from  0.70  on  the  d  scale  to 
the  intersection  of  the  first  line  with  the 
a  scale,  we  find  K  equals  1.00158,  and 
the  vacuum  weight  of  the  object  is 
100.158. 

Or  again,  when  with  an  object  of 
density  1.5  weighing  10.0000  grams  in 
air  at  50  per  cent  relative  humidity  with 
barometer  reading  760  mm.  and  tem¬ 
perature  25°  C.,  K  is  found  to  be 
1.00064,  the  true  weight  of  the  object  is 
10.0064  grams. 


!  ALTHOUGH  the  correction  of  weights  in  air  to  in  vacuo  is 
/  \  a  very  common  operation  in  many  fields  of  precise  work, 
the  use  of  the  tables  available  in  handbooks  is  rather  cumbersome 
when  the  correction  must  be  applied  frequently.  Moreover,  in 
many  instances  greater  precision  may  be  required  than  is  ob- 
d  tained  by  using  tables  based  on  constant  air  density. 

The  correction  factor,  K,  by  which  the  air  weight  of  an  object 
must  be  multiplied  to  give  its  weight  in  vacuo  is  a  function  of  the 
density  of  the  object,  the  density  of  the  weights  used,  and  the 
;  density  of  the  air.  The  density  of  the  air,  in  turn,  is  a  function 
of  the  barometric  pressure,  the  temperature,  and  the  relative 
humidity.  The  effects  of  pressure  and  temperature  upon  the 
density  of  the  air  are  relatively  great,  while  the  influence  of  hu¬ 
midity  is  considerably  less,  diminishing  the  effective  pressure  by 
0.3783  times  the  partial  pressure  of  water  vapor. 

The  accompanying  nomograph  facilitates  the  correction  of 
f  weighings  with  brass  weights  to  vacuum.  All  variables  except 
relative  humidity  of  air  have  been  included  within  the  limits  indi- 
ti  cated  below.  A  constant  relative  humidity  of  50%  has  been 
1  used. 


Temperature,  10°  to  35°  C. 

Barometric  pressure,  730  to  790  mm.  of  mercury 
Density  of  object,  0.7  to  4.0 
Density  of  brass  weights,  8.4 


Inasmuch  as  the  effect  of  humidity  of  the  air  is  small,  limited 
:  variations  in  relative  humidity  will  have  only  a  slight  effect  on  re- 
i  suits.  The  nomograph  therefore  offers  a  more  rapid  means  of 
computing  correction  factors  and  at  the  same  time  permits  a 
higher  degree  of  precision,  since  it  is  based  on  constant  air  hu¬ 
midity  rather  than  on  constant  air  density. 

In  constructing  the  chart,  it  has  been  assumed  that  dry  air 
I  obeys  the  ideal  gas  law,  and  that  the  effect  of  humidity  upon  air 
?  density  is  given  by  subtracting  0.3783  times  the  partial  pressure 
of  water  vapor  from  the  observed  barometric  pressure.  Where 
i.  da  is  the  density  of  the  air,  dm  is  the  density  of  the  object,  and  dv 
i  is  the  density  of  the  weights,  the  vacuum  correction  factor,  K,  is 


The  chart  may  be  mounted  on  a  piece  of  cardboard,  and  in¬ 
dexes  made  of  loops  of  thread  of  suitable  length  with  rubber 
bands  or  light  springs  to  give  sufficient  elasticity.  If  such  loops 
of  thread  are  placed  around  the  chart,  they  can  be  moved  at 
will,  and  make  it  unnecessary  to  draw  lines  on  the  chart. 


Joining  Plastic  Tubing  to  Glass 

RICHARD  KIESELBACH,  Bakelite  Corporation, 
Bound  Brook,  N.  J. 


BECAUSE  of  the  present  scarcity  of  rubber  and  copper,  ther¬ 
moplastic  tubing  is  becoming  increasingly  popular  for  labo¬ 
ratory  use.  Where  chemical  inertness  is  desirable,  it  is  far  su¬ 
perior  to  the  materials  it  replaces. 

The  conventional  method  of  joining  plastic  tubing  to  glass  in¬ 
volves  the  use  of  a  short  length  of  rubber  tubing.  This  method 
is  usually  satisfactory,  where  a  temporary  joint  is  required.  For 
more  permanent  connections,  or  where  the  use  of  rubber  is  ob¬ 
jectionable,  a  neat,  strong,  vacuum-tight  joint  can  be  made  in 
the  following  manner: 

Draw  out  the  end  of  the  glass  tubing  to  a  gradual  taper,  cutting 
it  off  at  the  point  where  its  outside  diameter  is  slightly  less  than 
the  inside  diameter  of  the  plastic  tubing.  Fire-polish  the  end 
and  let  cool.  Then  heat  the  tapered  section  uniformly  in  a  Bun¬ 
sen  flame  for  about  2  seconds,  and  quickly  force  it  into  the  end  of 
the  plastic  tubing  for  a  distance  of  at  least  1  cm.  (Care  must  be 
taken  to  avoid  overheating  the  glass,  since  it  will  then  char  the 
plastic.)  While  it  is  still  hot,  press  the  curled  end  of  the  plastic 
tubing  to  the  glass  with  the  fingers,  to  give  the  joint  a  smoother 
appearance.  Allow  the  joint  to  cool  thoroughly  before  putting 
it  into  service. 

A  properly  made  joint  of  this  kind  will  be  found  to  be  as  leak- 
proof  as  the  tubing  itself,  and  able  to  withstand  a  surprising 
amount  of  mechanical  stress. 


Safety  Cap  for  Laboratory  Glass  Distillation  Equipment 

GEORGE  A.  RADER,  Standard  Oil  Co.  of  California,  Richmond,  Calif. 


slightly  to  release  the  flask  pressure,  and  then  to  reseat  itself. 
Along  with  the  vapor  a  small  amount  of  atomized  liquid  may  be 
released  from  the  flask  but  the  force  of  the  discharge  tends  to 
direct  the  mixture  upward  and  away  from  the  burner  flame.  If, 
during  the  distillation,  the  flask  pressure  forces  the  release  of  the 
safety  cap,  the  operator  can  shut  down  and  correct  the  cause  of 
pressure  build-up. 


Figure  1 

ONE  common  cause  of  damaging  fires  in  petroleum  labora¬ 
tories  is  the  accidental  building  up  of  excessive  pressure  in 
distillation  flasks.  Such  flasks  are  usually  equipped  with  two 
stems  or  necks,  one  used  as  the  filling  stem  and  the  other  for  a 
thermometer.  Both  openings  are  ordinarily  closed  with  a  cork. 
During  the  distillation  the  reflux  column  or  condenser  may  be¬ 
come  plugged,  there  may  be  a  sudden  formation  of  foam,  or  the 
operator  may  neglect  to  open  a  vent  line,  thereby  causing  unusual 
pressure  to  build  up  in  the  flask.  When  this  occurs  one  cork  may 
be  forced  out,  releasing  an  appreciable  volume  of  flammable 
vapor  plus  liquid  which  flashes,  and  the  result  is  a  laboratory 
fire. 

A  safety  device  (Figures  1  and  2)  has  been  developed  for  the 
purpose  of  preventing  such  fires.  One  device  is  attached  to  each 
stem  and  acts  as  a  safety  valve  by  permitting  the  cork  to  lift 
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LAYOUT  OF  STRAP  BEFORE  BENDING 
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Figure  2 

During  the  tests  and  demonstrations  on  laboratory  distillation 
equipment,  no  flashes  or  fires  resulted,  but  it  is  believed  that 
under  some  conditions  a  flash  is  possible.  The  total  amount  of 
stock  released,  however,  is  generally  so  small  that  serious  con¬ 
sequences  are  not  likely  to  result. 


Improvements  in  the  Determination  of  Iron  by  the  Nitroso  R  Salt  Method 

C.  P.  SIDERIS,  H.  y.  YOUNG,  AND  H.  H.  Q.  CHUN,  Pineapple  Research  Institute  of  Hawaii,  Honolulu,  T.  H. 


THE  selection  of  a  new  light  filter  which  is  more  sensitive  to 
the  color  of  the  iron  salt  of  l-nitroso-2-hydroxy-3, 6-naphtha¬ 
lene  disodium  sulfonate  and  the  introduction  of  certain  improve¬ 
ments  in  the  nitroso  R  salt  method  for  iron  (1 )  have  made  neces¬ 
sary  revision  of  the  original  procedure. 

Procedure.  Add  to  a  10-ml.  aliquot  of  the  unknown  in  a  50- 
ml.  Pyrex  test  tube,  0.5  ml.  of  10%  hydroxylamine  sulfate  and 
a  drop  of  0.05%  metanil  yellow  (aqueous  solution)  and  neutralize 
with  14%  ammonium  hydroxide  drop  by  drop  until  a  pinkish- 
yellow  color  is  obtained.  (If  a  decidedly  yellow  color  is  produced, 
add  one  drop  of  6  N  hydrochloric  acid.)  Then  add  to  the  mixture 
1  ml.  of  0.5%  nitroso  R  salt  and  2  ml.  of  4  N  sodium  acetate  and 
dilute  to  a  definite  volume,  in  the  range  of  20  ml.  Determine 


color  intensity  in  the  photoelectric  colorimeter  from  2  to  24  hours 
later,  using  filter  KS-66  with  transmission  limits  of  640  to  700 
millimicrons  and  a  2.5-mm.  cell  or  a  combination  of  a  10-mm.  cell 
and  a  7.5-mm.  plunger  as  recommended  for  the  Summerson-Klett 
photoelectric  colorimeter.  The  10-mm.  cell  is  recommended  for 
concentrations  below  1  microgram  per  ml.  A  good  linear  rela¬ 
tionship  between  concentration  and  colorimetric  reading  exists 
up  to  10  micrograms  of  iron  per  milliliter. 

LITERATURE  CITED 

(1)  Sideris,  C.  P.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  14,  756  (1942). 

Published  'with  the  approval  of  the  Acting  Director  as  Technical  Paper 
No.  151  of  the  Pineapple  Research  Institute  of  Hawaii,  University  of 
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Some  Color  Tests  for  Rotenone  Not  Specific 

H.  L.  HALLER 

U.  S.  Department  of  Agriculture,  Bureau  of  Entomology  and  Plant  Quarantine,  Beltsville,  Md. 


OF  THE  several  colorimetric  tests  proposed  for  the  detection 
of  rotenone  (0),  the  blue  color,  or  Durham,  test  (4)  and  the 
red  color,  or  Gross-Smith-Goodhue,  test  (5,  6)  have  been  found 
especially  useful.  The  Durham  test  is  based  on  the  observation 
that  when  rotenone  is  treated  with  nitric  acid  and  then  with  am¬ 
monia  an  evanescent  blue  color  is  produced;  it  has  been  modified 
by  Jones  and  Smith  (11)  to  make  it  more  delicate  and  suitable 
for  general  use.  In  the  Gross-Smith-Goodhue  test  a  red  color  is 
obtained  when  an  alcoholic  potassium  hydroxide  solution  con¬ 
taining  sodium  nitrite  is  added  to  rotenone  and  the  mixture  sub¬ 
sequently  is  acidified  with  sulfuric  acid. 

Either  test  can  be  relied  upon  to  show  the  presence  of  rotenone 
or  some  of  the  rotenoids  (13)  in  specimens  of  Derris,  Lonchocarpus, 
and  Tephrosia.  The  blue  color  test  has  been  used  by  Jones  et  al. 
(10)  and  by  Sievers  and  associates  (14)  to  select  specimens  of 
ievil’s-shoestring  (Tephrosia  virginiana)  highest  in  rotenone 
content.  Jones  et  al.  (10)  found  that  the  effectiveness  against 
aouseflies  of  acetone  extracts  of  various  species  of  Tephrosia  is 
veil  correlated  with  the  degree  of  blue  or  blue-green  color  given 
oy  the  Durham  test.  By  this  simple  test  the  effectiveness  of  a 
sample  of  Tephrosia  can  be  roughly  predicted.  Likewise,  the 
•ed  color  test  has  been  widely  used  in  the  quantitative  evaluation 
)f  material  containing  rotenone  and  some  of  the  rotenoids. 
’ahn  et  al.  (3)  found  the  method  useful  in  an  extensive  study  of 
he  composition  of  derris  root. 

These  color  tests,  however,  are  not  always  specific  for  rotenone 
n  other  genera  of  Leguminosae.  For  example,  in  1937  Moore 
12),  searching  for  a  domestic  source  of  rotenone,  reported  its 
presence  in  Amorpha  fruticosa  because  it  gave  a  positive  Durham 
est.  Subsequently  Featherly  (2),  of  Oklahoma  Agricultural  and 
VIechanical  College,  confirmed  the  observations  of  Moore  and 
iroposed  that  seed  of  the  plant  be  used  as  a  source  of  rotenone 
luring  the  war  emergency.  More  recently,  however,  Acree, 
lacobson,  and  Haller  (1)  have  shown  that  rotenone  is  not  pres¬ 
et  in  the  seeds  of  A.  fruticosa  and  that  the  blue  color  is  produced 
>y  a  glycoside  whose  value  as  an  insecticide  remains  to  be  de- 
ermined. 

The  yam  bean  (Pachyrhizus  erosus)  also  was  reported  to  con- 
ain  rotenone  solely  on  the  basis  of  the  Durham  test  (8).  Both 
his  plant  and  Amorpha  fruticosa  give  a  positive  red  color  test. 

•  Certain  synthetic  organic  compounds  have  also  been  shown  to 
1  >roduce  an  evanescent  blue  color  when  the  Durham  test  is  ap- 
>lied  (7). 

From  the  foregoing  results  it  appears  that  considerable  caution 
hould  be  taken  in  interpreting  the  color  obtained  in  both  these 
ests  when  they  are  applied  to  plant  material  other  than  Derris, 

! lonchocarpus,  and  Tephrosia.  Rotenone  should  be  reported  as 
•resent  in  plants  only  when  it  has  been  definitely  isolated  and 
haracterized. 
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Washing  Selas  Filtering  Crucibles 
by  Reverse  Flow 

ERWIN  J.  BENNE 

Michigan  Agricultural  Experiment  Station,  East  Lansing,  Mich. 

SINCE  it  has  become  impossible  to  obtain  asbestos  for  analyti¬ 
cal  filtrations  as  desirable  as  that  formerly  available,  the 
author  and  his  associates  have  sought  equally  effective  and 
convenient  means  of  quantitative  filtration  without  the  use  of 
asbestos.  Selas  filtering  crucibles  meet  these  requirements  for 
certain  determinations,  including  potassium  by  the  chloro- 
platinate  method,  sugar  by  use  of  Fehling’s  solution,  and  others. 

These  crucibles  are  similar  to  the  Gooch  type  in  shape  but 
have  a  fixed,  porous  bottom  for  the  filtering  element,  thereby 
eliminating  the  use  of  asbestos.  Directions  for  cleaning  recom¬ 
mend  washing  with  hot  water  or  hot  acids  by  reverse  flow  in  order 
to  remove  fine,  insoluble  particles  lodged  in  the  pores  of  the  upper 
surface  of  the  filter,  but  do  not  suggest  a  convenient,  mechanical 
means  of  accomplishing  this;  hence,  the  author  devised  the  ar- 
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rangement  shown  in  the  accompanying  figure  to  facilitate  the 
task. 

1  is  a  Selas  filtering  crucible  in  position  for  being  washed  by 
reverse  flow.  2  is  a  reservoir  for  the  wash  solution.  It  is  ar¬ 
ranged  to  fit  tightly  around  the  bottom  of  the  crucible  being 
washed  and  can  be  easily  and  quickly  transferred  from  one  cru¬ 
cible  to  another.  This  exchangeable  reservoir  was  prepared  from 
a  large  rubber  pipet  bulb  by  cutting  off  the  top  with  a  pair  of 
shears  and  making  a  hole  in  the  bottom  with  a  cork  borer.  This 
hole  must  be  of  such  size  that  the  bulb  can  be  slipped  over  the 
end  of  the  crucible  and  will  fit  snugly  enough  to  retain  the  wash 
liquid.  Used  bulbs,  deteriorated  at  the  point  where  they  were 
stretched  over  glass  tubing,  may  be  utilized  for  such  reservoirs,  in 
keeping  with  the  rubber  economy  program.  A  short  length  of 
Gooch  rubber  tubing  would  serve  as  a  satisfactory  substitute  for 
such  a  bulb. 

3,  prepared  from  a  No.  9  rubber  stopper,  holds  the  crucible 
safely  in  position  for  the  effective  application  of  suction.  A 
circular  groove  in  the  top  of  the  stopper  accommodates  the 
upper  rim  of  the  inverted  crucible,  and  if  filled  with  water  before 
insertion  of  the  crucible,  it  provides  an  effective  seal  against 
entrance  of  air  when  suction  is  applied.  A  large  hole  in  the 
center  of  this  holder  permits  exit  of  the  wash  liquid  from  the 
crucible  into  the  suction  flask.  In  order  to  use  a  stopper  with  a 
top  larger  than  the  mouth  of  these  crucibles,  it  was  necessary  to 
reduce  and  taper  the  lower  part  to  fit  the  neck  of  the  suction 
flask.  Front  and  side  views  of  these  holders  are  shown  in  the 
lower  part  of  the  picture.  _  The  hole  in  the  center  of  the  stopper 
was  cut  with  a  cork  borer  in  the  usual  way;  the  groove  in  the  top 
was  made,  and  the  lower  part  reduced,  by  use  of  a  metal-cutting 
lathe. 

These  devices  used  in  combination  with  the  arrangement  shown 
for  holding  the  suction  flasks  and  trap  bottle  provide  a  con¬ 
venient  means  for  washing  Selas  crucibles  by  reverse  flow.  After 
a  crucible  is  washed  several  times  in  this  way,  it  is  placed  in  the 
ordinary  crucible  holder  shown  in  the  suction  flask  at  the  right  for 
washing  in  the  usual  direction. 
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A.S.T.M.  Holds  1944  Committee  Week 
in  Cincinnati,  February  28  to  March  4 

In  attendance  at  the  148  technical  committee  meetings  held  during 
the  1944  Committee  Week  in  Cincinnati,  February  28  through  March 
4,  were  745  technologists,  this  figure  being  almost  double  that  of  the 
previous  year,  but  the  registration  figure  varies,  depending  on  number 
of  standing  committees  which  participate  in  the  group  meetings. 

Decision  by  the  A.S.T.M.  Executive  Committee  to  issue  its  widely 
used  Book  of  Standards  in  1944  instead  of  1945,  the  normal  triennial 
year,  led  many  of  the  committees  to  meet  this  year  in  March  to  get 
their  specifications  and  other  work  as  up  to  date  as  possible.  Deci¬ 
sion  to  advance  the  Book  of  Standards'  publication  by  one  year  is 
caused  by  the  unprecedented  demand  for  the  publication. 

A  number  of  major  A.S.T.M.  committees  also  held  meetings  im¬ 
mediately  prior  to  or  subsequent  to  Committee  Week. 

There  are  constantly  increasing  recognition  and  use  of  A.S.T.M. 
purchase  specifications,  methods  of  tests,  and  related  standards. 
This  is  indicated  by  the  demands  for  publications,  the  request  from 
industry  and  government  that  technical  committees  extend  their 
■work  into  fields  not  covered,  and  also  the  organization  of  new  com¬ 
mittees,  such  as  those  on  Adhesives,  Metal  Powders,  and  Aromatic 
Hydrocarbons. 

The  following  main  A.S.T.M.  standing  committees,  except  as 
noted,  met  in  Cincinnati  (usually  there  were  numerous  subcommittees 
and  section  meetings  also) : 


NEW  EQUIPMENT 


Instrument  for  Measuring  Small  Particles 

The  Fisher  sub-sieve  sizer,  for  measuring  the  size  of  particles  too 
small  to  be  measured  by  sieves,  is  based  on  the  apparatus  described 
by  Gooden  and  Smith  [Ind.  Eng.  Chem.,  Anal.  Ed.,  12,  479  (1940)] 
and  is  made  by  Eimer  &  Amend,  635  Greenwich  St.,  New  York,  N.  Y. 
Operation  has  been  simplified  and  a  calculator  chart  provided  to  make 
operation  easy.  The  instrument  consists  of  an  air  pump,  air-pressure 
regulating  device,  precision  bore  sample  tube,  double  range  flow¬ 
meter,  calculator  chart,  and  accessory  equipment. 

In  operation,  the  motor-driven  air  pump  builds  up  pressure  in  the 
pressure  regulator  to  a  constant  head,  so  that  a  uniform  flow  of  dry 
air  passes  through  the  packed  powder  sample  and  is  measured  by 
means  of  a  double  range  flowmeter.  The  liquid  level  in  the  manom¬ 
eter  varies  with  the  air  flow,  depending  on  the  resistance  (particle 
size)  of  the  particular  sample.  The  average  particle  size  of  the 
sample  in  microns  is  read  directly  from  the  chart  as  indicated  by  the 
level  of  the  fluid  in  the  manometer.  The  range  of  the  instrument 
is  from  0.2  to  50  microns. 


Capacitor  for 
Electron 
Microscope 

A  0.01-mfd.  40,000-volt 
direct  current  capacitor  has 
been  built  for  a  special  ap¬ 
plication  of  the  electron  mi¬ 
croscope.  It  is  capable  of 
continuous  operation  at 
80°  C.  and  of  withstanding 
total  submersion  and  heavy 
surges.  The  case  is  welded 
steel  measuring  4u/i6  X 
53/(  X  7  inches  high  with  a 
standoff  insulator  8.5  inches 
high,  soldered  directly  to  the 
case,  thus  eliminating  the 
possibility  of  oil  leakage  or 
the  entrance  of  moisture. 
It  is  manufactured  by  the 
Industrial  Specialty  Co., 
1725  West  North  Ave., 
Chicago  22,  Ill. 


Lead  Standard 

The  American  Standards  Association  has  announced  approval  of ; 
new  standard,  Allowable  Concentration  of  Lead  and  Certain  In 
organic  Compounds  (Z37. 11-1943),  which  sets  safe  limits  for  th- 
amount  of  metallic  lead,  lead  carbonate,  lead  sulfate,  lead  oxides 
lead  nitrate,  and  lead  chloride  allowable  in  the  air  of  industria 
workshops.  It  covers  the  physical  and  chemical  properties  of  thi 
substance,  summarizes  methods  of  test,  and  includes  a  comprehensivi 
bibliography. 

\  Copies  may  be  obtained  from  the  American  Standards  Association 
29  West  39th  St.,  New  York  18,  N.  Y.,  at  20  cents  each. 


BOOK  REVIEWS 

- - - - - - - — - - 


Semimicro  Quantitative  Organic  Analysis.  E.  P.  Clark.  1st  ed. 

135  pages.  Academic  Press,  Inc.,  125  East  23rd  St.,  New  York, 

N.Y.,  1943.  Price,  *2.50. 

The  book  was  written  for  the  purpose  of  providing  laboratories, 
l.vhich  are  not  equipped  for  precision  microanalysis,  with  directions  for 
malysis  on  a  semimicro  scale  with  samples  ranging  from  10  to  25  mg. 
|[t  is  excellent  in  this  respect  and  fills  a  great  need.  However,  the 
oook  fails  to  give  a  reasonable  number  of  alternative  methods  or 
pven  a  bibliography  of  such,  and  includes  very  few  references  to  the 
iterature  dealing  with  the  methods  recommended.  The  author  tries 
,o  justify  this  condition  by  stating  in  the  preface  that  he  did  not 
jittempt  “to  compile  a  reference  book  but  rather  to  present  in  as 
brief  a  manner  as  possible  simple  working,  well  tested  methods, 
which  can  be  followed  to  a  successful  conclusion”.  Procedures  are 
iescribed  which  make  use  of  microchemical  apparatus,  but  it  is  un¬ 
fortunate  that  the  author,  in  his  setups,  has  ignored  the  specifications 
>f  the  American  Chemical  Society  Committee  on  Standardization 
>f  Microchemical  Apparatus,  since  all  large  glass  blowers  and  scien- 
,ific  houses  now  have  these.  In  many  cases  the  apparatus  described 
jractically  meets  the  specifications  but  they  should  have  been  com¬ 
plied  with  throughout.  The  reader  will  do  well  to  use  standard  parts 
or  all  setups,  except  for  the  semimicroazotometer,  which  is  much 
arger. 

The  book  is  divided  into  13  chapters.  Unfortunately,  determina¬ 
tions  of  ash  and  metals  have  not  been  included. 

Chapter  I.  Introduction.  The  use  of  a  semimicrobalance  is 
recommended  and  a  table  is  included  showing  the  relationship  be- 
,ween  the  precision  of  a  balance  and  the  practical  size  of  a  sample 
,o  be  weighed.  At  the  top  of  page  3  the  essential  difference  between 
precision  and  sensitivity  does  not  seem  to  be  appreciated.  Tem¬ 
perature  effects,  lighting  arrangements,  care  of  the  balance,  calibra¬ 
tion  of  the  weights,  and  weighing  are  discussed,  with  directions  for 
naking  various  standard  volumetric  solutions  for  semimicro  work. 
’Filtering  and  drying  apparatus  are  described  and  there  are  direc¬ 
tions  for  determination  of  melting  and  boiling  points.  Some  space 
s  devoted  to  calculation  of  empirical  formulas  from  analytical  data. 

Chapter  II.  Determination  of  Carbon  and  Hydrogen.  The 
procedure  is  essentially  the  Pregl  setup  using  micro-sized  equipment. 
Lead  chromate  has  been  omitted  from  the  standard  tube  filling  and  a 
preheater  is  employed.  Approximately  10-mg.  samples  are  burned 
n  an  atmosphere  of  oxygen  at  a  temperature  of  about  550°  C.  for  all 
jamples.  Persons  using  this  book  as  a  guide  for  their  carbon- 
pydrogen  determinations  will  do  well  to  increase  the  temperature  of 
heir  furnaces  to  about  680°  C.,  as  550°  C.  is  much  too  low  for  many 
classes  of  compounds.  The  author  does  not  recommend  a  second 
combustion,  which  is  also  a  rather  dangerous  procedure  since  many 
compounds  have  a  tendency  to  sublime  back;  the  author  attempts 
bo  prevent  this  by  the  use  of  a  platinum  baffle.  The  specifications 
or  the  preheater,  bubble  counter,  combustion  tubes,  absorption 
rubes,  and  Mariotte  flask  are  not  standard. 

Chapter  III.  Determination  of  Nitrogen  by  the  Kjeldahl 
Method.  The  author  greatly  favors  the  Kjeldahl  method  over  the 
Dumas  for  practically  all  types  of  compounds,  stating  that  only  in 
1  ;he  case  of  certain  semicarbazones  is  the  method  not  applicable. 
Included  in  his  discussion  is  the  Friedrich  method  for  handling  com¬ 
pounds  containing  N-N,  NO,  and  NO2.  Diagrams  for  constructing 
in  electric  digester  and  the  Parnass- Wagner  electrically  heated  dis- 
illation  apparatus  are  included. 

Chapter  IV.  Dumas  Method  for  Determination  of  Nitrogen. 
V  semimicro  setup  is  described  which  uses  microcombustion  tubes, 
ind  an  azotometer  of  5-ec.  capacity  constructed  from  a  microburet. 
There  is  no  three-way  stopcock  or  other  form  of  regulator  between 
he  combustion  tube  and  the  azotometer.  Several  carbon  dioxide 
generators  are  described  which  give  a  good  grade  of  gas.  The  author 
suggests  that  combustions  here  be  done  at  a  “dull  red  heat”  and 
nerely  employs  one  combustion.  It  would  be  far  better  to  use  a 
temperature  of  about  650°  to  680°  C.  and  give  the  tube  a  second 
combustion  following  the  procedure  of  Pregl. 

Chapter  V.  Determination  of  Halogens.  The  ethanol- 
imine-sodium  method  is  presented  as  the  one  of  greatest  importance; 
otlowing  this  is  a  description  of  the  Carius  method  using  25-mg. 
samples  with  details  for  constructing  the  semimicro  Carius  furnace. 
Vext  is  a  description  of  the  sodium  peroxide  fusion  method,  giving 


details  for  both  gravimetric  and  volumetric  procedures.  The  fusion 
mixture  described  on  page  58  should  not  be  prepared  and  kept  as 
suggested,  because  of  its  explosive  nature.  For  determination  of 
iodine  the  Liepert  volumetric  method  is  stressed,  and  finally  a  method 
for  displacing  aliphatic  iodine  with  bromine  followed  by  titration 
of  the  iodine  formed.  The  filter  tubes  are  not  standard.  The  cata¬ 
lytic  combustion  method  for  halogens  should  have  been  included. 

Chapter  VI.  Determination  of  Sulfur.  The  author  de¬ 
scribes  the  Carius  determination  using  25-mg.  samples  and  heating 
the  bomb  tubes  to  300°  C.  This  temperature  is  in  disagreement 
with  that  recommended  by  the  standard  texts  on  microchemistry, 
which  advise  keeping  the  temperature  below  270°  C.  because  of  the 
danger  of  fusion  of  barium  sulfate  in  the  glass.  The  analyst  will  do 
well  to  use  the  lower  temperatures.  The  method  described  for 
filtering  is  not  micro  in  nature  but  rather  macro,  since  it  suggests 
transferring  the  barium  sulfate  to  a  Gooch  crucible  with  the  aid  of  a 
stirring  rod.  The  reader  will  do  well  to  use  the  methods  generally 
employed  for  microdetermination  of  sulfur,  either  the  inverted  filter 
method  or  the  Neubauer  crucible.  As  in  the  chapter  on  halogens, 
the  catalytic  combustion  method  should  have  been  included. 

Chapter  VII.  Determination  of  Phosphorus.  The  alkali- 
nitrate  fusion  method  for  converting  organic  phosphorus  to  ortho¬ 
phosphate,  followed  by  conversion  of  phosphorus  to  phosphomolybdic 
anhydride  according  to  Woy’s  procedure,  is  given.  The  Kjeldahl 
and  sodium  peroxide  methods  are  mentioned  but  not  recommended, 
although  they  are  known  to  give  excellent  results. 

Chapter  VIII.  Determination  of  Methoxyl  and  Ethoxyl 
Groups.  A  semimicro  alkoxyl  apparatus  is  described  and  a  slightly 
modified  Viebock  and  Schwappach  volumetric  procedure  used.  The 
setup  is  certain  to  give  low  results  with  such  compounds  as  methyl 
esters,  which  split  off  methyl  alcohol  almost  immediately  upon  con¬ 
tact  with  the  hydriodic  acid,  unless  the  reaction  mixture  is  allowed  to 
stand  at  room  temperature  for  about  a  half  an  hour  before  heating 
of  the  hydriodic  acid  is  begun.  The  analyst  would  do  well  to  modify 
the  setup  to  include  a  reflux  condenser  between  the  boiling  flask  and 
the  trap,  while  the  latter  should  contain  sodium  thiosulfate  and  cad¬ 
mium  sulfate  in  place  of  water,  as  the  author  recommends.  Valuable 
information  is  given  regarding  the  preparation  of  acid  suitable  for 
the  determination,  as  even  the  so-called  reagent  grade  of  hydriodic 
acid  recommended  for  microanalysis  gives  tremendous  blanks. 

Chapter  IX.  Determination  of  Acetyl  Groups.  The  author 
recommends  hydrolysis  of  the  acetyl  compounds  with  ethanoiic  or 
A-butanolic  potassium  hydroxide  for  O-acetyl  or  A-acetyl  compounds 
respectively,  followed  by  acidification,  distillation,  and  titration  of 
the  liberated  acetic  acids.  This  method  was  chosen  in  preference  to 
the  very  excellent  one  of  hydrolysis  with  p-toluene  sulfonic  acid 
followed  by  vacuum  distillation  of  the  acetic  acid.  The  reader  will 
do  well  to  use  the  latter  method  of  Elek  and  Harte  or  at  least  read 
the  earlier  articles  by  Clark,  referred  to  in  the  footnotes,  before  trying 
his  method. 

Chapter  X.  Determination  of  the  Neutralization  Equiv¬ 
alent.  A  procedure  for  determining  the  neutralization  equivalent 
of  compounds  is  given,  together  with  some  valuable  suggestions  in 
the  so-called  notes. 

Chapter  XI.  Determination  of  Molecular  Weights.  The 
Signer  method  of  isothermal  distillation  and  the  Rast  method  of 
freezing  point  lowering  are  presented,  with  greater  emphasis  upon 
the  former  method.  The  author  describes  an  apparatus  for  use 
with  the  isothermal  distillation  method.  No  reference  is  made  to 
the  work  of  Niederl  and  his  collaborators  which  the  reader  will  do 
well  to  review. 

Chapter  XII.  Determination  of  Volatile  Fatty  Acids.  The 
author  describes  in  detail  a  method  for  qualitatively  and  quantita¬ 
tively  determining  volatile  fatty  acids  in  dilute  solutions,  chiefly 
based  on  his  own  work.  Examples  are  given  as  to  the  usefulness  of 
this  method.  The  earlier  papers  referred  to  in  the  footnotes  should 
be  read  before  attempting  this  work. 

Chapter  XIII.  Some  Useful  Tables.  There  are  included 
tables  of  gravimetric  factors,  barometer  corrections  for  temperature, 
atomic  and  molecular  formulas  and  some  of  their  multiples,  the 
carbon  and  hydrogen  percentages  and  molecular  weights  of  a  series 
of  CHO  compounds  from  Cu  to  C32  frequently  encountered  among 
natural  products  and  their  derivatives,  and  a  five-place  table  of 
logarithms  of  numbers  from  1  to  10,000.  A  rather  complete  index 
follows  at  the  end. 
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INDUSTRIAL  AND  EN 

Laboratory  Manual  of  Spot  Tests.  Fritz  Feigl.  Translated  from 

German  manuscript  by  Ralph  E.  Oesper.  276  pages.  Academic 

Press,  Inc.,  125  East  23rd  St.,  New  York  10,  N.  Y  1943  Price 

$3.90. 

This  book  was  consciously  designed  by  its  author  for  the  teaching 
of  advanced  chemistry  in  general,  and  of  spot-test  analysis  in  par¬ 
ticular.  The  reviewer  deliberately  lists  advanced  chemistry  as  the 
subject  of  primary  pedagogical  interest,  despite  the  book’s  title. 
Thus  are  marked  two  departures  for  Professor  Feigl:  whereas  his 
former  works  were  monographs  for  the  laboratory  worker  in  the  spe¬ 
cialized  field  of  spot  analysis,  this  volume  is  intended  primarily  for 
the  student  who  is  learning,  not  spot  testing  or  even  analysis,  but  ad¬ 
vanced  chemistry  in  general. 

This  is  an  interesting  idea.  The  author’s  argument  points  out  that 
college  courses  in  classical  qualitative  analysis  are  offered  not  so  much 
for  the  purpose  of  producing  chemical  analysts,  but  as  a  framework, 
interesting  and  useful  in  itself,  on  which  to  hang  much  of  the  body  of 
fact  and  theory  that  constitutes  the  essentials  of  chemical  science. 
The  argument  submits  simply  that  spot  testing  itself  is  sufficiently 
broad  in  its  foundations,  and  tortuous  in  its  ramifications  into  the 
bases  of  chemistry,  to  justify  its  use  as  a  similar  framework.  The 
reviewer  is  not  a  teacher,  and  must  leave  to  teachers  the  authorita¬ 
tive  judgment  on  the  validity  of  this  argument;  but  he  hopes  that 
leigl  s  unique  idea,  and  this  excellent  book  that  is  its  medium,  will 
be  accorded  their  sympathetic  attention.  “Extremely  important 
teaching  goals  ,  the  author  writes,  “are:  the  closest  possible  corre¬ 
lation  between  handiwork  (sic)  and  knowledge;  the  development  of  a 
critical  sense;  the  acquisition  of  the  ability  to  discern  the  relations 
of  individual  observations  and  findings  to  each  other.”  If  this  book 
facilitates  the  achievement  of  these  goals,  its  worth  will  have  been 
demonstrated. 

The  reviewer  need  add  nothing  to  the  author’s  summary  of  the 
book’s  contents: 

The  Manual  opens  with  a  general  discussion  of  the  theoretical  foun¬ 
dations  of  the  subject.  Then  follows  a  chapter  on  the  technique  of 
spot  testing,  including  a  description  of  the  necessary  equipment. 
Next  comes  a  chapter,  in  six  parts,  giving  an  extended  treatment  of 
surface  and  capillary  effects,  which  are  of  such  great  importance  in 
spot  reactions.  Appropriate  instructive  experiments  are  described. 
The  following  chapter  deals  with  spot  reactions  designed  to  detect  or 
identify  inorganic  materials.  .  .  .  The  next  chapter,  on  Qualitative 
Organic  Spot  Analyses,  consists  of  three  parts:  detection  of  certain 
elements  in  organic  compounds,  detection  of  certain  characteristic 
groups  of  atoms,  detection  of  certain  compounds.  This  arrange¬ 
ment  accords  best  with  the  fundamentally  different  -types  of  prob¬ 
lems  encountered  in  qualitative  organic  analysis.  The  three  suc¬ 
ceeding  chapters  deal  respectively  with  the  practical  application  of 
spot  reactions  to  the  testing  of  rocks  and  minerals,  industrial  mate¬ 
rials,  biological  substances.  Numerous  practical  examples  are  given 
m  each  of  these  chapters.  The  Manual  closes  with  a  chapter  on 
Quantitative  Determinations  by  Means  of  Spot  Colorimetry. 

Much  of  the  material  in  this  book  will  of  course  be  found,  differ¬ 
ently  presented,  in  the  author’s  previously  publishei  “Spot  Tests”; 
but  there  is  a  considerable  amount  of  new  material,  too.  The  reviewer 
is  particularly  pleased  to  see  the  inclusion  of  the  three  chapters  on 
the  practical  testing  of  rocks  and  minerals,  industrial  materials,  and 
biological  substances. 

The  book  has  an  attractive  appearance.  No  typographical  errors 
were  noticed. 

Beverly  L.  Clarke 


Examination  of  Waters  and  Water  Supplies.  Ernest  Victor  Suckling. 

5th  ed.  849  pages.  Blakiston’s  Son  &  Co.,  Philadelphia,  Pa. 

Price,  $12.00. 

This  is  the  latest  edition  of  the  original  text  which  was  first  issued 
by  J.  C.  Thresh  in  1904  and  has  been  a  standard  textbook  on  water 
supplies  and  their  examination  since  that  time.  The  present  edition 
is  of  broader  scope  than  the  fourth,  published  in  1933,  and  contains 
valuable  information  on  water  treatment,  primarily  from  a  sanitary 
viewpoint. 

This  revised,  expanded,  and  modernized  text  is  divided  into  eight 
parts,  with  several  chapters  under  each  section.  The  arrangement 
and  selection  of  the  material  are  excellent  and,  like  the  former  edi¬ 
tions.  the  book  is  very  well  written.  The  subject  is  presented  largely 
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from  the  viewpoint  of  British  requirements,  but  the  author  has  r 
ferred  to  recent  practices  in  this  country  and  has  drawn  extensive 
from  articles  and  papers  in  technical  journals  and  similar  publicatioi 
in  the  L  nited  States.  These  references  have  been  selected  with  ca 
and  will  be  helpful  to  those  wishing  to  refer  to  the  origin  of  a  gre; 
deal  of  the  data  presented.  The  book  will  be  found  informative  i 
scientists  in  this  country  who  are  interested  in  certain  phases  . 
water-borne  diseases,  since  there  is  much  material  in  it  which  is  nc 
readily  available  in  American  texts. 

The  analytical  data  and  illustrations,  especially  those  relating  t 
microscopic  organisms,  have  been  very  well  prepared.  The  boo 
will  be  a  valuable  addition  to  any  sanitarian’s  library,  and  its  pui 
chase  is  especially  justified  as  a  reference  work. 

S.  T.  Powel 


Standard  Methods  for  Testing  Petroleum  and  Its  Products.  5t 

ed.  500  pages,  127  diagrams.  Institute  of  Petroleum,  London 

England,  and  American  Society  for  Testing  Materials,  260  Sout 

Broad  St.,  Philadelphia,  Pa.,  1944.  Price,  $3.00. 

This  new  edition  of  The  Institute  of  Petroleum’s  handbook  con 
tains  details  of  9/  methods  for  testing  petroleum  and  its  products. 

New  matter  includes  an  additional  method  for  determining  anilin, 
points  of  volatile  materials,  a  low-temperature  filtration  test  for  ga 
oil  and  Diesel  fuels,  the  Fraass  breaking  point  test  for  bitumen,  a  con 
gealing  point  test  for  waxes  for  which  the  setting  point  method  is  un 
suitable,  a  method  for  determining  the  water  tolerance  of  a  moto: 
fue’>  new  distillation  tests  for  crude  oil  and  residues,  a  method  foi 
estimating  the  salt  content  of  crude  oil,  and  the  use  of  the  Abel  flasl 
point  apparatus  for  viscous  petroleum  mixtures  and  of  the  N.G.A.A 
metal  pycnometer  for  determining  the  specific  gravity  of  liquefied 
gases.  A.S.T.M.  methods,  with  slight  modification,  have  been 
adopted  for  determining  the  tetraethyllead  content  of  motor  fuel  and 
the  residue  on  evaporation  of  kerosene  and  tractor  fuels. 

An  innovation  is  inclusion  of  methods  for  testing  bituminous  emul¬ 
sions  and  chemicals  derived  from  petroleum.  The  sampling  methods 
have  been  completely  revised,  and  major  alterations  have  been  made 
in  methods  for  acidity,  ash  content,  Ramsbottom  carbon  residue, 
cold  test  of  motor  fuels,  color  (Lovibond),  dielectric  strength,  doctor 
test,  drop  point,  free  acid  and  alkali  in  grease,  knock  rating,  oxidation 
of  lubricating  oils,  oxidation  (gum)  stability  of  motor  fuels,  penetra¬ 
tion,  sludging  value,  softening  point,  Reid  vapor  pressure,  and  kine¬ 
matic  viscosity. 

•Specifications  for  wartime  hydrometers  and  thermometers  are 
included,  and  the  Appendix  has  been  enlarged  by  the  addition  of  a 
standard  scheme  for  evaluating  crude  oils  and  a  vapor  pressure /tem¬ 
perature  nomograph  for  hydrocarbons. 


D. rectory  of  Textile  Testing  Laboratories 

The  Directory  of  Commercial  and  Educational  Textile  Testing 
Laboratories  is  being  released  by  the  Textile  Foundation  at  this 
time  when  test  methods  and  specification  requirements  are  all- 
important  to  manufacturers  and  consumers.  Laboratories  are  listed 
alphabetically ,  according  to  tests  which  they  are  equipped  to  per¬ 
form,  and  geographically,  in  a  20-page  pamphlet. 

The  foundation  is  particularly  anxious  to  make  available  a  com¬ 
plete  and  up-to-date  directory  and  would  welcome  the  names  of  tex¬ 
tile  testing  laboratories  not  listed,  as  well  as  suggestions  which  would 
make  a  revised  directory  of  greater  value.  Single  copies  are  sold  for 
25  cents,  5  for  $1.00,  by  the  Textile  Foundation,  Industrial  Building, 
National  Bureau  of  Standards,  Washington  25,  D.  C. 


Analysis  of  Coal  and  Coke 

The  American  Standards  Association  recently  announced  approval 
of  a  revision  of  the  Standards  Methods  of  Laboratory  Sampling  and 
Analysis  of  Coal  and  Coke  (K18. 1-1944),  the  work  of  Committee  D-5 
of  the  American  Society  for  Testing  Materials.  The  standard  has 
been  widely  used  since  it  was  adopted  in  1927,  and  has  been  revised 
several  times  previously.  It  may  be  obtained  for  25  cents  from  the 
American  Standards  Association,  29  West  39th  St.,  New  York  18, 
N.  Y. 
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Recommended  Specifications  for  Analytical  Reagent 

Chemicals 

Acid  Hydriodic  with  Preservative,  Acid  Perchloric,  Dimethylglyoxime, 
Lead  Subacetate  (for  Sugar  Analysis),  Manganese  Sulfate  Monohydrate, 
Mercuric  Oxide  Yellow,  Phosph  orus  Pentoxide,  Sodium  Phosphate 

Dibasic  Heptahydrate,  Zinc 


•DWARD  WICHERS,  A.  Q.  BUTLER,  W.  D.  COLLINS,  P.  H.  MESSINGER,  R.  A.  OSBORN,  JOSEPH  ROSIN,  AND  J.  F.  ROSS 

Committee  on  Analytical  Reagents,  AMERICAN  CHEMICAL  SOCIETY 


THE  specifications  given  below  comprise  the  thirteenth  group 
to  be  published  by  the  committee  since  1925,  and  the  first 
.0  supplement  and  amend  those  appearing  in  the  twelve  earlier 
mblications  {1-12),  which  were  contained  in  the  book,  “A.C.S. 
Analytical  Reagents”,  published  in  1941. 

The  specifications  are  intended  to  serve  for  reagents  to  be  used 
n  careful  analytical  work.  The  limits  and  tests  are  based  on 
jublished  work,  on  the  experience  of  members  of  the  committee 
n  the  examination  of  reagent  chemicals  on  the  market,  and  on 
tudies  of  the  tests  made  by  members  of  the  committee  as  the 
various  items  were  considered.  Suggestions  for  the  improvement 
>f  the  specifications  will  be  welcomed  by  the  committee. 

In  all  the  directions  the  acids  and  ammonium  hydroxide  re¬ 
erred  to  are  of  full  strength  unless  dilution  is  specified;  dilution 
ndicated  as  (1  +3)  means  1  volume  of  the  reagent  or  strong 
olution  with  3  volumes  of  water;  “water”  means  distilled  water 
>f  a  grade  suitable  for  the  test  described;  reagents  used  in  mak- 
ng  the  tests  are  supposed  to  be  of  the  grade  recommended  below 
>r  in  previous  publications  {1-12)  from  the  committee.  Direc- 
ions  for  the  preparation  of  the  ammonium  molybdate  solution 
.re  given  under  the  test  for  phosphate  in  ammonium  nitrate  (S). 
A  time  of  5  minutes  is  to  be  allowed  for  the  appearance  of  pre- 
ipitates  and  before  observation  of  color  reactions,  unless  some 
ther  time  is  specified. 

Blank  tests  must  be  made  on  water  and  all  reagents  used  in  the 
ests  unless  the  directions  provide  for  elimination  of  errors  due  to 
onpurities.  Solutions  of  samples  must  be  filtered  for  tests  in 
ihich  insoluble  matter  would  interfere. 

Acid,  Hydriodic,  with  Preservative 

Replacing  previously  published  specification  for  Acid,  Hy- 
riodic  {12). 

Note.  To  avoid  danger  of  explosions  this  acid  should  be  dis- 
illed  only  in  an  inert  atmosphere. 

Requirements 

Assay  (HI).  Not  less  than  47.0%. 

Chloride  and  Bromide  (as  Cl) .  N ot  more  than  0.1%. 
Sulfate  (S04).  Not  more  than  0.005%. 

Arsenic  (As).  Not  more  than  0.0005%. 

Preservative  (H3P02).  Not  more  than  1.5%. 

Heavy  Metals  (as  Pb).  Not  more  than  0.001%. 

Iron  (Fe).  Not  more  than  0.001%. 


Tests 

Assay.  Weigh  about  50  cc.  of  water  in  a  250-cc.  glass-stop¬ 
pered  flask;  add  0.7  cc.  of  the  acid  and  weigh  again.  Add  50  cc. 
of  0.1  A  silver  nitrate  solution,  and  shake  the  mixture  well.  Then 
add  5  cc.  of  nitric  acid  and  heat  the  mixture  on  the  steam  bath 
until  the  precipitate  has  acquired  a  bright  yellow  color.  Cool, 
and  titrate  the  residual  silver  nitrate  with  0.1  A  ammonium  thio¬ 
cyanate  solution,  using  ferric  ammonium  sulfate  as  the  indicator. 

Chloride  and  Bromide.  Dilute  1.2  cc.  to  100  cc.  and  take 
aliquots  of  1  cc.  and  5  cc.  To  the  1-cc.  aliquot  add  0.08  mg.  of 
chloride.  Dilute  each  aliquot  to  20  cc.,  add  1  cc.  of  ammonium 
hydroxide,  and  then  slowly,  with  vigorous  stirring,  add  2  cc.  of 
a  5%  solution  of  silver  nitrate.  Heat  to  boilingfor  5  minutes  and 
stir  thoroughly.  Cool,  shake  well,  and  filter.  To  the  filtrate  add 
nitric  acid  until  neutral  and  then  1  cc.  in  excess.  The  turbidity  in 
the  aliquot  of  5  cc.  should  not  be  greater  than  the  turbidity  in  the 
1-cc.  portion,  to  which  0.08  mg.  of  chloride  was  added. 

Sulfate.  Dilute  3  cc.  of  the  acid  with  45  cc.  of  water,  neu¬ 
tralize  with  ammonium  hydroxide,  and  add  1  cc.  of  hydrochloric 
acid.  Heat  to  boiling,  add  3  cc.  of  a  10%  solution  of  barium 
chloride,  and  allow  to  stand  overnight.  If  any  precipitate  is 
formed,  filter,  wash  thoroughly,  ignite,  and  weigh.  The  weight 
of  the  ignited  precipitate  should  not  be  more  than  0.0006  gram 
greater  than  the  weight  of  the  ignited  precipitate  from  a  blank 
made  with  the  quantities  of  reagents  used  in  the  test,  including 
filtration  and  ignition. 

Arsenic.  Dilute  0.4  gram  with  10  cc.  of  water,  add  1  cc.  of 
nitric  acid,  and  evaporate  on  the  steam  bath  to  expel  the  iodine. 
Determine  the  arsenic  in  the  residue  by  the  modified  Gutzeit 
method.  Any  stain  produced  should  not  exceed  that  produced 
by  0.002  mg.  of  arsenic. 

Preservative.  Weigh  about  2  cc.,  dilute  to  20  cc.,  add  15  cc. 
of  30%  hydrogen  peroxide,  and  allow  to  stand  for  15  minutes. 
Heat  the  solution  on  the  steam  bath  until  all  the  iodine  is  vola¬ 
tilized  and  the  solution  is  colorless.  Add  50  cc.  of  water,  1  gram 
of  ammonium  chloride,  and  15  cc.  of  magnesia  mixture  (5.5  grams 
of  magnesium  chloride,  7  grams  of  ammonium  chloride,  and  13 
cc.  of  ammonium  hydroxide  per  100  cc.  of  solution),  and  allow 
the  precipitate  to  settle  for  10  minutes.  Add  40  cc.  of  diluted 
ammonium  hydroxide  (2  +  3),  stir  for  10  minutes,  and  allow  to 
stand  at  room  temperature  for  4  hours.  Filter,  and  wash  the  pre¬ 
cipitate  well  with  diluted  ammonium  hydroxide  (1  +  19).  Dry 
the  residue  and  ignite  it  to  constant  weight.  The  weight  of 
H3PO2  calculated  from  the  weight  of  magnesium  pyrophosphate 
obtained  (factor  0.593)  should  not  be  more  than  1.5%  of  the 
weight  of  the  sample  taken  for  the  test. 

Heavy  Metals.  To  1.2  cc.  add  3  cc.  of  sulfuric  acid  and  heat 
to  volatilize  the  iodine.  Add  20  cc.  of  water,  neutralize  with  am¬ 
monium  hydroxide,  and  add  1  cc.  of  0.1  N  hydrochloric  acid. 
Dilute  the  solution  to  50  cc.  and  pass  hydrogen  sulfide  through 
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the  solution.  Any  brown  color  should  not  be  darker  than  is  pro¬ 
duced  by  0.02  mg.  of  lead  in  an  equal  volume  of  solution  contain¬ 
ing  the  quantities  of  reagents  used  in  the  test. 

Iron.  Make  the  solution  from  the  preceding  test  slightly  al¬ 
kaline  with  ammonium  hydroxide.  Any  green  color  should  not 
be  more  than  is  produced  by  0.02  mg.  of  iron  in  an  equal  volume 
of  solution  containing  the  quantities  of  reagents  used  in  the  test. 

Acid,  Perchloric 

Replacing  previously  published  specification  for  Acid,  Per¬ 
chloric  60%  (8). 

Requirements 

Assay.  Not  less  than  70%  HCIO4. 

Nonvolatile  Matter.  Not  more  than  0.005%. 

Chloride  (Cl).  Not  more  than  0.001%. 

Nitrogen  Compounds  (as  N).  Not  more  than  0.004%. 

Sulfate  (SO4).  Not  more  than  0.005%. 

Ammonia  (NH3).  Not  more  than  0.001%. 

Heavy  Metals.  To  pass  test  (limit  about  0.0005%  lead). 

Iron  (Fe).  Not  more  than  0.0002%. 

Tests 

Assay.  Titrate  a  weighed  portion  of  the  acid,  after  suitable 
dilution,  with  standard  alkali  hydroxide  solution,  using  phenol- 
phthalein  as  indicator. 

Nonvolatile  Matter.  Evaporate  10  cc.  of  the  acid  and  ig¬ 
nite  at  low  red  heat.  The  weight  of  the  residue  should  not  ex¬ 
ceed  0.0007  gram. 

Chloride.  Dilute  2  cc.  with  40  cc.  of  water,  add  3  cc.  of  nitric 
acid,  and  1  cc.  of  0. 1  N  silver  nitrate.  Any  turbidity  should  not 
be  greater  than  is  produced  by  0.03  mg.  of  chloride  ion  in  an 
equal  volume  of  solution  containing  the  quantities  of  reagents 
used  in  the  test. 

Nitrogen  Compounds.  Dilute  1  cc.  of  the  sample  in  a  flask 
with  10  cc.  of  ammonia-free  water,  add  10  cc.  of  10%  sodium  hy¬ 
droxide  solution,  and  about  0.5  gram  of  aluminum  wire  in  small 
pieces,  and  allow  to  stand  for  3  hours  protected  from  loss  or  ab¬ 
sorption  of  ammonia.  Dilute  to  50  cc.,  decant  from  any  insolu¬ 
ble  matter,  and  add  2  cc.  of  Nessler’s  reagent.  The  color  should 
not  be  greater  than  is  produced  by  0.06  mg.  of  nitrogen  as  NHj  in 
the  same  volume  of  a  solution  containing  the  quantities  of  so¬ 
dium  hydroxide  and  Nessler’s  reagent  used  in  the  test. 

Sulfate.  Dilute  10  cc.  of  the  acid  with  100  cc.  of  water  and 
neutralize  with  ammonium  hydroxide,  using  litmus  paper  as  in¬ 
dicator.  Add  0.5  cc.  of  dilute  hydrochloric  acid  (1  +  9)  and  5 
cc.  of  10%  barium  chloride  solution,  and  allow  to  stand  over¬ 
night.  Any  precipitate  of  barium  sulfate  should  not  weigh  more 
than  0.0020  gram.  Correction  should  be  made  for  the  weight  ob¬ 
tained  on  running  a  blank,  including  filtration,  using  the  quanti¬ 
ties  of  reagents  used  in  the  test.  Most  of  the  ammonia  should  be 
removed  by  evaporation,  so  that  only  a  small  quantity  of  acid 
will  be  required  for  neutralization  before  acidifying  for  the  pre¬ 
cipitation. 

Ammonia.  Dilute  2  cc.  of  the  sample  with  40  cc.  of  ammonia- 
free  water,  add  10  cc.  of  10%  sodium  hydroxide  solution  and  2  cc. 
of  Nessler’s  reagent.  Any  yellow  color  produced  should  not  be 
greater  than  is  given  by  0.03  mg.  of  ammonia  in  the  same  volume 
of  a  solution  containing  the  quantities  of  sodium  hydroxide  and 
Nessler’s  reagent  used  in  the  test. 

Heavy  Metals,  Iron.  Dilute  3  cc.  with  40  cc.  of  water,  add 
5  cc.  of  hydrogen  sulfide  water,  and  make  alkaline  with  am¬ 
monium  hydroxide.  No  brown  color  should  be  observed.  Any 
greenish  color  should  not  be  greater  than  is  produced  by  0.01  mg. 
of  iron  in  an  equal  volume  of  alkaline  sulfide  solution. 

Dimethylglyoxime 

Requirements 

Insoluble  in  Alcohol.  Not  more  than  0.05%. 

Residue  on  Ignition.  Not  more  than  0.05%. 

Suitability  for  Nickel  Determination.  To  pass  test. 

Tests 

Insoluble  in  Alcohol.  Gently  boil  2  grams  with  100  cc.  of 
ethyl  alcohol  under  a  reflux  condenser  until  no  more  dissolves. 
Filter  on  a  tared  filtering  crucible,  wash  with  50  cc.  of  alcohol,  and 
dry  at  105-110°  C.  The  weight  of  the  insoluble  residue  should 
not  exceed  0.0010  gram. 

Residue  on  Ignition.  Ignite  1  gram  at  a  temperature  just 
high  enough  to  burn  off  the  carbonaceous  matter.  Cool,  add  1 


drop  of  sulfuric  acid,  and  continue  the  ignition  at  dull  redness  f 
5  minutes.  The  weight  of  the  residue  should  not  exceed  0.00* 
gram. 

Suitability  for  Nickel  Determination.  Dissolve  l.i 
gram  of  nickel  ammonium  sulfate  hexahydrate  in  exactly  50  cc. 
water.  Dilute  20  cc.  of  this  solution  to  100  cc.,  heat  to  boilin 
and  add  a  solution  of  0.25  gram  of  the  dimethylglyoxime  in 
cc.  of  alcohol.  Add  diluted  ammonium  hydroxide  (1  +  4),  dr 
by  drop,  to  alkaline  reaction,  cool,  and  filter.  Add  to  the  filtra 
1  cc.  of  the  nickel  ammonium  sulfate  solution  and  heat  to  boilir 
A  substantial  precipitate  of  nickel  dimethylglyoxime  should  a 
pear. 

Lead  Subacetate  (for  Sugar  Analysis) 

Replacing  specification  previously  published  (10). 

Requirements 

Basic  Lead  (PbO).  Not  less  than  33%. 

Insoluble  in  Acetic  Acid.  Not  more  than  0.05%. 

Insoluble  in  Water.  Not  more  than  2.0%. 

Moisture  (Loss  at  100°  C.).  Not  more  than  1.5%. 

Chloride  (Cl).  Not  more  than  0.005%. 

Nitrate  (NOa).  To  pass  test  (limit  about  0.003%). 

Substances  Not  Precipitated  by  Hydrogen  Sulfide.  N 
more  than  0.30%. 

Copper  (Cu).  Not  more  than  0.005%. 

Iron  (Fe).  Not  more  than  0.005%. 

Tests 

Basic  Lead.  Weigh  accurately  about  5  grams  and  dissol 
in  100  cc.  of  carbon  dioxide-free  water  in  a  500-cc.  volumet 
flask.  Add  50  cc.  of  normal  acetic  acid  and  100  cc.  of  a  carb 
dioxide-free  3%  solution  of  sodium  oxalate.  Mix  thorough 
dilute  to  volume  with  carbon  dioxide-free  water,  and  allow  1 
precipitate  to  settle.  Titrate  100  cc.  of  the  clear  supemats 
liquid  with  normal  sodium  hydroxide,  using  phenolphthalein 
dicator.  Each  cubic  centimeter  of  normal  acetic  acid  consum 
is  equivalent  to  0.1116  gram  of  PbO. 

Insoluble  in  Acetic  Acid.  Dissolve  5  grams  in  100  cc. 
water  and  5  cc.  of  acetic  acid,  wanning  if  necessary  to  compli 
solution.  If  an  insoluble  residue  remains,  filter  and  wash  ur 
the  washings  are  no  longer  darkened  by  hydrogen  sulfide.  E 
at  105-110°  C.  The  weight  of  the  residue  should  not  exct 
0.0025  gram. 

Insoluble  in  Water.  Agitate  1  gram  in  a  small  stoppei 
flask  wdth  50  cc.  of  carbon  dioxide-free  water  and  filter  at  on 
Wash  with  carbon  dioxide-free  water  and  dry  at  105-110° 
The  weight  of  the  residue  should  not  exceed  0.0200  gram. 

Moisture.  Weigh  accurately  about  0.5  gram  and  dry  foi 
hours  at  105-110°  C.  Cool  and  reweigh.  The  loss  in  weif 
should  not  exceed  1.5%. 

Chloride.  Dissolve  1  gram  in  50  cc.  of  water  and  add  1  cc. 
nitric  acid  and  1  cc.  of  0.1  N  silver  nitrate.  Any  turbidity  shot 
not  be  greater  than  is  produced  by  0.05  mg.  of  chloride  in 
equal  volume  of  solution  containing  the  quantities  of  reagei 
used  in  the  test. 

Nitrate.  Dissolve  1  gram  in  9  cc.  of  water  containing  5  mg. 
sodium  chloride.  Add  0.7  cc.  of  acetic  acid,  0.2  cc.  of  indi 
carmine  solution  (1  to  1000),  and  10  cc.  of  sulfuric  acid.  S 
thoroughly  and  allow  to  stand  for  10  minutes.  The  blue  color 
the  clear  solution  should  not  be  completely  discharged. 

Solution  A.  Dissolve  5  grams  in  42  cc.  of  water  and  3  cc. 
acetic  acid,  and  add  5  cc.  of  sulfuric  acid.  After  standing 
about  10  minutes,  filter  the  solution. 

Substances  Not  Precipitated  by  Hydrogen  Sulfii 
Dilute  10  cc.  of  solution  A  to  100  cc.,  pass  hydrogen  sulfi 
through  the  solution  to  precipitate  all  the  lead,  and  filt 
Evaporate  50  cc.  of  the  filtrate  to  dryness  and  ignite  gent 
The  weight  of  the  residue  should  not  exceed  0.0015  gram. 

Copper.  To  25  cc.  of  solution  A  add  about  0.05  gram 
aluminum  chloride  and  a  few  crystals  of  ammonium  persulfa 
Neutralize  with  ammonium  hydroxide  and  add  a  very  slig 
excess.  Heat  to  boiling,  cool,  and  filter.  Save  the  precipitate  ' 
the  determination  of  iron.  Neutralize  the  filtrate  to  phenolphth 
ein,  add  0.25  cc.  of  acetic  acid  in  excess  and  0.25  cc.  of  a  fresl 
prepared  10%  solution  of  potassium  ferrocyanide.  Any  pi 
color  produced  should  not  exceed  that  produced  by  0.125  n 
of  copper  in  an  equal  volume  of  solution  containing  the  quantit 
of  reagents  used  in  the  test. 

Iron.  Wash  the  precipitate  of  iron  and  aluminum  hydroxk 
obtained  in  the  previous  test  sufficiently  to  remove  most  of  t 
acetate.  Dissolve  the  precipitate  in  10  cc.  of  hot  dilute  hyd: 
chloric  acid  (1  +  5),  wash  the  paper  and  dilute  to  50  cc.  Dili 
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cc.  of  this  solution  to  45  cc.  and  add  a  few  crystals  of  am- 
nium  persulfate,  3  cc.  of  hydrochloric  acid,  and  3  cc.  of  a  30% 
ition  of  ammonium  thiocyanate.  The  color  should  not  be 
re  than  is  produced  by  0.05  mg.  of  ferric  iron  in  45  cc.  of  water 
tvhich  are  added  3  cc.  of  hydrochloric  acid  and  3  cc.  of  a  30% 
ition  of  ammonium  thiocyanate. 

Manganese  Sulfate  Monohydrate 

teplacing  previously  published  specification  for  Manganese 
fate  {12). 

Requirements 

nsoluble  Matter.  Not  more  than  0.010%. 

Chloride  (Cl).  Not  more  than  0.005%. 

UBSTANCES  NOT  PRECIPITATED  BT  AMMONIUM  SuLFIDE.  Not 
re  than  0.50%. 

ron  (Fe).  Not  more  than  0.002%. 

Ieavy  Metals  (as  Pb).  To  pass  test  (limit  about  0.005%). 
,'ickel  (Ni).  Not  more  than  0  02%. 

INC  (Zn).  Not  more  than  0.01%. 

UBSTANCES  REDUCING  PERMANGANATE.  To  pass  test. 

Tests 

vsoluble  Matter.  Dissolve  10  grams  in  130  cc.  of  hot 
er,  and  heat  on  the  steam  bath  for  1  hour.  Filter  through  a 
■d  filtering  crucible,  wash  thoroughly,  and  dry  at  105- 
0  C.  The  weight  of  the  insoluble  residue  should  not  exceed 

110  gram. 

hloride.  Dissolve  1  gram  in  50  cc.  of  water,  add  1  cc.  of 
ic  acid  and  1  cc.  of  0.1  N  silver  nitrate.  Any  turbidity  should 
exceed  that  produced  by  0.05  mg.  of  chloride  in  an  equal 
une  of  solution  containing  the  quantities  of  reagents  used  in 

test. 

UBSTANCES  NOT  PRECIPITATED  BY  AMMONIUM  SULFIDE.  Dis- 
e  2  grams  in  about  90  cc.  of  water  and  add  a  sufficient  quantity 
freshly  prepared  solution  of  ammonium  sulfide  to  precipitate 
manganese.  Heat  on  the  steam  bath  for  30  minutes,  cool, 
te  to  100  cc.,  mix  thoroughly,  and  filter.  Evaporate  50  cc.  of 
filtrate  to  dryness  in  a  tared  dish,  ignite  gently,  and  weigh, 
weight  of  the  residue  should  not  exceed  0.0050  gram. 
ion.  Dissolve  1  gram  in  45  cc.  of  water,  and  add  2  cc.  of 
rochloric  acid,  a  few  crystals  of  ammonium  persulfate,  and  3 
>f  a  30%  solution  of  ammonium  thiocyanate.  Any  red  color 
lid  not  be  more  than  is  produced  by  0.02  mg.  of  iron  in  an 
d  volume  of  solution  containing  the  quantities  of  reagents 
l  in  the  test. 

eavy  Metals.  Solution  A.  Dissolve  1  gram  in  20  cc.  of 
*r  and  1  cc.  of  1  N  hydrochloric  acid.  Solution  B.  Dissolve 
am  in  10  cc.  of  water  and  1  cc.  of  1  N  hydrochloric  acid  and 
10  cc.  of  hydrogen  sulfide  water.  Solution  B  should  be  no 
:er  than  solution  A. 

ickel.  Dissolve  1  gram  in  200  cc.  of  water.  To  20  cc.  of  this 
tion  add  2  grams  of  sodium  acetate  and  10  cc.  of  hydrogen 
de  water,  and  allow  to  stand  1  minute.  Add  5  cc.  of  acetic 
.  Any  color  should  not  be  more  than  is  produced  by  0.02 
of  nickel  in  20  cc.  of  solution  containing  the  quantities  of 
ents  used  in  the  test. 

nc.  Dissolve  2  grams  in  50  cc.  of  water  containing  2  cc.  of 
iric  acid  and  add,  with  thorough  agitation,  1  cc.  of  a  1% 
tion  of  potassium  ferrocyanide.  No  turbidity  should  be  pro- 
■d  in  5  minutes. 

jbstances  Reducing  Permanganate.  Dissolve  7.5  grams 
30  cc.  of  water  containing  3  cc.  of  sulfuric  acid  and  3  cc.  of 
phoric  acid.  To  this  solution  add  0.1  cc.  of  0.1  N  potassium 
langanate  in  excess  of  the  amount  required  to  produce  a  pink 
r  *n  200  cc.  of  water  containing  3  cc.  of  sulfuric  acid  and  3  cc. 
hosphoric  acid.  The  pink  color  should  not  be  entirely  dis- 
ged  at  the  end  of  1  minute. 

Mercuric  Oxide,  Yellow 

Requirements 

soluble  in  Hydrochloric  Acid.  Not  more  than  0.030%. 
dnvolatile  Matter.  Not  more  than  0.050%. 
iloride  (Cl).  Not  more  than  0.025%. 
fLFATE  (S04).  Not  more  than  0.020%. 

>tal  Nitrogen  (N).  Not  more  than  0.005%. 
on  (Fe).  Not  more  than  0.003%. 

Tests 

soluble  in  Hydrochloric  Acid.  Dissolve  3  grams  in  30 
f  diluted  hydrochloric  acid  (1+3)  and  heat  on  the  steam 


bath  for  1  hour.  Filter  through  a  tared  filtering  crucible,  wash 
well  with  water,  and  dry  at  105-110°  C.  The  weight  of  the  in¬ 
soluble  residue  should  not  exceed  0.0009  gram. 

Nonvolatile  Matter.  Ignite  3  grams  in  a  tared  porcelain 
dish  in  a  well-ventilated  hood,  cool,  and  weigh.  The  weight  of 
the  residue  should  not  exceed  0.0015  gram.  Save  the  residue  for 
the  determination  of  iron. 

Chloride.  Dissolve  1  gram  in  50  cc.  of  water  and  1  cc.  of 
formic  acid.  Add,  dropwise,  a  10%  solution  of  sodium  hydroxide 
until  a  small  amount  of  permanent  precipitate  is  formed.  Digest 
under  a  reflux  condenser  until  all  the  mercury  is  reduced  to  metal 
and  the  solution  is  clear.  Cool,  filter  through  a  paper  that  has 
been  washed  free  of  chlorides,  and  dilute  to  100  cc.  Dilute  20  cc. 
of  this  solution  to  a  total  volume  of  50  cc.  containing  1  cc.  of 
nitric  acid  and  1  cc.  of  0.1  N  silver  nitrate.  Any  turbidity  should 
not  be  more  than  that  in  an  equal  volume  of  solution  containing 
0.05  mg.  of  chloride  and  the  quantities  of  reagents  used  in  the  test. 

Solution  A.  Dissolve  5  grams  in  50  cc.  of  water  and  3  cc.  of 
formic  acid.  Digest  under  a  reflux  condenser  until  all  the  mercury 
is  reduced  to  metal  and  the  supernatant  liquid  is  clear.  Cool, 
filter  through  a  well-washed  paper,  and  dilute  to  100  cc. 

Sulfate.  To  10  cc.  of  solution  A  add  0.01  gram  of  sodium 
carbonate  and  evaporate  to  dryness.  Dissolve  the  residue  in  10 
cc.  of  water  and  add  1  cc.  of  1  A  hydrochloric  acid.  Filter  if 
necessary  and  add  1  cc.  of  a  10%  solution  of  barium  chloride. 
Any  turbidity  should  not  be  more  than  that  produced  in  a  solution 
containing  0.10  mg.  of  sulfate,  0.6  cc.  of  formic  acid,  and  0.01 
gram  of  sodium  carbonate  treated  in  the  same  way  as  the  solu¬ 
tion  of  the  sample. 

Total  Nitrogen.  Dilute  10  cc.  of  solution  A  to  55  cc.  in  a 
flask  suitable  for  an  ammonia  distillation,  add  15  cc.  of  a  10% 
solution  of  sodium  hydroxide  and  1  gram  of  aluminum  wire  or 
small  chips.  Connect  the  flask,  using  a  spray  trap,  to  a  con¬ 
denser,  the  tip  of  which  dips  below  the  surface  of  10  cc.  of  0.1  N 
hydrochloric  acid.  Distill  over  35  cc.,  and  add  5  cc.  of  a  10% 
solution  of  sodium  hydroxide  and  2  cc.  of  Nessler’s  solution.  Any 
color  produced  should  not  be  greater  than  that  produced  in  a 
solution  containing  0.025  mg.  of  ammonia  and  0.33  cc.  of  formic 
acid  treated  in  the  same  way  as  the  solution  of  the  sample. 

Iron.  Dissolve  the  residue  obtained  in  the  test  for  non¬ 
volatile  matter  by  warming  with  9  cc.  of  hydrochloric  acid  and  a 
few  drops  of  nitric  acid,  and  dilute  to  150  cc.  To  50  cc.  of  this 
solution  add  3  cc.  of  a  30%  solution  of  ammonium  thiocyanate. 
Any  red  color  should  not  be  greater  than  that  produced  by  0.03 
mg.  of  iron  in  an  equal  volume  of  solution  containing  the  quanti¬ 
ties  of  reagents  used  in  the  test. 

Phosphorus  Pentoxide 

Requirements 

Assay  (P2O5).  Not  less  than  97.0%. 

Insoluble  Matter.  Not  more  than  0.02%. 

Phosphorus  Trioxide  (P>03).  Not  more  than  0.02%. 

Ammonia  (NH3).  Not  more  than  0.01  %. 

Arsenic  (As).  Not  more  than  0.005%. 

Heavy  Metals  (as  lead).  To  pass  test  (limit  about  0.01%). 

Tests 

Assay.  Weigh  accurately  about  1.5  grams,  dissolve  in  100  cc. 
of  water,  evaporate  to  25  cc.,  and  dissolve  5  grams  of  sodium 
chloride  in  the  solution.  Cool  the  solution  to  15°  C.  and  titrate 
at  this  temperature  with  normal  sodium  hydroxide,  using  3  drops 
of  phenolphthalein  indicator  solution.  Each  cubic  centimeter  of 
normal  alkali  consumed  corresponds  to  0.03549  gram  of  Pj05. 

Insoluble  Matter.  Dissolve  5  grams  in  40  cc.  of  water  (the 
phosphorus  pentoxide  must  be  added  to  the  water  in  small  quanti¬ 
ties  to  prevent  excessive  heating  and  sputtering)  and  warm  if 
necessary  to  complete  solution.  Filter  through  a  tared  filtering 
crucible,  and  set  aside  the  filtrate  for  solution  A.  Wash  the  resi¬ 
due  well  with  water  and  dry  at  105-110°  C.  The  weight  of  the 
insoluble  residue  should  not  exceed  0.0010  gram. 

Solution  A.  Make  up  the  filtrate  from  the  test  for  insoluble 
matter  to  50  cc. 

Phosphorus  Trioxide.  To  30  cc.  of  solution  A  add  0.20  cc. 
of  0.1  N  potassium  permanganate  solution.  Heat  to  boiling  and 
allow  to  digest  on  the  steam  bath  for  10  minutes.  The  pink  color 
should  not  be  entirely  discharged. 

Ammonia.  Dilute  5  cc.  of  solution  A  to  40  cc.,  add  10  cc.  of  a 
10%  solution  of  sodium  hydroxide  and  2  cc.  of  Nessler’s  solution. 
The  color  should  not  be  more  than  is  produced  by  0.05  mg.  of 
ammonia  in  an  equal  volume  containing  the  quantities  of  reagents 
used  in  the  test. 

Arsenic.  Determine  the  arsenic  by  the  Gutzeit  procedure  in  1 
cc.  of  solution  A.  The  stain  should  not  be  greater  than  is  pro¬ 
duced  by  0.005  mg.  of  arsenic. 
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Heavy  Metals.  Dilute  5  ec.  of  solution  A  to  10  cc.  and  ex¬ 
actly  neutralize  with  ammonium  hydroxide,  using  3  drops  of 
phenolphthalein  solution  as  the  indicator.  Add  50  cc.  of  1  N 
sulfuric  acid,  5  cc.  of  hydrogen  s.ulfide  water,  and  dilute  to  100  cc. 
Any  brown  color  immediately  observed  should  not  be  more  than 
is  produced  by  0.05  mg.  of  lead  in  an  equal  volume  of  water  con¬ 
taining  5  cc.  of  hydrogen  sulfide  water. 

Sodium  Phosphate,  Dibasic,  Heptahydrate 
(Na2HP04.7H20) 

Replacing  specification  for  Sodium  Phosphate,  Dibasic  (Diso¬ 
dium  Hydrogen  Phosphate),  previously  published  (4). 

Requirements 

Insoluble  Matter.  Not  more  than  0.005%. 

Water  of  Crystallization.  43  to  50%. 

Neutrality.  To  pass  test. 

Chloride  (Cl).  Not  more  than0.001%. 

Nitrogen  Compounds  (as  N).  Not  more  than  0.001%. 

Sulfate  (S04).  Not  more  than  0.010%. 

Arsenic  (As).  Not  more  than  0.0005%. 

Heavy  Metals.  To  pass  test  (limit  about  0.001%  as  lead). 

Iron  (Fe).  Not  more  than  0.001%. 

Tests 

Insoluble  Matter.  Dissolve  10  grams  in  100  cc.  of  water, 
allow  to  stand  on  the  steam  bath  for  1  hour,  filter  through  a  tared 
filtering  crucible,  wash  well  with  water,  dry  at  105-110°  C., 
cool,  and  weigh.  The  weight  of  the  residue  should  not  exceed 
0.0005  gram. 

Water  of  Crystallization.  Weigh  accurately  about  1 
gram.  Dry  to  constant  weight  at  105-110°  C.  The  loss  in  weight 
should  be  from  43  to  50%. 

Neutrality.  Dissolve  3  grams  in  30  cc.  of  water  at  15°  C.  and 
add  3  drops  of  phenolphthalein  solution.  A  red  color  should  be 
produced  which  should  be  discharged  by  the  addition  of  0.8  cc.  of 
N  hydrochloric  acid.  Boil  the  solution  for  2  minutes,  cool  to 
15°  C.,  and  dilute  to  the  original  volume  with  cold  water.  The 
resulting  solution  should  show  no  pink  color. 

Chloride.  Dissolve  2  grams  in  20  cc.  of  water,  and  add  3  cc.  of 
nitric  acid  and  1  cc.  of  0.1  N  silver  nitrate.  Any  turbidity  should 
not  be  greater  than  is  produced  by  0.02  mg.  of  chloride  in  an 
equal  volume  of  solution  containing  the  quantities  of  reagent 
used  in  the  test. 

Nitrogen  Compounds.  Dissolve  2  grams  in  30  cc.  of  water, 
add  20  cc.  of  a  10%  solution  of  sodium  hydroxide  and  0.5  gram 
of  aluminum  wire  in  small  pieces,  and  allow  to  stand  for  3  hours 
protected  from  loss  or  access  of  ammonia.  Decant  25  cc.  and 
add  2  cc.  of  Nessler’s  solution.  The  color  should  not  be  more  than 
that  produced  in  a  similar  aliquot  of  a  complete  blank  to  which 
has  been  added  0.02  mg.  of  nitrogen. 

Sulfate.  Dissolve  10  grams  in  100  cc.  of  water,  add  7  cc.  of 
hydrochloric  acid,  and  heat  to  boiling.  Add  5  cc.  of  a  10%  solu¬ 
tion  of  barium  chloride,  heat  on  the  steam  bath  for  2  hours,  and 
allow  to  stand  overnight.  If  a  precipitate  forms,  filter,  wash, 
ignite,  and  weigh.  The  weight  of  the  ignited  precipitate  should 
not  be  more  than  0.0025  gram  in  excess  of  the  weight  obtained 
from  a  complete  blank  on  the  reagents  used,  including  filtration. 

Arsenic.  Determine  the  arsenic  in  a  2-gram  sample  by  the 
modified  Gutzeit  method.  The  stain  should  not  be  more  than  is 
produced  by  0.010  mg.  of  arsenic. 

Heavy  Metals.  Dissolve  5  grams  in  40  cc.  of  water  and 
exactly  neutralize  the  solution  with  1  N  sulfuric  acid,  using  3 
drops  of  1%  phenolphthalein  solution  as  indicator.  Add  15  cc.  of 
1  N  sulfuric  acid  and  5  cc.  of  hydrogen  sulfide  water,  and  dilute 
to  100  cc.  Any  brown  color  which  is  immediately  developed 
should  not  be  greater  than  that  produced  by  0.05  mg.  of  lead  in  an 
equal  volume  of  an  aqueous  solution  containing  5  cc.  of  hydrogen 
sulfide  water. 

Iron.  Dissolve  5  grams  in  100  cc.  of  water.  Dilute  20  cc.  of 
this  solution  to  40  cc.,  add  1  cc.  of  ammonium  hydroxide,  and  5 
cc.  of  hydrogen  sulfide  water.  Any  green  color  should  not  be 
greater  than  is  produced  by  0.01  mg.  of  iron  in  an  equal  volume 
of  solution  containing  the  quantities  of  reagents  used  in  the  test. 

Zinc 

Replacing  previously  published  specifications  for  Zinc,  Low  in 
Arsenic,  and  Zinc,  Low  in  Lead  and  Iron  ( 6 ). 

Requirements 

Arsenic  (As)  .  Not  more  than  0.00002  %. 

Iron  (Fe).  Not  more  than  0.01%. 

Lead  (Pb).  Not  more  than  0.01  %. 


Tests 

Arsenic.  Test  10  grams  by  the  modified  Gutzeit  method,  i 
ing  12  cc.  of  sulfuric  acid  or  20  cc.  of  hydrochloric  acid,  dilut 
with  about  70  cc.  of  water.  Any  stain  produced  should  not 
more  than  is  produced  by  0.002  mg.  of  arsenic,  allowance  bei 
made  for  the  blank. 

Solution  A.  Dissolve  2  grams  in  15  cc.  of  diluted  hydrochlo 
acid  (1  +  1).  When  solution  is  nearly  complete  add  1  cc. 
nitric  acid  and  heat  to  boiling,  or  until  any  residue  from  the  zi 
is  dissolved.  Cool  and  dilute  to  100  cc. 

Iron.  To  25  cc.  of  solution  A  add  2  cc.  of  hydrochloric  acid  a 
3  cc.  of  a  30%  solution  of  ammonium  thiocyanate,  and  dilute 
50  cc.  Any  red  color  should  not  be  more  than  is  produced 
0.05  mg.  of  iron  in  an  equal  volume  containing  the  quantities 
reagents  used  in  the  test. 

Lead.  Dilute  5  cc.  of  solution  A  to  20  cc.  and  add  ammonii 
hydroxide  until  a  small  amount  of  permanent  precipitate 
formed.  Carefully  add  nitric  acid  in  sufficient  amount  just 
dissolve  the  precipitate.  Pour  the  resulting  solution  into 
cc.  of  a  10%  solution  of  sodium  cyanide,  mix  thoroughly,  and  a 
0.20  cc.  of  a  10%  solution  of  sodium  sulfide.  Any  brown  co 
should  not  be  more  than  is  produced  by  0.01  mg.  of  lead  in 
equal  volume  containing  the  quantities  of  reagents  used  in  t 
test. 


Corrections  for  Published  Specifications 

Acetone  (2) 

Requirements 

Specific  Gravity  at  25°/2 5°  C.  Not  above  0.788. 

Methanol.  To  pass  test  (limit  about  0.1%). 

Test 

Methanol.  Dilute  5  cc.  with  water  to  100  cc.  To  5  cc.  of  ti 
solution  add  0.5  cc.  of  phosphoric  acid  and  2  cc.  of  a  3%  soluti 
of  potassium  permanganate  and  allow  to  stand  for  10  minut 
Add  1.5  cc.  of  a  10%  solution  of  oxalic  acid  and  allow  to  sta 
until  the  solution  is  colorless.  Add  5  cc.  of  diluted  sulfuric  at 
(1  +  3)  and  5  cc.  of  fuchsin-sulfurous  acid  solution.  No  blue 
violet  color  should  be  produced  in  10  minutes.  To  prepare  t 
fuchsin-sulfurous  acid  solution,  dissolve  0.2  gram  of  fuchsin 
120  cc.  of  hot  water,  cool,  add  20  cc.  of  a  10%  solution  of  sodii 
sulfite  and  2  cc.  of  hydrochloric  acid.  Dilute  the  solution  to  2 
cc.  and  allow  to  stand  until  it  is  nearly  colorless. 


Acid,  Citric  (5) 

Test 

Heavy  Metals.  In  the  second  sentence  change  7  cc.  of  ai 
monium  hydroxide  to  10  cc.  of  ammonium  hydroxide. 


Acid,  Oxalic  (7) 

Requirements 

Heavy  Metals.  To  pass  test  (limit  about  0.001%  as  lead) 

Iron  (Fe).  Not  more  than  0.0005%. 

Tests 

Nonvolatile.  Ignite  5  grams  in  a  porcelain  crucible  at 
low  red  heat  to  constant  weight.  The  weight  of  the  residue  shou 
not  exceed  0.0010  gram.  Save  the  residue. 

Heavy  Metals.  To  the  residue  from  the  test  for  nonvoiati 
matter  add  about  0.5  cc.  of  hydrochloric  acid  and  0.1  cc.  of  nitr 
acid,  and  evaporate  to  dryness.  Dissolve  the  residue  in  1  cc. 
0.1  N  hydrochloric  acid  and  dilute  to  10  cc.  Dilute  5  cc.  of  th 
solution  to  40  cc.  and  add  10  cc.  of  hydrogen  sulfide  water.  Ai 
brown  color  should  not  be  greater  than  is  produced  by  0.025  m 
of  lead  in  an  equal  volume  of  solution  containing  the  quantiti 
of  reagents  used  in  the  test. 

Iron.  Dilute  the  remaining  5  cc.  of  the  solution  of  the  no: 
volatile  residue  to  45  cc.,  and  add  2  cc.  of  hydrochloric  acid,  a  fe 
crystals  of  ammonium  persulfate,  and  3  cc.  of  a  30%  solution ' 
ammonium  thiocyanate.  Any  red  color  should  not  be  great 
than  is  produced  by  0.0125  mg.  of  ferric  iron  in  an  equal  volun 
of  solution  containing  the  quantities  of  reagents  used  in  the  tes 
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Acid,  Phosphoric  (4) 

Test 

[Trate.  Dilute  2  cc.  to  10  cc.  containing  5  mg.  of  sodium 
'ide.  Add  0.10  cc.  of  indigo  carmine  solution  (1  to  1000)  and 
3.  of  sulfuric  acid.  The  blue  color  should  not  be  completely 
rnrged  in  5  minutes. 

Aluminum  and  Potassium  Sulfate  (2) 

Requirement 

dium  (Na).  To  pass  test  (limit  about  0.02%). 

Test 

dium.  A  10%  solution  in  hot  water  tested  with  a  platinum 
in  a  colorless  flame  should  impart  no  pronounced  yellow  color 
e  flame. 

Ammonium  Oxalate  (7) 

Requirements 

savy  Metals.  To  pass  test  (limit  about  0.001%  as  lead). 
on  (Fe).  Not  more  than  0.0005%. 

Tests 

involatile.  Ignite  5  grams  in  a  porcelain  crucible  at  a  low 
ieat  to  constant  weight.  The  weight  of  the  residue  should 
xceed  0.0010  gram.  Save  the  residue. 

:avy  Metals.  To  the  residue  from  the  test  for  nonvolatile 
er  add  about  0.5  cc.  of  hydrochloric  acid  and  0.1  cc.  of  nitric 
and  evaporate  to  dryness.  Dissolve  the  residue  in  1  cc.  of 
r  hydrochloric  acid  and  dilute  to  10  cc.  Dilute  5  cc.  of  this 
ion  to  40  cc.  and  add  10  cc.  of  hydrogen  sulfide  water.  Any 
n  color  should  not  be  greater  than  is  produced  by  0.025  mg. 
,d  in  an  equal  volume  of  solution  containing  the  quantities  of 
nts  used  in  the  test. 

dn.  Dilute  the  remaining  5  cc.  of  the  solution  of  the  non- 
ile  residue  to  45  cc.,  and  add  2  cc.  of  hydrochloric  acid,  a  few 
als  of  ammonium  persulfate,  and  3  cc.  of  a  30%  solution  of 
onium  thiocyanate.  Any  red  color  should  not  be  greater 
is  produced  by  0.0125  mg.  of  ferric  iron  in  an  equal  volume 
ution  containing  the  quantities  of  reagents  used  in  the  test. 

Ammonium  Persulfate  (2) 

Requirement 

loride  and  Chlorate  (as  Cl).  Not  more  than  0.001  %. 

Test 

loride  and  Chlorate.  Mix  2  grams  with  2  grams  of 
m  carbonate  and  heat  until  no  more  gas  is  evolved.  Dis- 
the  residue  in  20  cc.  of  water,  neutralize  with  nitric  acid, 
m  excess  of  1  cc.,  and  add  1  cc.  of  a  0.1  N  silver  nitrate  solu- 
Any  turbidity  should  not  be  greater  than  that  produced 
02  mg.  of  chloride  in  an  equal  volume  of  solution  containing 
uantities  of  reagents  used  in  the  test. 

Barium  Carbonate  (3) 

Tests 

trate.  To  3  grams  in  23  cc.  of  water  containing  15  mg.  of 
m  chloride  add  7  cc.  of  acetic  acid.  To  10  cc.  of  this  solu- 
idd  0.20  cc.  of  indigo  carmine  (1  to  1000)  and  10  cc.  of  sul- 
acid.  Heat  on  the  steam  bath  for  1  hour  and  stir  the  precipi- 
choroughly  several  times.  The  blue  color  of  the  clear  solu- 
ihould  not  be  completely  discharged. 
rontium  and  Calcium  Salts.  Dissolve  3  grams  in  30  cc.  of 
■  and  4  to  5  cc.  of  hydrochloric  acid,  and  evaporate  to  dry- 
Powder  the  residue,  add  30  cc.  of  absolute  alcohol,  and 
to  stand  for  30  minutes  with  occasional  shaking.  Filter 
evaporate  20  cc.  of  the  filtrate  to  a  few  cubic  centimeters, 
ibout  1  cc.  of  diluted  sulfuric  acid  (1  +  9),  evaporate  to 
;ss,  ignite,  and  weigh.  The  weight  of  the  residue  should  not 
d  0.0060  gram. 

Barium  Chloride  (7) 

Test 

trate  and  Chlorate.  Dissolve  1  gram  in  10  cc.  of  water, 
idd  0.20  cc.  of  indigo  carmine  solution  (1  to  1000)  and  10  cc. 


of  sulfuric  acid.  Stir  constantly  during  the  addition  of  the  sul¬ 
furic  acid.  Heat  on  the  steam  bath  for  1  hour  and  stir  the  precipi¬ 
tate  thoroughly  several  times.  The  blue  color  of  the  clear  solu¬ 
tion  should  not  be  completely  discharged. 

Calcium  Carbonate  (7) 

Tests 

Sulfate.  The  weight  of  the  ignited  precipitate  should  not  ex¬ 
ceed  0.0024  gram. 

Magnesium  and  Alkali  Salts.  The  fourth  sentence  should 
read,  “To  125  cc.  of  the  filtrate  add  0.5  cc.  of  sulfuric  acid, 
evaporate  to  dryness,  ignite  at  700-750°  C.  for  30  minutes, 
and  weigh.” 

Calcium  Carbonate,  Low  in  Alkalies  (7) 

Tests 

Sulfate.  The  weight  of  the  ignited  precipitate  should  not 
exceed  0.0024  gram. 

Magnesium  and  Alkali  Salts.  The  fourth  sentence  should 
read,  “To  125  cc.  of  the  filtrate  add  0.5  cc.  of  sulfuric  acid, 
evaporate  to  dryness,  ignite  at  700-750°  C.  for  30  minutes,  and 
weigh.” 

Calcium  Chloride  (CaClj^HOz)  (7) 

Tests 

Nitrate.  Use  0.10  cc.  of  indigo  carmine  solution  (1  to  1000). 

Magnesium  and  Alkali  Salts.  The  fourth  sentence  should 
*  read,  “To  125  cc.  of  the  filtrate  add  0.5  cc.  of  sulfuric  acid, 
evaporate  to  dryness,  ignite  at  700-750°  C.  for  30  minutes,  and 
weigh.” 

Calcium  Chloride,  Anhydrous  (5) 

Test 

Magnesium  and  Alkali  Salts.  The  second  sentence  should 
read,  “To  100  cc.  of  the  filtrate  add  0.5  cc.  of  sulfuric  acid, 
evaporate  to  dryness,  and  ignite  at  700-750°  C.  for  30  minutes.” 

Carbon  Disulfide  (4) 

Note.  Carbon  disulfide  should  be  supplied  and  stored  in 
amber  glass  containers  and  protected  from  direct  sunlight. 

Chloroform  (72) 

Note.  This  reagent  normally  contains  about  0.75%  of 
alcohol  as  a  stabilizer. 

Cupric  Oxide,  Powdered  (6) 


Carbon  Compounds.  Ignite  0.6  gram  in  a  stream  of  carbon 
dioxide-free  air  and  pass  the  evolved  gases  into  20  cc.  of  diluted 
ammonium  hydroxide  (1  +  7),  add  2  cc.  of  a  10%  solution  of 
barium  chloride,  and  compare  immediately  with  the  standard. 
The  turbidity  should  not  be  greater  than  that  produced  by  2  cc. 
of  0.01  N  sodium  carbonate  in  an  equal  volume  containing  the 
quantities  of  reagents  used  in  the  test. 

Cuprous  Chloride  (7) 

Requirement 

Arsenic  (As).  Not  more  than  0.002%. 

Ether (6) 

Note.  Ether  conforming  to  this  specification  normally  con¬ 
tains  about  2%  of  alcohol  and  about  0.5%  of  water. 

Requirements 

Specific  Gravity  25°/25°  C.  0.712  to  0.714. 

Foreign  Odor.  To  pass  test. 

Test 

Foreign  Odor.  Allow  10  cc.  to  evaporate  spontaneously  to  a 
volume  of  about  1  cc.  in  a  dry  evaporating  dish:  no  fpreign  odor 
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should  be  perceptible.  Transfer  this  residue  to  a  piece  of  clean, 
odorless  absorbent  paper:  no  foreign  odor  should  be  perceptible 
when  the  last  traces  of  ether  evaporate  from  the  paper. 

Eth  ZT,  Absolute  (6) 

Requirement 

Foreign  Odor.  To  pass  test. 

Test 

Foreign  Odor.  Allow  10  cc.  to  evaporate  spontaneously  to  a 
volume  of  about  1  cc.  in  a  dry  evaporating  dish:  no  foreign  odor 
should  be  perceptible.  Transfer  this  residue  to  a  piece  of  clean, 
odorless  absorbent  paper:  no  foreign  odor  should  be  perceptible 
when  the  last  traces  of  ether  evaporate  from  the  paper. 

Ferric  Ammonium  Sullate  (2) 

Requirement 

Nitrate  (N03).  To  pass  test  (limit  about  0.01%). 

Test 

Nitrate.  Dissolve  2  grams  in  15  cc.  of  Water,  heat,  and  pour 
the  hot  solution  into  6  cc.  of  diluted  ammonium  hydroxide 
(1  +  1).  Filter  and  allow  to  drain  well;  to  the  filtrate  add  0.10 
cc.  of  indigo  carmine  solution  (1  to  1000)  and  15  cc.  of  sulfuric 
acid.  The  blue  color  should  not  be  completely  discharged  in  5 
minutes. 

Ferric  Chloride  (9) 

Requirement 

Sulfate  (S04).  Not  more  than  0.01%. 

Tests 

Nitrate.  To  15  cc.  of  solution  A,  add  0.10  cc.  of  indigo  car¬ 
mine  solution  (1  to  1000),  and  15  cc.  of  sulfuric  acid.  The  blue 
color  should  not  be  completely  discharged  in  5  minutes. 

Sulfate.  Concentrate  120  cc.  of  solution  A  to  75  cc.,  add  1  cc. 
of  hydrochloric  acid,  heat  to  boiling,  add  10  cc.  of  a  10%  solution 
of  barium  chloride,  and  allow  to  stand  overnight.  Filter,  wash 
thoroughly,  ignite,  and  weigh.  The  weight  of  the  ignited  pre¬ 
cipitate  should  not  exceed  the  weight  obtained  from  a  complete 
blank  by  more  than  0.0010  gram. 

Glycerol  (72) 

Requirement 

Assay.  Not  less  than  95%  by  volume. 

Use  above  title  in  place  of  “Specific  Gravity  at  25°/25°  C.”. 

Test 

Assay.  The  specific  gravity  at  25°/25°  C.  should  not  be  less 
than  1.249. 

Hydrogen  Peroxide  (77) 

Note.  This  reagent  should  be  stored  in  ceresin  or  ceresin- 
lined  containers. 

Lead  Acetate  (7) 

Tests 

Solution  A.  Dissolve  5  grams  in  42  cc.  of  water  and  3  cc.  of 
acetic  acid,  and  add  5  cc.  of  sulfuric  acid.  After  standing  for 
about  10  minutes,  filter  the  solution. 

Copper.  To  25  cc.  of  solution  A  add  about  0.05  gram  of 
aluminum  chloride  and  a  few  crystals  of  ammonium  persulfate. 
Neutralize  with  ammonium  hydroxide  and  add  a  very  slight  ex¬ 
cess.  Heat  to  boiling,  cool,  and  filter.  Save  the  precipitate  for 
the  determination  of  iron.  Neutralize  the  filtrate  to  phenol- 
phthalein.  Add  0.25  cc.  of  acetic  acid  and  0.25  cc.  of  a  freshly 
prepared  10%  solution  of  potassium  ferrocyanide.  Any  pink 
color  should  not  exceed  that  produced  by  0.125  mg.  of  copper  in 
an  equal  volume  of  solution  containing  the  quantities  of  reagents 
used  in  the  test. 

Iron.  Wash  the  precipitate  of  iron  and  aluminum  hydroxides 
obtained  in  the  previous  test  sufficiently  -to  remove  most  of  the 
acetate.  Dissolve  the  precipitate  in  10  cc.  of  hot  dilute  hydro¬ 


chloric  acid  (1  +  5),  wash  the  paper,  and  dilute  to  45  cc.  A 
a  few  crystals  of  ammonium  persulfate,  3  cc.  of  hydrochloric  ao 
and  3  cc.  of  a  30%  solution  of  ammonium  thiocyanate.  T 
color  should  not  be  more  than  is  produced  by  0.025  mg.  of  iron 
an  equal  volume  of  solution  containing  the  quantities  of  reagei 
used  in  the  test. 

Substances  Not  Precipitated  by  Hydrogen  Sulfii 
Dilute  20  cc.  of  solution  A  to  100  cc.,  pass  hydrogen  sulfi 
through  the  solution  to  precipitate  all  the  lead,  and  filt 
Evaporate  50  cc.  of  the  filtrate  to  dryness  and  ignite  gently.  T 
weight  of  the  residue  should  not  exceed  0.0005  gram. 

Lead  Dioxide  (3) 

Test 

Other  Hydrogen  Sulfide  Metals.  Dissolve  0.5  gram  ii 
cc.  of  nitric,  acid  and  10  cc.  of  3%  hydrogen  peroxide  solutir 
Add  5  cc.  of  sulfuric  acid  and  evaporate  to  fumes.  Caution 
dilute  to  40  cc.,  allow  to  stand  until  the  solution  is  cool  and  t 
precipitate  has  settled.  Filter,  do  not  wash,  add  10  cc.  of  s 
furous  acid,  and  boil  until  the  odor  of  sulfur  dioxide  disappea 
Cool,  dilute  to  50  cc.,  and  pass  hydrogen  sulfide  through  the  so 
tion.  No  red  color  should  be  produced,  and  any  darkeni 
should  not  be  more  than  is  produced  by  0.10  mg.  of  lead  in 
equal  volume  of  solution  containing  the  quantities  of  reagei 
used  in  the  test. 

Potassium  and  Sodium  Tartrate  (6) 

Requirement 

Ammonia  (NH3).  Not  more  than  0.005%. 


Ammonia.  Dissolve  1  gram  in  45  cc.  of  water,  add  2  cc.  o 
10%  solution  of  sodium  hydroxide  and  2  cc.  of  Nessler’s  solutii 
The  color  should  not  be  more  than  is  produced  by  0.05  mg. 
ammonia  in  an  equal  volume  containing  the  quantities  of  reagei 
used  in  the  test. 

Potassium  Bisulfate,  Fused  (9) 

Requirements 

Heavy  Metals.  To  pass  test  (limit  about  0.001%  as  lea 

Iron  (Fe).  Not  more  than  0.002%. 

Tests 

Solution  A.  Dissolve  5  grams  in  45  cc.  of  water,  add  5  cc. 
hydrochloric  acid,  and  boil  gently  for  10  minutes.  Cool  a 
restore  volume  to  50  cc. 

Heavy  Metals.  Neutralize  20  cc.  of  solution  A  to  phen 
phthalein  with  ammonium  hydroxide,  add  0.5  cc.  of  acetic  a< 
and  10  cc.  of  hydrogen  sulfide  water.  The  color  produced  shoi 
not  be  more  than  that  produced  by  0.02  mg.  of  lead  and  2  ce. 
hydrochloric  acid  in  20  cc.  of  solution  treated  in  the  same  way 
the  solution  of  the  sample. 

Iron.  Dilute  10  cc.  of  solution  A  to  50  cc.,  add  a  few  cryst 
of  ammonium  persulfate  and  3  cc.  of  a  30%  solution  of  a 
monium  thiocyanate.  The  color  produced  should  not  be 
than  that  produced  by  0.02  mg.  of  iron  and  1  cc.  of  hydrochlo 
acid  in  an  equal  volume  of  solution  containing  the  quantities 
reagents  used  in  the  test. 

Potassium  Chlorate  (3) 

Test 

Nitrogen.  Change  the  last  sentence  to,  “The  color  should  r 
be  more  than  that  produced  in  a  similar  aliquot  of  a  complf 
blank  to  which  has  been  added  0.02  mg.  of  nitrogen.” 

Potassium  Hydroxide  (7) 

Tests 

Potassium  Hydroxide  and  Carbonate.  Accurately  wei 
35  to  40  grams,  dissolve,  and  dilute  to  1  liter,  using  carb 
dioxide-free  water.  Use  a  50-cc.  aliquot  of  this  solution  for  t 
titration  instead  of  10  cc.  of  solution  A. 

Phosphate.  Neutralize  10  cc.  of  solution  A  with  nitric  a< 
and  dilute  to  50  cc.  Add  10  cc.  of  nitric  acid,  neutralize  wi 
ammonium  hydroxide  using  phenolphthalein  indicator,  and  a 
0.5  cc.  of  nitric  acid  in  excess.  Add  50  cc.  of  ammonium  moh 
date  solution,  shake  the  solution  (at  about  40°  C.)  for  5  minut 
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allow  to  stand  for  0.5  hour.  Any  precipitate  formed  should 
be  more  than  is  formed  when  0.10  mg.  of  phosphate  is  treated 
;he  above  procedure,  except  that  the  control  should  include 
residue  from  evaporation  of  the  quantity  of  nitric  acid  used  to 
;ralize  10  cc.  of  solution  A. 

iON.  Neutralize  25  cc.  of  solution  A  to  phenolphthalein  with 
rochloric  acid,  add  1  cc.  in  excess,  and  dilute  to  50  cc.  Add 
w  crystals  of  ammonium  persulfate  and  3  cc.  of  a  30%  solu- 
of  ammonium  thiocyanate.  The  red  color  should  not  ex- 
that  produced  by  0.10  mg.  of  iron  in  an  equal  volume  of 
tion  containing  the  quantities  of  reagents  used  in  the  test, 
control  should  contain  residue  from  evaporation  of  the  quan- 
of  hydrochloric  acid  used  to  neutralize  25  cc.  of  solution  A. 
eavy  Metals.  Neutralize  25  cc.  of  solution  A  to  phenol- 
lalein  with  hydrochloric  acid  and  add  a  slight  excess.  Ex- 
{  neutralize  with  ammonium  hydroxide,  add  0.5  cc.  of  acetic 
,  and  saturate  with  hydrogen  sulfide.  The  darkening  should 
exceed  that  produced  by  0.15  mg.  of  silver  in  an  equal  volume 
ilution  containing  the  quantities  of  reagents  used  in  the  test, 
standard  should  contain  residue  from  evaporation  of  the  quan- 
of  hydrochloric  acid  used  to  neutralize  25  cc.  of  solution  A. 

Potassium  Oxalate  (77) 

Requirement 

.on  (Fe).  Not  more  than  0.001%. 

Tests 

dution  A.  To  5  grams  in  a  150-cc.  beaker  add  5  cc.  of  sulfuric 
Heat  under  a  well-ventilated  hood  until  decomposition  is 
olete  and  heavy  fumes  of  sulfuric  acid  are  given  off.  Cool  and 
.e  to  100  cc. 

eavy  Metals.  Neutralize  10  cc.  of  solution  A  with  am- 
ium  hydroxide  to  the  end  point  of  phenolphthalein,  add  0.5 
if  acetic  acid,  and  dilute  to  25  cc.  Cool  and  add  10  cc.  of 
ogen  sulfide  water.  The  color  should  not  be  more  than  that 
uced  in  a  solution  of  the  same  volume  containing  0.5  cc.  of 
iric  acid  and  0.01  mg.  of  lead  neutralized  with  ammonium 
oxide  and  otherwise  treated  in  the  same  way. 
on.  To  20  cc.  of  solution  A  add  a  few  crystals  of  ammonium 
ilfate  and  3  cc.  of  a  30%  solution  of  ammonium  thiocyanate, 
dilute  to  50  cc.  The  color  should  not  be  more  than  that  pro- 
d  by  0.01  mg.  of  iron  and  1  cc.  of  sulfuric  acid  in  an  equal 
me  of  solution  containing  the  quantities  of  reagents  used 
e  test. 


Sodium  Bisulfate,  Fused  (NaHS04)  (5) 

Requirements 

savy  Metals.  To  pass  test  (limit  about  0.001%  as  lead). 
on  (Fe).  Not  more  than  0.002%. 

Tests 

lution  A.  Dissolve  5  grams  in  45  cc.  of  water,  add  5  cc.  of 
ochloric  acid,  and  boil  gently  for  10  minutes.  Cool  and 
re  volume  to  50  cc. 

davy  Metals.  Neutralize  20  cc.  of  solution  A  to  phenol- 
alein  with  ammonium  hydroxide,  add  0.5  cc.  of  acetic  acid 
10  cc.  of  hydrogen  sulfide  water.  The  color  produced  should 
je  more  than  that  produced  by  0.02  mg.  of  lead  and  2  cc.  of 
ochloric  acid  in  20  cc.  of  solution  treated  in  the  same  way  as 
olution  of  the  sample. 

on.  Dilute  10  cc.  of  solution  A  to  50  cc.,  add  a  few  crystals 
nmonium  persulfate  and  3  cc.  of  a  30%  solution  of  am- 
um  thiocyanate.  The  color  produced  should  not  be  more 
that  produced  by  0.02  mg.  of  iron  and  1  cc.  of  hydrochloric 
in  an  equal  volume  of  solution  containing  the  quantities  of 
snts  used  in  the  test. 

Sodium  Carbonate,  Anhydrous  (2) 

Test 

[loride.  The  first  sentence  should  read,  “Dissolve  1  gram 
cc.  of  warm  water,  add  2  cc.  of  nitric  acid,  cool,  and  add  1  cc. 
N  silver  nitrate  solution.” 

Sodium  Hydroxide  (7) 

Tests 

dium  Hydroxide  and  Carbonate.  Accurately  weigh  35 
grams,  dissolve,  and  dilute  to  1  liter,  using  carbon  dioxide- 


free  water.  Use  a  50-cc.  aliquot  of  this  solution  for  the  titration 
instead  of  10  cc.  of  solution  A. 

Phosphate.  Neutralize  10  cc.  of  solution  A  with  nitric  acid 
and  dilute  to  50  cc.  Add  10  cc.  of  nitric  acid,  neutralize  with 
ammonium  hydroxide,  using  phenolphthalein  indicator,  and  add 
0.5  cc.  of  nitric  acid  in  excess.  Add  50  cc.  of  ammonium  molyb¬ 
date  solution,  shake  the  solution  (at  about  40°  C.)  for  5  minutes, 
and  allow  to  stand  for  0.5  hour.  Any  precipitate  formed  should 
not  be  more  than  is  formed  when  0.10  mg.  of  phosphate  is  treated 
by  the  above  procedure,  except  that  the  control  should  include 
the  residue  from  evaporation  of  the  quantity  of  nitric  acid  used  to 
neutralize  10  cc.  of  solution  A. 

Iron.  Neutralize  25  cc.  of  solution  A  to  phenolphthalein  with 
hydrochloric  acid,  add  1  cc.  in  excess,  and  dilute  to  50  cc.  Add 
a  few  crystals  of  ammonium  persulfate  and  3  cc.  of  a  30%  solu¬ 
tion  of  ammonium  thiocyanate.  The  red  color  should  not  ex¬ 
ceed  that  produced  by  0.10  mg.  of  iron  in  an  equal  volume  of 
solution  containing  the  quantities  of  reagents  used  in  the  test. 
The  standard  should  contain  residue  from  evaporation  of  the  quan¬ 
tity  of  hydrochloric  acid  used  to  neutralize  25  cc.  of  solution  A. 

Heavy  Metals.  Neutralize  25  cc.  of  solution  A  to  phenol¬ 
phthalein  with  hydrochloric  acid  and  add  a  slight  excess.  Ex¬ 
actly  neutralize  with  ammonium  hydroxide,  add  0.5  cc.  of  acetic 
acid,  and  saturate  with  hydrogen  sulfide.  The  darkening  should 
not  exceed  that  produced  by  0.15  mg.  of  silver  in  an  equal  volume 
of  solution  containing  the  quantities  of  reagents  used  in  the  test. 
The  standard  should  contain  the  residue  from  evaporation  of  the 
quantity  of  hydrochloric  acid  used  to  neutralize  25  cc.  of  solu¬ 
tion  A. 


Sodium  Nitrate  (4) 

Requirement 

Calcium,  Magnesium,  and  Ammonium  Hydroxide  Precipi¬ 
tate.  Use  this  title  instead  of  present  title  of  “Calcium  and 
Magnesium  Precipitate”.  The  limit  remains  the  same. 

Test 

Calcium,  Magnesium,  and  Ammonium  Hydroxide  Precipi¬ 
tate.  The  second  sentence  should  read,  “If  any  precipitate  is 
formed,  filter,  wash  with  diluted  ammonium  hydroxide  (1  +  9), 
ignite,  and  weigh.” 


Sodium  Oxalate  (7) 

Requirements 

Neutrality.  To  pass  test  (limit  of  alkalinity  equivalent  to 
0.042%  Na2C03,  limit  of  acidity  equivalent  to  0.022%  of  Na- 
HC204). 

Heavy  Metals.  To  pass  test  (limit  about  0.002%  as  lead). 

Iron  (Fe).  Not  more  than  0.001%. 

Tests 

Solution  A.  To  5  grams  in  a  150-cc.  beaker  add  5  cc.  of  sul¬ 
furic  acid.  Heat  under  a  well-ventilated  hood  until  decomposition 
is  complete  and  heavy  fumes  of  sulfuric  acid  are  given  off.  Cool 
and  dilute  to  100  cc. 

Heavy  Metals.  Neutralize  10  cc.  of  solution  A  with  am¬ 
monium  hydroxide  to  the  end  point  of  phenolphthalein,  add  0.5 
cc.  of  acetic  acid,  and  dilute  to  25  cc.  Cool  and  add  10  cc.  of 
hydrogen  sulfide  water.  The  color  should  not  be  more  than  that 
produced  in  a  solution  of  the  same  volume  containing  0.5  cc.  of 
sulfuric  acid  and  0.01  mg.  of  lead  neutralized  with  ammonium 
hydroxide  and  otherwise  treated  in  the  same  way. 

Iron.  To  20  cc.  of  solution  A  add  a  few  crystals  of  am¬ 
monium  persulfate  and  3  cc.  of  a  30%  solution  of  ammonium 
thiocyanate,  and  dilute  to  50  cc.  The  color  should  not  be  more 
than  that  produced  by  0.01  mg.  of  iron  and  1  cc.  of  sulfuric  acid 
in  an  equal  volume  of  solution  containing  the  quantities  of  re¬ 
agents  used  in  the  test. 


Sodium  Peroxide  (4) 

Test 

Iron.  Dissolve  1  gram  in  10  cc.  of  water,  add  5  cc.  of  hydro¬ 
chloric  acid,  and  evaporate  to  dryness.  Treat  the  residue  with 
3  cc.  of  hydrochloric  acid,  dissolve  in  45  cc.  of  water,  add  a  few 
crystals  of  ammonium  persulfate,  and  3  cc.  of  a  30%  solution  of 
ammonium  thiocyanate.  The  color  should  not  be  greater  than 
that  produced  by  0.03  mg.  of  ferric  iron  in  an  equal  volume  of 
solution  containing  the  quantities  of  reagents  used  in  the  test. 
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Sodium  Sulfate,  Anhydrous  (2) 

Test 

Calcium,  Magnesium,  and  Ammonium  Hydroxide  Precipi¬ 
tate.  Second  sentence  should  read,  “Allow  to  stand  overnight.” 

Sodium  Sulfite,  Anhydrous  (7  7) 

Requirements 

Assay  .  Not  less  than  97  %  Na2S03 . 

Free  Alkali.  To  pass  test  (limit  of  alkalinity  equivalent  to 
0.15%  Na2C03). 

Test 

Free  Alkali.  The  last  sentence  should  read,  “Not  more 
than  0.3  cc.  of  0.1  N  acid  should  be  required  to  neutralize  the 
solution.” 

Sodium  Tungstate  (72) 

Test 

Alkalinity.  Dissolve  2  grams  in  50  cc.  of  cold  water  and  add 
2  drops  of  thymol  blue  indicator.  A  blue  color  should  be  pro¬ 
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duced  which  is  changed  to  a  yellow  color  by  the  addition  of 
more  than  0.4  cc.  of  0.1  N  acid. 


Specifications  Previously  Published 

(1)  Committee  on  Analytical  Reagents.  Ind.  Eng.  Chem.,  17 

'  (1925). 

(2)  Ibid.,  18,  636,  759  (1926). 

(3)  Ibid.,  19,  645  (1927). 

(4)  Ibid.,  19,  1369  (1927). 

(5)  Ibid.,  20,  979  (1928). 

(6)  Ind.  Eng.  Chem.,  Anal.  Ed.,  1,  171  (1929). 

(7)  Ibid.,  2,  351  (1930). 

(8)  Ibid.,  3,  221  (1931). 

(9)  Ibid.,  4,  154  (1932). 

(10)  Ibid.,  4,  347  (1932). 

(11)  Ibid..  5,  289  (1933). 

(12)  Ibid.,  12,  631  (1940). 

Presented  in  connection  with  the  report  of  the  Committee  on  Analyt 
Reagents  at  the  105th  Meeting  of  the  American  Chemical  Socii 
Detroit,  Mich. 


Destructive  Irradiation  Technique  of  Spectrophotometric 

Vitamin  A  Assay 

ROBERT  W.  LITTLE’ 

Columbia  University,  New  York,  N.  Y. 


DURING  the  past  15  years  many  studies  have  been  made  of 
the  two  in  vitro  methods  of  vitamin  A  assay  in  an  attempt 
to  replace  the  laborious  and  time-consuming » animal-feeding 
method  by  a  more  rapid  and  precise  means  of  determining  vita¬ 
min  A  potency. 

The  spectrophotometric  assay,  while  rapid,  finds  simple  appli¬ 
cation  limited  to  fish  liver  oils  and  food  oils  of  fairly  high  potency. 
As  the  potency  of  the  oil  decreases,  the  extraneous  absorption  at 
the  wave  length  of  the  maximum  absorption  of  vitamin  A  be¬ 
comes  greater,  and  there  is  therefore  a  lower  limit  of  potency, 
below  which  the  spectrophotometric  technique  gives  rise  to  ap¬ 
parent  potencies  greater  than  the  actual  vitamin  A  content. 
The  practice  of  saponifying  oils  of  low  potency  lowers  the  limit  of 
applicability  somewhat. 

The  colorimetric  method  of  Carr  and  Price  (2)  has  been  used  to 
some  extent  in  miscellaneous  products  containing  vitamin  A,  par¬ 
ticularly  to  trace  the  occurrence  and  storage  in  the  various  tis¬ 
sues  of  the  animal  body  (1,  3,  4,  13). 

In  1934  the  International  Committee  approved  the  spectro- 
graphic  method  as  an  alternate  to  the  biological  assay  (9)  but  it 
has,  as  yet,  been  used  almost  exclusively  in  the  assay  of  fish  liver 
oils.  The  method  has  been  shown  to  be  applicable  to  butterfat 
(8,  14),  and  attempts  have  been  made  to  apply  it  to  other  food 
extracts  (5,  7). 

The  difficulty  in  obtaining  an  extract  of  a  food  product  or  ani¬ 
mal  tissue,  which  would  be  sufficiently  free  from  interfering  ex¬ 
traneous  absorption  to  measure  the  vitamin  absorption  directly, 
suggests  the  use  of  the  destructive  irradiation  technique  as  first 
suggested  by  Peacock  (15).  As  was  pointed  out  by  Demarest 

(6),  the  validity  of  this  method  depends  upon  three  assumptions: 
(1)  the  irradiation  process  destroys  vitamin  A,  the  end  product 
of  the  destruction  having  no  appreciable  absorption  at  3280  A. 
(2)  Substances  present  other  than  vitamin  A  undergo  no  appre¬ 
ciable  change  in  their  absorption  at  3280  A.  during  the  irradia¬ 
tion.  (3)  The  irradiation  causes  quantitative  destruction  of  the 
vitamin  present.  Whether  or  not  these  three  conditions  can  be 
satisfied  seems  still  to  be  a  subject  of  controversy  (6,  12). 

1  Present  address,  Quartermaster  Corps,  United  States  Army. 


Since  absorption  of  ultraviolet  radiation  is  characteristic  of 
unsaturated  organic  linkages  and  of  conjugated  systems  in  p 
ticular,  it  was  felt  that  filtered  radiations  from  a  mercury  va 
arc,  limited  as  closely  as  possible  to  the  absorption  range  of 
vitamin,  offered  the  most  logical  opportunity  of  attaining  spx 
ficity  in  the  photolysis  process. 

APPARATUS 

The  absorption  was  carried  out  by  means  of  a  Hilger  medi 
quartz  spectrograph  combined  with  a  double  disk  rotating  sec 
photometer,  the  source  of  radiation  being  a  water-cooled,  1< 
pressure,  hydrogen  discharge  tube.  The  spectrograph  slit  t 
kept  at  a  constant  setting  of  approximately  0.09  mm. 

The  spectrograms  were  made  using  fused  quartz  absorpt 
cells,  similar  to  Hilger  type  C,  and  were  recorded  on  10  X  25  ( 
(4  X  10  inch)  photographic  plates  (Eastman  33),  isodens 
points  being  picked  out  by  visual  comparison  with  the  aid  of 
opal-glass  spectrum  viewer  and  a  small  hand  lens  (4X). 

Destructive  irradiations  were  carried  out  with  a  Hano 
quartz  mercury  vapor  arc,  laboratory  model,  110  volt,  dir 
current,  the  lamp  always  being  turned  on  10  minutes  before 
radiations  were  begun.  The  spectrograph  cell  containing  1 
solution  to  be  irradiated  was  placed  in  a  small,  water-jacketed 
can  (5  cm.  deep,  5  cm.  in  diameter)  which  was  fitted  to  be  cove: 
with  the  filter  or  filters  desired.  [Two  filters  were  used:  (1)  r> 
purple  Corex  A  (C.  G.  No.  986),  3  mm.  thick  and  5  cm.  squa 
(2)  an  optical  quartz  cell,  5  cm.  in  diameter,  containing  5  cc. 
0.2  M  potassium  hydrogen  phthalate  resulting  in  a  depth  of  so 
tion  of  about  1  mm.]  The  can  was  raised  into  the  hood  of  i 
lamp  during  the  irradiation,  so  that  the  cell  being  irradiated  v 
about  18  cm.  from  the  mid-section  of  the  arc. 

MATERIALS 

Cyclohexane.  A  special  grade  was  obtained  (Eastman  -N 
702)  and  redistilled  before  use.  In  cases  where  the  cyclohex;) 
contained  benzene  or  other  impurities,  it  was  purified  by  treati 
with  fuming  sulfuric  acid.  Each  new  or  purified  lot  of  solvt 
was  compared  spectrograph! cally  with  distilled  water  and  with  t 
last  solvent  used. 

Ethyl  Alcohol.  Ethanol  95%  was  treated  with  silver 
trate  and  potassium  hydroxide  and  the  filtered  solvent  then 
fluxed  with  Af-phenylenediamine  dihydrochloride  and  distilled. 

Wet  Ether  for  Extractions.  Anhydrous  ether  " 
shaken  periodically  with  about  ’/3  its  volume  of  5%  aqueous  | 
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ium  hydroxide  for  2  to  3  hours  and  distilled  slowly  from  the 
line  solution.  This  solvent  was  always  purified  less  than  24 
•s  before  use. 

ey  Etheb.  Anhydrous  ether  was  distilled  onto  sodium  wire 
used  as  required  from  the  storage  bottle. 

PROCEDURES 

MSAPONIFIABLE  FRACTION  OF  REFERENCE  OlL.  The  proce- 
of  Wilkie  (17)  was  used  with  the  following  modifications, 
irtion  of  300  to  400  mg.  of  oil  was  taken  for  a  sample  and  re- 
d  for  10  minutes  with  5%  alcoholic  potassium  hydroxide. 
>wing  the  ether  extractions  100  cc.  of  water  were  poured 
igh  the  combined  ether  extracts  without  agitation.  The 
r  layer  was  drawn  off  and  the  ether  solution  washed  with  3  to 
of  water,  with  vigorous  shaking.  The  resulting  emulsion 
broken  by  a  final  wash  with  100  cc.  of  water,  the  water  again 
i  poured  in  without  agitation.  The  washed  ether  extract 
filtered  by  suction  through  a  layer  of  anhydrous  sodium  sul- 
on  a  sintered-glass  funnel  into  a  ground-glass  vacuum  dis- 
ion  apparatus.  The  filter  and  anhydrous  sodium  sulfate 
washed  with  two  small  portions  of  anhydrous  ether  and  the 
nt  was  removed  at  room  temperature,  under  reduced  pres¬ 
and  in  an  atmosphere  of  nitrogen.  The  cyclohexane  was 
duced  by  means  of  a  small,  side-arm  separatory  funnel  be- 
the  vacuum  was  broken.  The  cyclohexane  solution  was 
transferred  to  a  volumetric  flask  and  made  up  to  volume, 
remaining  air  was  displaced  with  nitrogen  and  the  spectro- 
lic  assay  run  within  24  hours. 

was  pointed  out  by  McFarlane  and  Sutherland  (12),  vase- 
hould  not  be  employed  as  a  stopcock  lubricant  in  the  separa- 
funnels.  Glycerol  was  used  in  this  work  and  found  to  be 
'actory. 

[saponifiable  Extract  of  Animal  Tissues.  The  animal 
>s  were  dissected  out,  placed  in  a  weighed  cork-stoppered 
.  Erlenmeyer  flask,  reweighed,  and  covered  with  5%  aqueous 
sium  hydroxide.  (Care  was  taken  to  remove  all  fatty  tis- 
nd  the  tissues  were  blotted  carefully  with  paper  toweling  to 
ve  excess  blood.)  The  air  in  the  flask  was  displaced  with 
?en  and  the  tissues  were  stored  in  the  dark,  under  refrigera- 
mtil  assayed. 

removal  from  storage,  the  flasks  were  placed  in  a  water  bath 
0  C.  for  5  minutes  or  until  complete  dissolution  occurred, 
.1,  and  the  tissue  solution  was  transferred  to  a  50-cc.  separa- 
funnel._  The  solution  was  shaken  with  5  cc.  of  ethanol  fol- 
I  by  25  cc.  of  wet  ether.  [As  was  found  by  Davies  (S),  a 
iiinary  shaking  with  alcohol  makes  it  possible  to  extract  90% 
ire  of  the  vitamin  A  with  a  single  ether  extraction.]  The 
■  layer  was  drained  into  a  second  separatory  funnel  and 
extracted  with  25  cc.  of  wet  ether.  The  ether  extracts 
then  combined  in  a  reflux  flask  with  a  boiling  chip  and  the 
was  boiled  off  in  a  60°  C.  water  bath. 

e  residue  was  cooled,  25  cc.  of  ethanol  and  3  cc.  of  50% 
>us  potassium  hydroxide  were  added,  and  the  mixture  was 
ed  in  a  water  bath  for  10  minutes,  using  a  ground-glass  re- 
This  solution  was  cooled,  30  cc.  of  water  were  added,  and 
hole  was  transferred  to  a  250-cc.  separatory  funnel.  From 
in  the  sample  was  treated  as  given  above  for  the  unsaponi- 
fraction  of  a  cod-liver  oil. 

utions  of  muscle  tissue  prepared  in  this  manner  were  always 
and  colorless  but  became  somewhat  turbid  when  irradiated. 
;ionally  this  turbidity  formed  when  the  prepared  solution 
a  be  stored  in  the  refrigerator  overnight,  in  which  case  filter- 
to  the  absorption  cells  solved  the  difficulty.  The  following 
however,  invariably  led  to  a  clear,  colorless  final  solution 
no  tendency  to  become  turbid  either  on  refrigeration  or  ir¬ 
tion. 

er  saponification  the  sample  was  cooled,  30  cc.  of  water  and 
ops  of  saturated  sodium  sulfate  were  added,  and  the  flask 
flowed  to  stand  5  to  10  minutes  in  an  ice  bath.  The  solution 
tien  filtered  into  a  separatory  funnel  (Whatman  No.  44)  and 
isk  and  filter  were  washed  with  a  few  cubic  centimeters  of  a 
re  of  half  95%  ethanol  and  half  water,  saturated  with  sodium 
e.  The  extraction  was  then  carried  out  as  usual. 

im  applications  of  this  treatment  to  preparations  of  muscle 
,  liver  tissue,  and  cod  liver  oil,  it  appears  that  such  a  “salting 
loes  not  cause  any  appreciable  loss  of  vitamin  A. 
the  course  of  this  work  specific  extinction  coefficients  were 
nined  by  three  different  methods — (1)  direct  measurement, 
'adiated  measurement,  and  (3)  modified  photometry. 


The  direct  measurement  is  generally  used  in  spectrographic 
work,  in  which  case  the  spectrogram  is  taken  with  one  absorption 
cell  containing  the  solution  under  test  and  the  other  cell  filled 
with  pure  solvent.  The  specific  extinction  coefficient  is  repre¬ 
sented  by  the  symbol  E\  . 

In  the  second  case  two  spectrograms  are  taken:  one  a  direct 
measurement  as  above,  and  the  other  a  measurement  of  the  same 
preparations  left  in  the  cells,  the  solution  having  been  irradiated. 
In  this  case  the  symbol  E\  irrad  is  used,  where 

E}%  .  ,  =  F}%  _  Fl% 

1  cm.  irrad.  1  cm.  (original)  ■“'l  cm.  (residual) 

The  method  of  modified  photometry  as  suggested  by  De  (5)  re¬ 
quires  but  one  spectrogram,  in  which  case  both  cells  are  filled  with 
the  solution  under  test,  the  solvent  cell  being  irradiated  before 
the  spectrogram  is  taken.  The  symbol  E\%m  mod  will  be  used 
in  this  case. 


It  is  obvious  that  methods  2  and  3  should  give  the  same  spe¬ 
cific  extinction  coefficient  for  any  given  solution  and  also  a  meas¬ 
ure  of  those  constituents  of  the  solution  which  are  destroyed  by 
irradiation — i.e.,  vitamin  A  if  the  effect  of  irradiation  can  be 
made  specific  for  the  vitamin. 

EXPERIMENTAL 

Instrument  Factor.  Specific  extinction  coefficients  (Ei  (fm_) 
of  the  unsaponifiable  fraction  of  U.S.P.  reference  oil  2,  as  meas¬ 
ured  ten  times  over  a  period  of  9  months,  ranged  from  0.69  to 
0.80,  the  mean  being  0.73  with  an  average  deviation  of  =*=0.03, 
the  instrument  factor  calculated  therefrom  being  2330. 

Thus,  the  precision  of  the  method  when  applied  to  oils,  includ¬ 
ing  changes  in  the  oil  on  aging  and  differences  introduced  by  the 
saponification  and  extraction  processes,  amounts  to  approxi¬ 
mately  =*=4%.  The  working  factor  used  in  potency  calculations 
was  the  mean  value  given  rounded  off  to  2300.  Both  the  E 
value  and  the  factor  above  gave  satisfactory  checks  with  other 
laboratories  running  spectrophotometric  assays  on  the  same  un¬ 
saponifiable  fraction  and  whole  oil  preparations. 

Light  Filters  and  Effect  of  Filtered  Radiation.  In 
the  selection  of  light  filters  to  cut  down  the  radiation  of  the  full 
mercury  vapor  arc,  two  conditions  should  be  satisfied:  (1)  The 
filter  should  cut  out,  as  thoroughly  as  possible,  the  radiations  in 
the  range  from  2000  to  3000  A.  (2)  The  remaining  radiations 
from  3000  to  4000  A.  should  be  as  intense  as  possible.  It  was 
felt  that  since  almost  all  the  extraneous  absorption  due  to  con¬ 
stituents  of  the  fish  oils  other  than  vitamin  A  lies  in  the  range 
from  2000  to  3000  A.,  radiations  of  the  mercury  arc  from  3500  A. 
to  longer  wave  lengths  should  have  no  appreciable  effect  on  the 
solutions  studied,  and  need  not  be  considered.  The  two  chief 
maxima  of  the  oils  lie  generally  at  about  2300  and  2700  A.  These 
maxima  completely  overshadow  the  vitamin  absorption,  except 
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in  the  case  of  concentrates  of  vitamin  A,  and  therefore  are  the 
most  probable  sources  of  change  in  extraneous  absorption  when 
exposed  to  light  radiations  of  the  proper  wave  length.  For  the 
irradiation  studies  two  filters  were  used — filter  1:  red-purple 
Corex  A,  C.  G.  No.  986;  filter  2:  C.  G.  No.  986  plus  phthalate 
filter.  The  use  of  potassium  acid  phthalate  solution  as  a  filter  for 
ultraviolet  light  was  first  suggested  by  Saunders  (16).  It  is  par¬ 
ticularly  applicable  for  this  work  since  it  cuts  out  completely  all 
light  radiations  of  wave  lengths  shorter  than  3000  A.  The  trans¬ 
mission  curves  of  these  two  filters  are  shown  in  Figure  1.  The 
transmission  curves  as  shown  do  not  give  a  true  picture  of  the 
influence  of  each  on  the  effective  radiations  of  the  mercury  vapor 
arc.  The  effect  of  these  curves  on  the  absolute  intensities  of  the 
ultraviolet  spectrum  of  the  low  intensity  quartz  mercury  arc,  as 
given  by  McAlister  (11),  should  be  considered. 


Table  I.  E  Values  and  Factors  for  U.S.P.  Oil  2 


(Determined  by  direct  and  irradiation  techniques) 


With  the  majority  of  the  solutions  considered  throughout  this 
work  the  effect  of  filter  1  was  found  to  be  sufficient  to  make  in¬ 
significant  those  changes  in  extraneous  absorption  which  occur 
during  irradiation.  With  all  solutions  of  muscle  tissue  and  with 
a  few  low-potency  preparations  of  liver  tissue  the  use  of  filter  2 
was  required  to  obtain  anything  like  a  specific  effect  for  vitamin 
A.  (Filter  2  might  well  be  used  for  all  samples  regardless  of  po¬ 
tency.)  In  Figure  2  are  given  the  absorption  curves  for  muscle 
preparations  employing  modified  photometry,  using  filter  1  in  one 
case  and  filter  2  in  the  other.  Figure  3  shows  the  effects  of  the 


two  filters  on  the  rate  at 
which  the  vitamin  is  de¬ 
stroyed  in  a  preparation  of 
muscle  tissue. 

From  Figure  2  it  will  be 
seen  that,  in  spite  of  the  very 
low  potency  of  this  sample 
(less  than  3  I.U.  per  gram), 
and  the  presence  of  large 
amounts  of  other  absorbing 
constituents,  the  use  of  filter 
2  produced  a  curve  very 
much  more  similar  to  that 
of  pure  vitamin  A  than  the 
corresponding  curve  obtained 
with  filter  1.  The  destruction 
curve  in  Figure  3  using  filter 
2  shows  a  clean-cut  decrease 
absorption  at  3280  A. 


Sample 

Direct 

-E\  /0  - , 

1  cm. 

Irradiation 

Direct 

Factor - 

Irradiati 

1 

0.78 

0.70 

2180 

2430 

2 

0.72 

0.63 

2360 

2700 

3 

0.80 

0.67 

2120 

2540 

4 

0.78 

0.72 

2180 

2360 

5 

0.73 

0.63 

2330 

2700 

Mean 

0.76 

0.67 

2240 

2540 

Av.  deviation 

±0.03 

±0.03 

(2200) 

(2500) 

%  av.  deviation 

±3.9 

=fc4. 5 

hand,  the  destruction  curve  shows  no  tendency  to  level  i 
as  it  does  with  filter  2. 

Decomposition  on  Irradiation.  The  questions  which  fi 
arose  in  the  use  of  destructive  irradiation  were  those  which  Der 
rest  (6)  expressed  in  his  conditions  1  and  3 — i.e.,  does  the  ir 
diation  destroy  vitamin  A  leaving  no  absorbing  end  products,  a 
how  long  should  the  irradiation  be  continued  to  ensure  quanti 
tive  destruction?  The  work  of  Neal  et  al.  (14)  indicates  that 
disappearance  of  absorption  at  3280  A.  is  accompanied  by  a  qu; 
titative  loss  of  biological  activity;  thus  the  disappearance  of 
absorption  at  3280  A.  may  be  interpreted  as  indicating  the 
struction  of  the  vitamin  A  molecule  by  irradiation.  The  pr 
tice  in  this  investigation  was  to  determine  for  each  new  sam 
which  differed  in  nature  or  potency  from  the  last  considered,  i 
time  necessary  to  attain  100%  decomposition — i.e.,  the  irrad 
tion  time  required  to  give  an  E  value  which  was  unchanged 
further  irradiation.  This  irradiation  time  was  then  used 
assaying  the  remaining  samples  of  the  particular  tissue  or  i 
For  the  great  majority  of  samples  the  irradiation  was  cariiedt 
for  30  minutes,  this  time  being  used  for  any  material  which  in 
cated  complete  destruction  in  30  minutes  or  less. 

In  Figure  4  are  given  a  few  decomposition  curves  character^ 
of  all  those  obtained.  A  study  of  these  curves,  keeping  in  mi 
the  large  range  of  potency  of  the  materials  represented,  indica 
satisfaction  of  the  two  conditions  stated  above.  The  fact  tl 
the  residual  absorption  found  in  samples  of  low  potency  is  not  d 
to  an  end  product  of  the  vitamin  A  decomposition,  but  rather 
the  end  absorption  of  a  constituent  of  the  oil  or  tissue  unaffect 
by  the  irradiation,  is  shown  by  the  liver  curves,  which  go  to  zt 
absorption  even  in  the  case  of  liver  of  lowest  potency.  Fii 
proof  of  this  fact  lies  with  the  curve  of  crystalline  vitamin  itself. 


in 


reaching  a  steady  minimum 
value.  This  closely  re¬ 
sembles  the  destruction 
curves  found  for  other  tissues, 
oils,  and  vitamin  A  itself. 
With  filter  1,  on  the  other 
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Figure  4.  Effect  of  Irradiation  on  Absorption  at  3280  A. 
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Wave  Length  in  Angstrom  Units 


Figure  5.  Absorption  Curves 
1.  Direct  2.  Irradiated 


liable  fraction.  The  destructive 
irradiation  technique,  on  the  other 
hand,  can  be  employed  with  oils 
of  potencies  as  low  as  this,  even 
on  the  whole  oil  itself,  and  when 
saponification  is  carried  out,  cam 
be  applied  to  oil  samples  at  least 
as  low  as  240  I.U.  per  gram. 

Change  in  Absorption  Curves 
Produced  by  Irradiation.  The 
last  condition,  which  must  be 
satisfied  in  order  to  make  the 
destructive  irradiation  technique 
valid  as  a  measure  of  vitamin  A, 
is  that  stated  as  condition  2  by 
Demarest  ( 6 ) — i.e.,  in  the  course 
of  the  irradiation,  substances 
present  other  than  vitamin  A  un¬ 
dergo  no  appreciable  change  in 
their  absorption  at  3280  A.  That 
this  condition  is  satisfied  in  the 
case  of  concentrates  was  shown  by 
Demarest  and  is  supported  by 
similar  work  undertaken  in  the 
course  of  this  investigation.  The 
change  in  absorption  curves  of 
low-potency  cod  liver  oils  during 


radiation  of  Fish  Liver  Oils  and  Concentrates.  In  the 
;e  of  this  study  it  was  noticed  that  the  destructive  irradiation 
eparations  of  U.S.P.  oil  2  never  caused  the  E  value  to 
ase  to  a  value  of  zero.  In  substantiation  of  this,  a  group  of 
•s.  oil  preparations  were  measured  by  both  the  direct  and 
iation  methods  (Table  I). 

e  results  show  a  distinct  difference  between  the  values  of 
i.  and  Ex  '°m  irrad  which  is  greater  than  the  average  devia- 
In  view  of  the  results  of  the  preceding  section,  the  deter- 
tion  of  the  instrument  factor  by  means  of  E\  would  result 
alue  from  8  to  1 2 %  too  low  and  would  thus  introduce  an  error 
;  same  magnitude  into  all  calculations  of  vitamin  A  potency, 
the  factor  thus  obtained.  In  all  calculations  of  biological  po- 
from  E  values  in  this  work,  the  “modified”  factor  of  2500 
:sed  in  place  of  the  “direct”  factor  of  2300.  The  value  of 
for  the  instrument  conversion  factor  compares  very  favor- 
vith  the  results  obtained  earlier  with  U.S.P.  oil  1.  These 
ge  values  were  E\  =  1.21,  giving  a  factor  of  2480  (2500). 
m  attempt  to  clarify  this  situation,  a  series  of  determinations 
lade  on  six  oils  ranging  in  potency  from  50  to  260,000  I.U. 
am,  using  both  the  direct  and  irradiation  methods.  These 

3  are  presented  in  Table  II,  and  show  clearly  the  differences 
applicability  of  the  two  methods.  In  so  far  as  the  relative 
cies  of  the  oils  allow,  the  results  also  indicate  approximate 
of  potency,  below  which  the  methods  are  in  error  due  to 
ieous  absorption.  As  was 

in  Table  I,  the  unsaponi- 
preparation  of  U.S.P.  oil  2 
all  below  the  lower  limit 
ency  of  the  direct  method, 
sr  proof  of  this  is  easily 
■om  the  absorption  curves 
these  oils,  before  and  after 
ttion,  as  plotted  in  Figure 
he  gradually  increasing 
eous  absorption  of  the  oil 
with  decreasing  potency 
come  so  great  in  the  case 

4  that  it  can  no  longer  be 
ted,  even  in  the  unsaponi- 


ii  laujixi  iuji 


satisfy  this  condition,  with  the  use  of  filter  1.  In  Figure  6  are 
given  a  few  absorption  curves  for  liver  and  muscle  samples,  show¬ 
ing  the  changes  on  irradiation  and  also  the  curves  obtained  by 
modified  photometry  with  other  samples  of  the  same  tissue. 
Similar  curves  obtained  for  oil  samples  are  not  given,  since  the 
validity  of  the  above  assumption  in  the  case  of  these  low-potency 
tissues  is  more  open  to  question  than  in  the  case  of  oil  prepara¬ 
tions  with  potencies  300  to  1500  times  as  great.  The  potencies 
of  the  tissues  in  these  three  cases  were  221,  13,  and  1  I.U.  per 
gram  respectively. 

In  the  case  of  Figure  6  (left)  the  shape  of  the  absorption  curve 
is  very  similar  to  that  of  vitamin  A  and  falls  completely  to  zero 
on  irradiation.  The  curve  obtained  by  modified  photometry  is 
also  similar  in  characteristics  and  indicates  that  irradiation  causes 
a  maximum  change  in  absorption  at  3280  A.,  changes  at  all  other 
wave  lengths  being  secondary.  The  curve  obtained  by  calculat¬ 
ing  E\^m_  irrad  for  curves  1  and  2  resembles  3  very  closely.  It 
seems  highlv  probable  that,  in  this  case,  changes  in  the  absorp¬ 
tion  at  3280  A.  of  constituents  other  than  vitamin  A  are  negligible. 
The  potency  of  the  liver  represented  by  Figure  6  (center)  is  a 
great  deal  lower  than  that  just  considered,  and  the  absorption  of 
vitamin  A  becomes  mendy  an  inflection  point  on  the  primary 
curve  of  the  tissue  oil.  The  change  of  absorption  is  still  a  maxi¬ 
mum  at  3280  A.,  however,  as  shown  best  bv  curve  3,  and  condi¬ 
tion  2  is  fairly  well  satisfied  in  this  case  also.  The  extraneous 
absorption  in  the  case  of  muscle  tissue  is  very  great  and  the  ab¬ 
sorption  of  vitamin  A  is  almost  completely  masked.  Curve  3 


Table  II.  Direct  and  Irradiated  Measurements  of  Vitamin  A  Potency  of  Concentrates,  Fish  Liver 

Oils,  and  Oil  Dilutions 


-Whole  Oil— 


Oil 

Known 

Potency 

Potency 

No. 

Potency 

direct 

irradiated 

I.  U.  per  gram 

1 

260.000 

237,000 

237,000 

2 

60,000 

72,500 

72,500 

3 

2,400 

2.750 

2,400 

4b 

1,700 

2,020 

1,700 

5C 

240 

450 

275 

6d 

46 

250 

87 

°  T.U.  per  gram  of  original  oil. 
b  U.S.P.  oil  2. 


Difference, 
direct  and 

- - Unsaponifiable  Fraction - > 

Difference, 

Potency  Potency  direct  and 

Difference, 
Whole  Oil  and 
Unsaponifiable 

irradiated 

direct 

irradiated 

irradiated 

Irradiated 

% 

I.U.  ; 

per  grama 

% 

% 

0 

225,000 

225,000 

0 

6 

0 

60,000 

60,000 

0 

21 

14 

2,500 

2,500 

0 

4 

19 

1,875 

1,070 

12 

2 

64 

325 

240 

35 

14 

187 

140 

70 

100 

38 

c  Oil  3  diluted  1-10  by  weight  with  corn  oil. 
d  Oil  3  diluted  1-50  by  weight  with  corn  oil. 
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still  has  its  maximum  at  3280  A., 
however,  and  condition  2  is 
again  satisfied  as  well  as  might 
be  expected  for  a  material  of 
such  low  potency.  The  ex¬ 
traneous  absorption  in  the  case 
of  muscle  preparations  bears 
about  the  same  relation  to  the 
vitamin  absorption  as  it  did  for 
the  low-potency  oil  shown  in 
Figure  5  (right)  although  the 
potency  of  the  oil  was  about ' 
250  times  that  of  the  muscle. 

Carotenoid  Interference. 
In  determining  vitamin  A  by  a 
spectrophotometric  measure¬ 
ment,  the  question  arises  as  to 
how  much  of  the  absorption  at 
3280  A.  may  be  due  to  the  ca¬ 
rotenoids.  In  the  case  of  but- 

o 

terfat  the  absorption  at  3280  A., 
which  may  be  due  to  an  end  ab¬ 
sorption  of  the  carotene  maxima 
at  4500  A.  and  4800  A.,  be¬ 
comes  large  enough  to  require 
consideration.  However,  in 
comparing  the  transmission 


■curves  of  several  prepared  solutions  of  animal  tissues  with  that  in  the  spectrographic  measurement  in  terms  of  log  h/I — i  e. 

of  pure  /3-carotene,  it  was  shown  that  the  greatest  interference  this  case  between  ±5  and  ±16%. 


by  carotene  at  3280  A.  amounted  to  less  than  0.01  unit  on  the 
log  Iti/I  scale. 

Recovery  Experiments.  In  a  procedure,  such  as  is  used  in 
the  preparation  of  the  solutions  of  animal  tissues,  involving  sa¬ 
ponification,  extraction,  washing,  and  a  change  of  solvents,  two 
conditions  must  be  satisfied — (1)  the  process  must  be  specific 
in  separating  the  constituent  desired  from  the  materials  which 
would  interfere  in  the  quantitative  measurement  of  that  con¬ 
stituent,  and  (2)  the  recovery  in  the  final  solution  of  the  substance 
to  be  determined  must  be  as  quantitative  as  possible. 

In  the  case  of  a  material  like  an  animal  tissue,  condition  1  could 
not  be  completely  satisfied,  but,  as  the  results  show,  the  separa¬ 
tion  is  sufficient  to  allow  measurements  to  be  made  within  a  cer¬ 
tain  limit  of  error. 

In  order  to  test  the  extent  to  which  condition  2  is  satisfied,  re¬ 
covery  experiments  were  carried  out  using  supplemented  and 
unsupplemented  samples  of  liver  and  muscle  tissue.  The  re¬ 
covery  in  the  final  solutions,  of  the  supplements  added  to  the 
tissues,  ranged,  for  the  most  part,  from  88  to  99%.  In  the  cases 
of  the  extremely  low-potency  muscle  tissues,  the  effect  of  the 
supplement  is  so  much  closer  to  the  precision  of  the  measure¬ 
ments  that  calculations  in  terms  of  per  cent  recovery  have  a 
limited  meaning.  The  results  obtained  indicated  clearly,  how¬ 
ever,  that  the  vitamin  A  of  the  sample  is  recovered  efficiently  in 
the  final  solution. 

Precision  of  Measurements  on  Animal  Tissues.  The 
precision  of  measurement,  in  the  case  of  a  cod  liver  oil,  was  ap¬ 
proximately  ±4 %.  In  another  part  of  this  work  {10),  it  was 
found  that  the  values  obtained,  with  the  same  tissue  from  differ¬ 
ent  but  comparable  test  animals,  varied  from  each  other  by  as 
much  as  ±40%.  It  was  felt  that  the  precision  of  any  one  meas¬ 
urement  was  much  better  than  these  results  indicated,  the  much 
larger  variations  found  being  due  to  differences  in  the  rates  of 
growth  and  storage  of  the  experimental  animals. 

In  Table  III  are  shown  the  results  obtained  when  several 
samples  of  one  large  portion  of  a  tissue  were  run  on  consecutive 
days. 

It  is  evident  that  the  precision  of  the  measurements  on  a  homo¬ 
geneous  sample  of  liver  tissue  is  as  good  as  that  found  for  cod 
liver  oils.  With  the  muscle  samples,  the  precision  shown  is  also 
of  the  same  order  and  the  probable  error  might  be  expected  to  lie 
between  the  value  given  above  and  that  caused  by  ±0.02  precision 


Table  III.  Precision  of  Measurement  with  Animal  Tissues 


Sample 

Liver 

Muscle 

No. 

Potency 

Potency 

I.U./g. 

I.U./g. 

I 

217 

0.95 

2 

217 

0.95 

3 

220 

0.95 

4 

225 

1.10 

5 

227 

0.95 

6 

219 

Mean 

221 

0.98 

Av.  deviation 

±3 . 5 

±0.05 

%  av.  deviation 

±2 

±5 

DISCUSSION 

In  order  to  adopt  the  destructive  irradiation  technique  a 
method  for  the  quantitative  estimation  of  vitamin  A,  the  valic 
of  the  three  assumptions  previously  stated  must  be  demonstra1 
On  the  basis  of  the  work  just  described,  it  is  considered  t 
these  three  conditions  have  been  shown  to  be  satisfied,  under 
conditions  used,  for  fish  liver  oils  and  preparations  of  animal 
sues  over  a  very  wide  range  of  potency. 

The  bioassay  results  of  Neal  et  al.  ( 14 ),  on  unsaponifiable  prc 
rations  before  and  after  irradiation,  demonstrate  the  comp 
loss  of  biological  potency,  which  parallels  a  total  loss  of  abs< 
tion  at  3280  A.  The  curves  of  Figure  4  show  that  the  irradiati 
carried  out,  using  the  filters  indicated,  cause  very  similar  dec< 
position  curves  for  all  types  of  materials  studied.  In  the  casi 
the  liver  samples  the  absorption  at  3280  A.  is  completely  remoi 
indicating  100%  decomposition  of  vitamin  A.  This  is  stror 
supported  by  the  destruction  shown  in  the  case  of  the  crystal 
vitamin  A  alcohol.  On  the  basis  of  these  destruction  curve 
may  be  said  that  condition  1  is  satisfied — i.e.,  irradiation  cat 
the  destruction  of  vitamin  A  and  the  end  products  of  the  desti 
tion  have  no  absorption  at  3280  A.  The  similarity  of  the 
struction  curves  and  the  consistent  leveling  out  of  these  curve 
from  10  to  30  minutes,  with  no  additional  change  on  contin 
irradiation,  make  credible  the  assumption  that  this  same  qua 
tative  destruction  occurs  when  residual  absorption  is  pres 
provided  irradiation  is  continued  until  the  level  portion  of 
curve  is  reached.  A  study  of  the  absorption  curves  of  Figur 
and  6,  observing  the  steady  increase  in  extraneous  absorp 
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i  decreasing  potency,  will  make  the  validity  of  this  assumption 
e  apparent. 

'he  satisfaction  of  condition  3 — i.e.,  that  irradiation  is  con- 
led  long  enough  to  ensure  complete  decomposition  of  the  vita- 
— is  apparent  from  Figure  4.  Pure  vitamin  A  in  cyclohexane 
completely  destroyed  in  about  15  minutes,  and  in  30  minutes 
iss  it  was  eliminated  in  the  cases  of  liver  and  of  muscle. 

‘he  condition  most  difficult  to  satisfy  is  No.  2 — i.e.,  the  irra- 
ion  produces  no  appreciable  change  in  the  absorption  at 
3  A.  of  substances  present  other  than  vitamin  A.  The 
:ificity  of  the  irradiation  for  the  vitamin  is  well  demonstrated, 
ever,  for  all  types  of  materials  studied,  in  the  absorption 
res  of  Figures  5  and  6.  The  primary  change  occurs  at  3280  A., 
ither  changes  being  secondary  in  magnitude, 
hat  the  satisfaction  of  these  conditions  is  possible  only  by 
ig  filtered  light  radiations  is  illustrated  by  Figures  2  and  3. 
dition  2  is  definitely  not  satisfied  when  the  light  radiations 
i  contain  wave  lengths  which  coincide  with  the  absorption 
;ima  of  substances  present  other  than  vitamin  A.  In  Figure 
le  nature  of  the  curve  obtained  with  filter  1  could  mean  two 
gs:  (1)  The  decomposition  of  the  vitamin  is  paralleled  and 
iwed  by  the  decomposition  of  other  constituents  of  the  solu- 
,  or  (2),  as  suggested  by  Demarest,  the  vitamin  is  screened 
l  the  effective  radiations  by  the  absorption  of  other  constitu- 
.  The  result  of  this  second  effect  would  be  a  much  greater 
liation  time  required  to  obtain  complete  destruction  of  the 
min. 

he  value  of  a  method  of  vitamin  A  assay  employing  destruc- 
irradiation  is  apparent  in  the  application  of  the  method  to 
of  a  wide  range  of  potency,  as  shown  in  Table  II.  Direct 
surement  of  the  whole  oil  dilution  has  often  been  employed 
le  case  of  high-potency  oils,  common  practice  having  been  to 
ense  with  saponification  for  oils  with  a  potency  of  10,000  I.U. 
gram  or  more.  Direct  measurement  of  unsaponifiable  prepa¬ 
ys  is  applicable  to  potencies  of  approximately  2500  I.U. 
gram  or  more.  The  applicability  of  the  irradiation  technique 
l  on  whole  oil  preparations  is  even  lower  than  this,  and  would 
>ably  go  to  values  of  1000  I.U.  per  gram  or  less.  Employing 
i  saponification  and  irradiation,  the  assaying  of  oils  as  low  as 

l. U.  per  gram  or  lower  is  possible.  These  limits  will,  of 
se,  vary  with  the  nature  of  the  material  assayed,  and  with 
saponification  and  extraction  technique  used. 

l  the  light  of  what  has  been  said  thus  far,  it  would  seem  that 

m.  mod.  or  "fin.  irrad.  might  be  more  dependable  measures  of 
min  A  potency  than  E\^mr  The  results  obtained  with  the 
nd  U.S.P.  oil  (Table  I)  indicate  the  introduction  of  an  error 
to  12%  by  the  assumption  that  E\  is  a  measure  of  vitamin 
ily.  This  error  would  carry  over  into  calculated  instrument 
ars  and  any  spectrophotometric  assays  made  on  other  prepa- 
)ns,  using  this  factor.  The  similarity  of  the  factors  calcu- 
1  from  E\v°m_  irrad_  for  U.S.P.  oil  2  and  E\ ^m-  for  U.S.P.  oil  1 
0  in  each  case)  suggests  that  the  extraneous  absorption  in  the 
of  the  latter  was  small  enough  at  3280  A.  to  give  rise  to  no 
ificant  error  in  direct  measurement.  This  is  indicated,  but 
proved,  by  the  results  obtained  with  oil  3  in  Table  II. 
would  seem  possible,  on  the  basis  of  the  work  presented,  that 
destructive  irradiation  technique  may  be  the  means  of  in¬ 
sing  the  scope  of  the  determination  of  vitamin  A  by  in  vitro 
aods.  Certainly  the  value  of  E\  for  preparations  of  mate- 
containing  vitamin  A  should  be  interpreted  carefully,  unless 
iderable  research  has  been  done  on  substances  of  comparable 
tiical  nature,  with  respect  to  the  nature  of  the  absorption 
e  and  the  effects  of  irradiation. 
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A  Fu  nn  el  (or  U  se  with  Standard 
Tapper  Flasks 

RICHARD  KIESELBACH 
Bakelite  Corporation,  Bound  Brook,  N.  J. 

A  TIME-HONORED  method  of  adding  solids  to  narrow¬ 
mouthed  containers  involves  the  use  of  a  sheet  of  paper 
rolled  into  a  funnel.  Every  chemist  is  familiar  with  the  draw¬ 
backs  of  this  device,  and  most  of  them  have  managed  to  spill  an 
embarrassing  amount  of  material  in  its  use. 

An  important  routine  analysis  in  this  laboratory  requires  the 
quantitative  transfer  of  a  fairly  large  amount  of  solid  to  a  small 
weighing  bottle  having  a  standard  taper  stopper.  The  awkward¬ 
ness  of  balancing  a  paper  funnel  in  this  operation,  and  the  danger 
of  loss  of  material  in  the  fold  of  the  paper,  definitely  suggested  an 
improvement  in  this  line. 

The  funnel  shown  in  the  illustration  was  accordingly  con¬ 
structed,  and  has  been  found  highly  satisfactory  in  practice. 
Because  it  fits  firmly  into  the  neck  of  the  flask,  the  question  of 
balancing  is  obviated.  Since  it  is  made  of  glass,  the  danger  of 
particles  sticking  or  getting  lost  in  cracks  is  greatly  reduced. 
The  slope  of  the  walls  being  fairly  steep,  solids  do  not  tend 

to  pile  up  in  the 
funnel. 

The  funnel  has 
also  been  found 
useful  in  pouring 
large  amounts  of 
liquids  and 
solids  into  other 
flasks,  with  and 
without  ground 
joints,  as  the 
pouring  is 
speeded  by  the 
steep  walls  and 
wide  stem  open¬ 
ing. 


Analytical  Fractionation  of  Asphalts 

A.  J.  HOIBERG  AND  W.  E.  GARRIS,  Jr.1,  Research  and  Development  Laboratories,  Lion  Oil  Refining  Company,  El  Dorado,  Ark. 


A  procedure  is  described  for  the  solvent  separation  of  asphalts  into 
five  fractions:  hexane-insolubles,  hard  resins,  soft  resins,  oils,  and 
waxes.  Since  all  solvents  employed  boil  above  room  temperatures, 
the  method  requires  only  ordinary  laboratory  glassware.  All 
fractions  are  recoverable,  an  advantage  in  that  they  may  be  studied 
to  characterize  the  asphalt  further.  The  accuracy  and  precision  of 
the  method  are  discussed.  Data  are  given  to  show  the  averages 
and  ranges  of  fractions  and  the  properties  of  fractions  recovered 
from  37  oxidized  and  7  straight-run  asphalts,  and  to  illustrate  some 
applications  of  the  method  in  study  of  asphalts. 

INSIGHT  into  behaviors  of  asphalts  is  usually  best  obtainable 
from  knowledge  of  the  component  fractions.  Separation  into 
fractions  serves  to  characterize  the  asphalt.  Recombinations 
of  the  fractions  may  be  made  to  determine  the  effects  of  their 
proportions  on  the  properties  of  the  resulting  blends.  Such 
studies  are  both  fundamental  and  practical,  for  they  describe 
basic  means  of  adjusting  the  fractional  composition  of  asphalts 
to  obtain  desired  action  in  service. 

Although  division  into  fractions  with  highly  distinctive  prop¬ 
erties  may  readily  be  accomplished  through  selective  solvents 
or  adsorbents,  all  the  laboratory  methods  which  have  been 
described  have  shown  serious  disadvantages. 

Mareusson  (14,  cf.  2)  in  1916  described  a  technique  whereby 
the  insolubles  are  precipitated  with  naphtha,  and  the  resins 
adsorbed  by  fuller’s  earth.  The  oils  are  extracted  from  the 
fuller’s  earth  with  naphtha,  and  the  resins  thereafter  removed 
by  washing  the  earth  with  carbon  disulfide.  Various  modifica¬ 
tions  of  this  method  have  been  described,  in  all  of  which  the 
resins  are  removed  by  adsorption.  Important  as  these  pro¬ 
cedures  are,  it  remains  questionable  if  the  resin  fraction  can  be 
recovered  from  the  clay  in  an  unchanged  condition.  Uniformity 
of  results  between  laboratories  is  difficult  to  achieve,  even  though 
adsorbents  prepared  by  standard  procedures  are  used.  More 
recent  possible  methods  depend  upon  propane  as  the  precipitant 
(8,  10, 13).  The  primary  objection  to  the  usage  of  propane  or  of 
hydrocarbon  gases  in  laboratory  procedures  is  the  notable  diffi¬ 
culties  of  handling. 

A  method,  utilizing  only  solvents  boiling  above  atmospheric 
temperatures,  which  permits  direct  recovery  and  weighing  of 
all  fractions  and  can  be  practiced  in  ordinary  laboratory  equip¬ 
ment,  was  proposed  by  Grant  and  Hoiberg  (6)  in  1940.  That 
procedure,  while  successful  with  asphaltic  crudes  of  relatively 
low  wax  content,  did  not  completely  separate  waxes  from  the 
resin  fractions  of  paraffinic-base  asphalts. 

A  revision  is  described  here  whereby  this  difficulty  is  in  large 
part  overcome.  Further  refinement  is  introduced  by  separating 
resins  into  two  fractions,  “hard  resins”  and  “soft  resins”,  separate 
knowledge  of  which  possesses  essential  value  in  interpretation 
of  the  behavior  of  asphalts.  Briefly,  the  method  here  presented 
consists  in  precipitation  and  removal  of  (1)  the  insolubles  with 
hexane  at  25°  C.  (77°  F.),  (2)  the  hard  resins  with  a  solution  of 
cyclohexane-isobutyl  alcohol  at  37.8°  C.  (100°  F.),  (3)  the  waxes 
with  an  acetone-methylene  chloride  solution  at  0°  C.  (32°  F.), 
and  (4)  the  soft  resins  with  isobutyl  alcohol  at  37.8°  C.  (100°  F.). 
The  portion  soluble  in  isobutyl  alcohol  is  classed  as  “oils”. 

PROCEDURE 

Basis  of  analysis  is  a  10-  to  15-gram  sample,  although  if 
desired  smaller  equipment  and  more  accurate  weighings  will 
permit  the  procedure  to  be  followed  on  a  5-gram  sample  of 
asphalt.  With  10  to  15  grams,  weighings  on  the  sample  or  the 
fractions  derived  need  be  carried  out  to  only  within  0.01  gram. 

Volatile  Oils.  A  loss  by  evaporation  will  occur  during  the 
analysis  of  road  oils  or  asphalts  which  have  a  flash  point,  Cleveland 
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open  cup,  below  about  232°  C.  (450°  F.).  This  loss  can  be 
ported  as  such  or  the  volatile  oils  may  be  removed  prior  to 
analysis  by  a  vacuum  and/or  a  steam  distillation. 

Hexane-Insolubles.  The  sample  of  asphalt,  flux,  or 
is  weighed  into  a  3-liter  flask,  and  50  ml.  of  commercial  mi 
hexanes  are  added  per  gram  of  sample.  With  high-melt 
asphalts,  and  in  the  absence  of  efficient  mechanical  agitati 
heating  and  refluxing  of  the  solution  or  addition  of  the  aspl 
as  a  powder  is  necessary  to  disperse  the  material  in  a  reasons 
time.  (The  agitation  provided  by  a  Ro-Tap  sieve  shaker 
been  found  to  disperse  the  asphalts  rapidly.) 

The  solution  is  cooled  in  a  water  bath  for  1  hour  at  25° 
1°  C.  (77°  =*=  2°  F.)  and  filtered  twice,  with  suction.  The  f 
filtration,  which  removes  the  bulk  of  the  insolubles,  is  throi 
two  sheets  of  filter  paper,  such  as  a  Whatman  No.  50  on  top  ( 
Sargent  No.  500,  in  a  Buchner  funnel.  The  second  filtratioi 
through  a  No.  F  sintered-glass  Buchner  funnel.  After  each  fill 
tion,  the  insolubles  are  washed  with  the  minimum  quantity 
hexane  which  will  produce  clear  washings.  The  washings 
added  to  the  filtrate. 

The  final  filtrate  is  distilled  over  a  water  bath  until  ab 
150  ml.  of  solution  remain.  This  is  transferred  to  a  centrif 
bottle  (a  250-ml.  Pyrex  sterilizer  bottle  is  suggested)  which 
been  previously  weighed  to  the  nearest  0.01  gram.  The 
maining  hexane  is  evaporated,  with  removal  of  the  last  traces 
complished  under  reduced  pressure.  The  residue  is  weighed  ; 
the  insoluble  content  calculated. 

Hard  Resins.  To  the  residue  in  the  centrifuge  bottle 
weighed  a  solution  of  80%  isobutyl  alcohol-20%  cyclohex 
(by  volume)  equal  to  eight  times  the  weight  of  hexane-solub 
The  mixture  is  refluxed  for  15  minutes  with  occasional  shak 
to  hasten  solution.  Periodic  agitation  during  this  time  has  b 
found  necessary  to  obtain  reliable  results  on  resin  contc 
especially  in  the  analysis  of  asphalts  of  high  resin  cont< 
After  cooling  to  65.6°  ±  3°  C.  (150°  ±  5°  F.),  1.80  ml. 
an  isobutyl  alcohol  solution  coataining  2.0%  by  weight 
sodium  hydroxide  are  measured  from  a  buret  into  the  cen 
fuge  bottle  for  each  100  grams  of  80%  isobutyl  alcohol-2 
cyclohexane  solution  used  in  dissolving  the  petrolenes.  '. 
mixture  is  thoroughly  agitated,  cooled  in  a  water  bath  1 
at  37.8°  ±  0.5°  C.  (100°  =*=  1°  F.),  and  maintained  at  I 
temperature  for  at  least  5  minutes.  The  mixture  is  then  c 
trifuged  for  5  minutes  at  37.8°  =>=  1.5°  C.  (100°  ±  3°  F.). 

The  solution  of  oil,  wax,  and  soft  resins  is  quickly  decan 
from  the  centrifuge  bottle  through  a  Gooch  crucible  contain 
an  asbestos  mat  into  a  tared  250-ml.  Soxhlet  extraction  fli 
The  bottle  and  filter  are  rinsed  with  21  ml.  of  a  solution  of  8 
isobutyl  alcohol  and  20%  cyclohexane  by  volume  which 
been  heated  to  37.8°  C.  (100°  F.).  The  solvent  is  used 
three  7-ml.  portions.  Since  the  purpose  is  to  rinse  the  surfe 
free  of  solution  containing  oil,  wax,  and  soft  resins,  and 
further  to  extract  the  hard  resins,  this  operation  should  i 
be  carried  out  quickly.  The  last  portion  of  the  wash  solut 
which  cannot  be  decanted  is  pipetted  from  the  centrifuge  bot 

The  resinous  material  collected  in  the  Gooch  crucible  is  was 
into  the  centrifuge  bottle  with  hexane  or  light  solvent  napht 
The  solvents  are  distilled  from  the  bottle,  with  the  last  tri 
removed  under  reduced  pressure.  The  residue  is  reported 
hard  resins. 

The  oils,  waxes,  and  soft  resins  are  recovered  under  redu 
pressure  and  weighed  before  continuing  the  extraction. 

Waxes.  To  the  oil,  wax,  and  soft  resin  residue  are  ad> 
10  parts  by  weight  of  a  solvent  containing  1  volume  of  acet 
to  2  volumes  of  methylene  chloride.  After  as  complete  sc 
tion  as  is  possible  of  the  residue,  the  mixture  is  cooled  to  0° 
0.3°  C.  (32°  *  o.5°  F.).  The  precipitated  wax  is  removed 
filtering  under  slightly  reduced  pressure  through  a  WhatD 
No.  42  or  other  hard-surfaced  filter  paper  held  in  a  cold  fur 
maintained  at  0°  =±=  0.3°  C.  (32°  =*=  0.5°  F.).  The  addit 
of  dry  ice  to  hexane  or  other  light  solvent  provides  a  conveni 
method  of  maintaining  the  desired  temperature  in  the  c 
funnel.  Three  7-ml.  portions  of  the  dewaxing  solvent  at  0° 
(32°  F.)  are  used  to  wash  the  wax. 

The  wax  is  dissolved  from  the  filter  paper  with  hexane  i 
the  flask  in  which  the  precipitation  was  made  and  the  solv 
distilled  over  a  lamp  bank.  Final  trace  of  the  solvent  is  remo- 
under  reduced  pressure.  The  weighed  residue  is  reported 
wax. 

The  remainder  of  oil  and  soft  resin  solution  is  transferred  t 
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ed  centrifuge  bottle,  recovered  under  reduced  pressure,  and 
ighed  before  continuing  the  extraction. 

3ils  and  Soft  Resins.  To  the  residue  in  the  centrifuge 
fctle  is  added  isobutyl  alcohol  equal  to  six  times  the  weight 
the  oiLs  and  soft  resins.  The  mixture  is  refluxed  for  15  min¬ 
is.  After  cooling  to  65.6°  ±  3°  C.  (150°  =■=  5°  F.),  0.50  ml.  of 
isobutyl  alcohol  solution  containing  2.0%  by  weight  sodium 
droxide  is  measured  from  a  buret  into  the  centrifuge  bottle 
each  100  grams  of  isobutyl  alcohol  used.  The  cooling  and 
itrifuging  procedure  at  37.8°  C.  (100°  F.)  is  then  followed  as 
the  separation  of  the  hard  resins. 

The  oil  solution  is  decanted  from  the  centrifuge  bottle  through 
asbestos  mat  held  in  a  Gooch  crucible  into  a  weighed  extrac- 
n  flask.  The  centrifuge  bottle  and  filter  are  washed  with 
■ec  7-ml.  portions  of  isobutyl  alcohol  heated  to  37.8°  C. 

)0°  F.). 

The  residue  is  washed  from  the  crucible  with  hexane  into 
!  centrifuge  bottle.  The  solvent  is  distilled  from  the  centrifuge 
ttle  under  reduced  pressure  and  the  residue  reported  as  the 
•centage  of  soft  resins. 

The  oils  are  separated  from  the  solvent  under  reduced  pressure 
i  weighed,  or  if  their  recovery  is  not  desired  they  may  be  re-, 
rted  by  difference. 

Solvents.  Mixed  hexanes  (from  Phillips  Petroleum  Com¬ 
ay,  Special  Products  Division,  Bartlesville,  Okla.),  of  nil 
saturate  content,  and  with  an  initial  boiling  point  of  not  less 
in  54°  C.  (130°  F.)  and  a  dry  point  not  greater  than  71°  C. 
i0°  F.)  were  employed  to  precipitate  the  insolubles. 

The  isobutyl  alcohol  (from  Eastman  Kodak  Company, 
emical  Sales  Division,  Rochester,  N.  Y.),  Eastman  grade, 
led  in  the  range  of  105-108°  C.  (221-226°  F.). 

The  cyclohexane  (Eastman),  with  a  density  at  25°  (77°  F.) 
0.77  =t  0  .01  gram  per  ml.,  boiled  in  the  range  of  78-81°  C. 
'2-176°  F.).  While  the  Eastman  grade  was  preferred,  selected 
tches  of  the  practical  grade  were  found  to  give  essentially 
;  same  yields  of  hard  resins.  Use  of  other  batches  of  the 
ictical  grade  of  higher  density  lowered  the  yield  of  resins. 
The  methylene  chloride  (Eastman),  practical  grade,  boiled 
the  range  of  39-A3°C.  (102-109°  F.). 

The  acetone  (Eastman),  practical  grade,  boiled  in  the  range 
55-57°  C.  (131-135°  F.). 

Characterization  of  Recovered  Fractions.  Knowledge 
the  character  of  the  precipitated  fractions  is  of  importance 
relating  the  composition  to  properties  and  behavior  of  asphalts, 
eihods  which  may  be  followed  to  determine  the  refractive 
lex  and  specific  gravity,  and  to  calculate  the  specific  dispersion 
d  refractive  intercept  have  been  described  ( 6 ,  7). 

With  the  high-melting  hard  resin  fraction  difficulty  was  had 
reading  an  Abbe  refractometer.  An  approximate  procedure 
lowed  was  to  estimate  the  refractive  index  and  drum  reading 
r  blends  of  low-viscosity  lubricating  oils  and  the  resins,  and 
en  to  extrapolate  the  data  to  zero  oil  content. 

The  melting  point  of  the  wax  fractions  was  determined  by 
e  procedure  recorded  by  Knowles  and  Levin  (13). 

The  viscosity  of  the  oil  fractions  was  determined  with  micro- 
scometers  of  the  type  described  by  Cannon  and  Fenske  (5). 
Pour  points  of  the  oils  were  determined  in  an  8  X  50  mm.  test 
be  one-third  full  of  the  oil  fraction,  since  an  insufficient 
nount  of  this  fraction  was  available  for  filling  the  standard 
S.T.M.  tube.  The  test  tube  was  closed  by  a  cork  carrying  an 
.S.T.M.  cloud  and  pour  test  thermometer.  The  test  tube  was 
ted  through  a  stopper  into  a  standard  cloud  and  pour  point 
st  jar  and  the  annular  space  filled  with  a  light  lubricating  oil. 
he  assembly  was  heated  in  a  water  bath  to  about  49°  C.  (120°  F.), 
moved  to  a  standard  cooling  bath,  and  observation  made  as 
quired  by  the  procedure  described  under  A.S.T.M.  Designation 
97-39. 

Equipment.  The  arrangements  used  in  the  centrifuging  and 
Itering  of  wax,  and  in  the  evaporation  of  small  volumes  of 
ilvents,  are  discussed  only  for  the  sake  of  illustration.  Many 
lodifications  are  possible. 

A  G.E.  centrifuge,  Size  1,  Type  C,  was  heated  by  blowing  air 
irougb  an  opening  in  the  cover.  The  air  was  heated  by  passage 
ver  a  500-watt  electric  element  held  in  an  insulated  brass 
V’linder  9  cm.  in  inside  diameter  X  38  cm.  Cold  air  was  by- 
assed  into  the  heated  stream  to  maintain  the  temperature  of 
lie  air  leaving  the  centrifuge  through  the  bottom  drain  opening 
t  38.3°  C.  (101°  F.),  at  which  temperature  the  whirling  bottles 
rere  found  to  remain  at  37.8°  =*=  0.5°  C.  (100°  =*=  0.5°  F.). 
i'hen  temperature  of  the  outlet  air  rose  above  38.3°  C.  (101°  F.), 


slight  lifting  of  the  cover  of  the  centrifuge  was  found  to  admit 
sufficient  air  to  reduce  the  temperature  the  desired  extent. 
The  centrifuge  was  operated  at  about  1800  r.p.m. 

The  cold  funnel  was  constructed  from  the  upper  half  of  a 
carbon  disulfide  can,  12  cm.  in  inside  diameter  X  8.5  cm.  A  lip 
was  soldered  on  to  reduce  the  opening  of  the  can  to  a  diameter  of 
8  cm.,  leaving,  however,  a  notched-out  portion  for  the  introduction 
of  dry  ice  and  a  thermometer.  A  9-cm.  outside  diameter  glass 
funnel,  held  in  place  by  a  rubber  stopper  set  in  the  outlet  for  the 
can,  could  then  fit  tightly  to  the  lip  to  prevent  the  cooling  liquid 
from  splashing  into  the  funnel.  The  outside  of  the  can  was  in¬ 
sulated. 

A  lamp  bank  was  constructed  as  a  convenience  in  evaporat¬ 
ing  small  amounts  of  light  solvents,  as  hexane  and  the  wax 
precipitating  solvents.  Seventy-five-watt  light  bulbs  were 
enclosed  in  a  9.5-cm.  diameter  X  21-cm.  metal  cylinder,  pro¬ 
vided  with  a  screened  top  and  arranged  in  banks  of  4. 

DEVELOPMENT  OF  REVISED  PROCEDURE 

The  original  procedure  (6)  was  based  on  the  removal  of  the 
insolubles  with  pentane,  precipitation  of  the  total  resin  fraction 
at  54.4°  C.  (130°  F.)  with  isobutyl  alcohol,  and  separation  of  the 
waxes  from  the  oils  at  0°  C.  (32°  F.)  with  a  solvent  consisting 
of  60%  acetone  and  40%  methylene  chloride  by  volume.  These 
conditions  were  suitable  in  selectively  precipitating  fractions 
from  naphthenic-base  asphalts.  Trials  with  paraffin-base  asphalts 
of  high  wax  content  showed,  however,  that  an  appreciable  por¬ 
tion  of  the  wax  was  precipitated  along  with  the  resin  fraction. 
Two  obvious  changes  were  possible  to  improve  the  separation 
of  the  resin  and  wax  fractions.  Actually,  a  combination 
of  these  modifications  was  devised. 

The  solvent  used  to  precipitate  the  resin  fraction  could  be 
modified  to  become  a  better  solvent  for  wax,  providing  that  the 
resin  fraction  would  still  be  precipitated.  As  a  less  practical 
equivalent,  the  temperature  at  which  the  resins  were  precipitated 
54.4°  C.  (130°  F.)  could  be  raised. 

The  wax  could  be  precipitated  from  the  resin-wax-oil  mix¬ 
ture  if  a  dewaxing  solvent  with  a  high  solubility  for  resins  could 
be  found. 

Revision  of  Dewaxing  Procedure.  Many  of  the  un¬ 
settled  discussions  of  the  influence  of  wax  on  service  behavior 
of  asphalts  are  the  result  of  the  wide  range  of  properties  exhibited 
by  hydrocarbons  which  can  properly  be  included  under  the 
descriptive  term  “wax”.  The  determined  wax  content  of  a 
given  asphalt  can  vary  greatly,  dependent  on  the  method  em¬ 
ployed  in  the  determination.  Both  types  of  paraffins,  those 
which  are  solid  or  liquid  at  ordinary  temperatures,  or  only  the 
higher  melting  compounds  may  be  recovered.  A  selection  of 
conditions  which  will  precipitate  the  fraction  most  informative 
of  the  composition  and  behavior  of  asphalts  is  desirable.  Some 
of  the  phenomena  are  listed  below  which  led  to  the  belief  that 
knowledge  of  only  the  higher  melting  waxes  would  usually  be  of 
greater  importance. 

Blown  asphalts  from  a  fight  Arkansas  asphalt,  flux  A,  were 
about  30  points  higher  in  penetration  at  25°  C.  (77°  F.)  than  an 
asphalt  of  the  same  melting  point  blown  from  another  fight 
Arkansas  asphalt,  flux  B.  Determinations  on  both  fluxes  at 
—  17.8°  C.  (0°F.) yielded  16%ofawaxliquidatroom temperature. 
On  the  other  hand,  determinations  at  0°  C.  (32°  F.)  by  the 
method  described  herein  showed  flux  B  to  contain  3.0%  and 
flux  A,  10.5%  of  a  wax  solid  at  room  temperature.  The  con¬ 
tents  of  the  hexane-insolubles  and  the  resins  from  the  blown  as¬ 
phalts  of  both  fluxes  were  very  nearly  identical.  The  higher 
content  of  high  melting  wax  of  flux  A  was  apparently  effective 
in  decreasing  the  homogeneity  of  the  asphalt,  thereby  raising 
the  penetration. 

As  another  effect,  the  blown  asphalt  from  flux  A,  which  has 
a  distinctly  “waxy”  appearance,  stained  paper  to  a  dark  olive 
color,  whereas  the  blown  asphalt  from  B  was  normal  in  ap¬ 
pearance  and  did  not  stain  paper. 

Experiences  with  poor  adhesion  and  the  noncuring  of  road 
oils  have  also  pointed  to  the  content  of  high-melting  waxes 
as  of  greater  importance  than  the  total  paraffin  content.  It  is 
thought  that  as  the  oil  fraction  becomes  heavier  during  service 
the  higher  melting  waxes  are  precipitated  to  form  a  nonhomo- 
geneous  and  noncohesive  binder.  Road  oils  of  this  type  that 
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Table  I.  Dewaxing  Trials  with  Various  Solvents 


Blank  on  Cylinder  Stock" 


Dewaxing  Solvent 

Solvent  ratio 

Temp,  of  ppt. 

Cylinder 

stock 

insoluble 

G./g.  cylinder 
stock 

°  C. 

°  F. 

% 

Methyl  isobutyl  ketone 

22.8 

-17.8 

0 

4.3 

Methyl  isobutyl  ketone 

23.0 

0.0 

32 

1.2 

35%  acetone, 

65%  benzene 

10.1 

0.0 

32 

2.5 

60%  acetone, 

40%  methylene  chloride 

9.9 

0.0 

32 

64.5 

50%  acetone, 

50%  methylene  chloride 

9.9 

0.0 

32 

47 . 5 

33 . 3%  acetone, 

66.7%  methylene  chloride 

10.0 

0.0 

32 

1.0 

a  Refractive  index  at  50°  C.  (/i5!?)  =  1.512.  b  Proportions  given  by  volume 


✓ - Determination  on  40%  Wax-60%  Cylinder  Stock  Blends 


Solvent 

ratio 

Temp,  of  ppt. 

Wax 

found 

Wax 

found 

less 

blank 

Error 

Refrai  , 
ind< 

of  vr: 

„S.  L 

G./g.  blend 

°  c. 

°  F. 

% 

% 

% 

23.5 

-17.8 

0 

39.1 

34.8 

5.2 

1.48 

23.4 

0.0 

32 

26.9 

25.7 

14.3 

1.48 

10.0 

0.0 

32 

25.9 

23.4 

27.0 

1.49 

10.0 

10.0 

50 

76.0 

1.48 

9.6 

10.0 

50 

68.2 

1.48 

10.0 

0.0 

32 

39.1 

38. 1 

1.9 

1.47  ; 

fail  to  set  often  reduce  by  the  A.S.T.M.  method  to  a  100  pene¬ 
tration  residue  that  is  grainy,  noncohesive,  and  waxy  in  ap¬ 
pearance. 

With  these  effects  of  waxes  in  mind  it  was  decided  to  include 
with  the  oil  fraction  that  portion  of  the  paraffin  fraction,  which 
is  liquid  at  ordinary  temperatures.  The  properties  of  this 
fraction  would  probably  be  sufficiently  unique  to  be  reported 
separately.  However,  this  would  introduce  an  additional  com¬ 
plexity  in  the  method  which  should  not  generally  be  necessary, 
since  the  average  properties  of  the  oils  can  be  indicated  by  physi¬ 
cal  measurements,  such  as  specific  dispersion.  However,  if  the 
composition  is  to  be  determined  in  connection  with  a  study  of  the 
properties  of  the  asphalt  at  low  temperatures,  it  seems  likely  that 
more  exact  knowledge  of  the  content  of  the  lower  melting  paraf¬ 
fins  would  be  important,  since  at  low  temperatures  these  would 
presumably  also  be  solid  in  the  asphalt.  In  such  a  case,  separa¬ 
tion  could  be  accomplished  by  further  dewaxing  of  the  oils,  or 
the  wax  could  be  precipitated  by  the  procedure  recommended 
herein  but  at  a  temperature  lower  than  0°  C.  (32°  F.) 

_  Selection  of  Dewaxing  Solvent.  Relatively  few  solvents  have  been 
discussed  in  the  literature  with  regard  to  their  selective  solubility 
for  highly  resinous  oils  and  for  high-melting  petrolatum  waxes. 
Usually  the  solvents  have  been  investigated  and  classified  accord¬ 
ing  to  their  solubility  for  a  dewaxed  refined  oil  and  refined  paraffin. 
An  exception  is  the  acetone-methylene  chloride  solutions  used 
in  separating  waxes  from  petroleum  and  its  lubricating  fractions 
(11).  Acetone-benzene  solutions  are  also  used  commercially  to 
dewax  untreated  lube  oil  stocks  (12).  Hexone  (methyl  isobutyl 
ketone)  has  been  reported  to  be  satisfactory  for  the  quantita¬ 
tive  dewaxing  of  propane-soluble  heavy  lube  oils  (13). 

The  results  of  dewaxing  trials  with  these  three  solvents,  all 
of  which  have  properties  suitable  for  laboratory  dewaxing  pro¬ 
cedures,  are  shown  in  Table  I.  The  heavy  cylinder  stock  of 
245  seconds  Saybolt  Universal  viscosity  at  98.9°  C.  (210°  F.) 
used  in  the  trials  was  obtained  by  propane-deasphaltizing  an 
asphaltic  flux.  Wax  was  recovered  from  a  portion  of  the  stock 
by  dewaxing  at  —17.8°  C.  (0°  F.)  with  4  volumes  of  a  solvent 
containing  35%  acetone  and  65%  benzene  by  volume.  The 
recovered  wax  was  reprecipitated  at  —17.8°  C.  (0°  F.),  using  10 
volumes  of  solvent  to  1  volume  of  wax,  and  then  cleaned  by  mild 
acid  and  clay  treatment.  The  final  wax  with  a  refractive  index 
at  50°  C.  (122°  F.)  of  1.478  melted  at  63.3°  C.  (146°  F.). 

Results  indicate  that  of  the  three  best  solvents  for  the  cylinder 
stocks,  the  33.3%  acetone-66. 7%  methylene  chloride  solution 
recovered  the  wax  at  0°  C.  (32°  F.)  with  the  smallest  error. 
The  refractive  index  of  the  wax  precipitated  by  this  solvent  was 
the  same  as  that  of  the  wax  added  to  the  cylinder  stock,  showing 
that  no  resinous  material  was  precipitated  from  the  heavy7 
cylinder  stock. 

Content  of  High  Melting  Waxes  in  Petrolatum.  Two  petro¬ 
latums  were  dewaxed  at  0°  C.  (32°  F.)  with  various  ratios  of  the 
33.3/66.7%  acetone-methylene  chloride  solvent.  The  properties 
of  the  petrolatums,  the  variation  in  wax  content  with  solvent 
ratio,  and  the  properties  of  the  separated  wax  and  oils  are  given 
in  Table  II.  The  results  are  believed  to  be  indicative  of  the 
variation  which  would  be  expected  in  wax  recovery  from  an 
asphalt  with  a  change  in  solvent  ratio.  This  is  especially  so 


since  petrolatums  I  and  II  were  derived  from  residual  oils  a 
therefore,  contained  the  high-melting  waxes  normally  presen' 
asphalts. 

The  variation  in  wax  content  with  the  solvent  ratio,  calcula  i 
from  the  weights  of  solvents  used  and  wax  found,  is  she  i 
graphically  by  Figure  1.  The  content  of  wax  precipitated 
ratios  above  80  decreases  only  slightly  with  increase  in 
ratio.  Since  in  the  usual  asphalt  analysis  the  ratio  of  the  £ 
tone-methylene  chloride  solvent  to  the  determined  wax  cont 
is  near  or  above  100,  the  type  and  amount  of  wax  recove 
should  be  essentially  independent  of  the  exact  ratio  establish 
by  the  procedure. 

The  oils  recovered,  which  at  the  higher  ratios  represente 
substantial  portion  of  the  petrolatum,  were  highly  paraffinic, 
shown  by  refractive  indices.  However,  for  reasons  previoi 
discussed,  it  is  believed  that  these  oils  properly  belong  in  the 
fraction  because  of  their  liquid  character  at  ordinary  tempi 
tures.  Dewaxing  at  0°  C.  (32°  F.)  with  the  acetone-methyl 
chloride  solvent  thus  appeared  to  be  satisfactory  for  the  purp 
in  mind. 

Modification  of  Solvent  to  Precipitate  Resin  Fr 
tion.  Since  the  results  with  the  acetone-methylene  chlor 
solvent  (Table  I)  had  indicated  that  the  wax  determi 
tion  could  be  run  on  a  highly  resinous  stock  without  coprecipi 
tion  of  the  resins,  a  solvent  to  increase  the  solubility  of  wa 
could  be  added  to  the  precipitant  for  resins.  Two  solvei 
toluene  and  cyclohexane,  which  boil  in  the  desired  range  i 
are  fairly  good  solvents  for  wax,  were  blended  with  the  isobu 


Figure  1.  Dewaxing  of.  Petrolatums  at  0°  C.  (32°  F.) 
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>hol.  Precipitations  were  completed  with  the  alcohol 
rents  on  asphalts  from  which  the  pentane-insolubles  had 
viously  been  precipitated. 

'he  contents  of  resins  obtained  are  shown  in  Table  III.  Since 
resin  content  determined  according  to  the  original  procedure 
been  51  and78%on  the  blended  asphaltand  flux,  respectively, 
reduction  in  yield  upon  adding  the  toluene  or  the  cyclohexane 
very  marked.  Nevertheless,  the  wax  precipitated  at  0°  C. 
3  F.)  with  the  acetone-methylene  chloride  dewaxing-solvent 
a  refractive  index  low  enough  to  indicate  but  little  resin 
tamination.  The  wax  recovery  was  slightly  higher  from  the 
resin-oil-wax  mixtures  soluble  in  the  toluene-isobutyl 
ihol  solvents,  but  the  wax  was  lower  in  melting  point. 


jlubilities  op  Petrolatum.  The  solubilities  of  petrolatum 
he  cyclohexane-  and  toluene-isobutyl  alcohol  solvents  and 
lentane  and  hexane  are  shown  by  Table  IV.  The  two 
olatums  used  in  the  trials  were  the  same  as  previously  de- 
)ed,  and  their  properties  are  given  in  Table  II.  The  ratios 
dvents  to  waxes  were  selected  to  correspond  to  ratios  which 
nally  occur  during  separation  of  the  fractions  from  asphalts 
>rding  to  the  procedure  developed  herein.  Column  5  lists 
olated  concentrations  of  wax  in  an  asphalt  which  would 
espond  to  these  ratios.  For  the  trials  with  the  isobutyl 
hoi  solutions  the  calculations  were  based  upon  an  asphalt 
aining  15%  of  insolubles  and  the  use  of  8  parts  by  weight 
flvent  per  part  of  insoluble  free  asphalt, 
he  solubility  of  the  petrolatums  was  found  to  be  appreciably 
■r  in  pentane  than  in  hexane.  Consequently,  hexane  in- 
d  of  pentane  was  adopted  to  determine  the  insoluble  content, 
he  solubility  of  petrolatum  I  in  the  isobutyl  alcohol  solu- 
3  was  high,  above  98%.  Petrolatum  II,  of  higher  melting 
t,  was  less  soluble,  with  92%  dissolved  at  a  solvent  ratio 
valent  to  that  in  an  asphalt  containing  7.3%  of  wax.  No 
•eciable  increase  in  solubility  of  II  was  found  upon  increasing 
cyclohexane  content  of  the  isobutyl  alcohol  from  20  to  22.5% 
lbstituting  20%  of  toluene  for  the  cyclohexane. 

'ith  92%  solution  of  petrolatum  II  the  wax  content  found 
Id  be  6.4%  instead  of  the  correct  value  of  7.3%.  The  other 
ion,  0.9%,  of  wax  would  be  partially  precipitated  by  the 
me,  the  remainder  with  the  hard  resins.  Since  the  solu- 
y  of  wax  would  be  increased  during  actual  analyses  by  the 
ence  of  resins  and  oils  in  the  solvent,  it  was  decided  that  fur- 
studies  could  best  be  made  on  asphalts  containing  known 
ents  of  wax.  Also,  as  described  below,  the  use  of  an  aqueous 
lonia  solution  as  a  flocculent  for  the  resins  was  discontinued 


with  a  probable  increase  in  solubility  for  wax  in  the  isobutyl  al¬ 
cohol  solutions. 

Precipitation  of  Resins.  Addition  of  Cyclohexane  to  Iso¬ 
butyl  Alcohol.  Cyclohexane  was  selected  in  preference  to  toluene 
for  addition  to  the  isobutyl  alcohol.  The  addition  of  20%  by 
volume  improved  the  solvency  of  the  alcohol  for  wax  to  about 
the  same  extent  as  did  toluene.  A  definite  advantage  was  the 
precipitation  of  a  larger  fraction  of  resins  by  the  cyclohexane 
solution,  as  shown  by  data  of  Table  II.  Unless  the  resin  frac¬ 
tion  represents  aboul  10%  or  more  of  the  asphalt,  character¬ 
ization  tests  are  difficult  and  changes  in  the  fraction  which  occur 
in  service  or  processing  cannot  readily  be  followed.  The  lower 
boiling  point  of  cyclohexane  would  also  make  easier  the  removal 
of  the  last  traces  of  solvent. 

Separation  of  Soft  Resins.  Since  addition  of 
cyclohexane  to  the  isobutyl  alcohol  markedly 
increased  the  solvency  of  the  alcohol  for  resins, 
the  fraction  of  the  asphalt  remaining  after 
dewaxing  would  be  highly  resinous.  A  further 
separation  of  resins  from  the  oils  was  indicated. 
Preliminary  trials  showed  that  precipitation  at 
37.8°  C.  (100°  F.)  with  isobutyl  alcohol  removed 
a  large  part  of  the  remaining  resin  fractions. 
To  distinguish  between  the  two  resin  fractions, 
the  precipitate  formed  with  the  20%  cyclo- 
hexane-80%  isobutyl  alcohol  solution  was 
designated  as  hard  resins,  and  the  precipi¬ 
tate  with  the  isobutyl  alcohol,  soft  resins. 

Precipitating  Agents  for  Resin  Fractions. 
With  the  change  from  pentane  to  hexane  to 
remove  the  insolubles,  difficulty  was  found  in 
precipitating  the  hard  resins  when  ammonium 
hydroxide  was  used  as  the  flocculent.  In¬ 
complete  settling  of  the  resins  was  obtained 
even  after  prolonged  centrifuging.  With  the 
use  of  hexane  a  fraction  was  apparently  shifted 
from  the  insolubles  to  the  hard  resins  which 
was  very  difficult  to  flocculate.  An  increase  in  the  concentration 
of  ammonium  hydroxide  was  not  desirable,  since  additional 
water  to  lower  the  solubility  of  wax  would  then  be  present. 
Consequently,  other  agents  were  tried.  A  chemical  used  to 
break  crude  oil-water  emulsions,  Visco  242A,  and  a  wetting 
agent,  Aerosol  OT  100%,  were  unsuccessful.  Sodium  hydroxide 
in  a  concentration  of  0.03%  by  weight  in  the  cyclohexane- 
isobutyl  alcohol  solution  was  found  to  settle  the  hard  resin  frac¬ 
tion  rapidly.  The  addition  of  0.01%  of  sodium  hydroxide  to  the 
isobutyl  alcohol  solution  was  sufficient  to  flocculate  the  soft  resin 
fraction.  The  added  caustic  is  probably  precipitated  with  the 
wax  fraction  and  in  the  average  analysis  would  increase  the 
percentage  of  wax  by  about  0.2%. 

ANALYSIS  OF  ASPHALTS 

Asphalts  of  High  Petrolatum  Content.  The  recovery 
obtained  of  fractions  from  asphalts  to  which  known  amounts 
of  high-melting  petrolatum  had  been  added  is  shown  by  Table  V. 
The  calculated  compositions  of  the  asphalts  as  given  are  based 
upon  determined  compositions  of  the  asphalt  blanks  and  of  the 
oil  and  wax  contents  of  the  added  petrolatum.  The  wax  con¬ 
tents  of  the  petrolatums  were  selected  from  the  graph  of  Figure 
1  at  the  actual  dewaxing  ratio  employed  in  the  analysis,  rather 
than  by  assigning  an  average  wax  content  to  the  petrolatum  at 
an  average  solvent  ratio.  The  difference  between  the  calculated 
and  experimental  contents  of  wax  in  the  asphalts  then  is  a  direct 
measure  of  the  recovery  of  wax  from  the  asphalt  and  does  not 
include  the  effect  of  change  in  dewaxing  solvent  ratio.  Actually, 
unless  the  wax  content  is  high,  above  about  8%,  the  ratio  is  in 
the  range  wherein  a  change  will  have  only  a  slight  effect  on  wax 
recovery.  Four  asphalts  listed  in  Table  V,  which  contained 


Table  II.  Wax  Content  of  Petrolatum  at  0°  C.  (32°  F.) 

(At  various  ratios  of  33.3%  acetone-66. 7%  methylene  chloride  solvent) 
lerties  of  petrolatum 


elting  point,  °  C. 
elting  point,  0  F. 
ensity  at  65°  C.,  g./ml. 
■tractive  index  at  65°  C.(n  if ) 
ecific  dispersion 
tractive  intercept 
nd  wax  content  of  petrolatum 
itio  of  solvent  to  petrolatum, 
by  wt. 

itio  of  solvent  to 
by  wt. 

Wax  found,  %■ 

Oil  found,  % 


I 

62.0 

143.5 

0.842 

1.466 

99 

1.044 


II 

72.5 

162.5 

0.834 

1.464 

99 

1.047 


erties  of  wax 
Tractive  index 
elting  point,  ° 
elting  point,  ° 
erties  of  oil 


ur  point,  0  C. 
ur  point,  °  F. 
ipearance  of  oil 


10  25 

52 

10 

25 

66 

■  wax  found, 

14.5  49 

118 

11.5 

32 

103 

69  51 

44 

87 

78 

64 

31  49 

56 

13 

22 

36 

Total 

100  100 

100 

100 

100 

100 

65° 

C.  (»d8  ) 

1.470  1.462 

1.461 

1.468 

1.464 

1.462 

67.2 

68.9 

75.0 

75.0 

153  156 

167 

167 

25° 

C.  («SD5) 

1.487  1.485 

1.483 

1.494 

1.491 

1.486 

12.8 

15.7 

21.1 

26.7 

55 

60 

70 

80 

Reddish 

Reddish 

Very 

Very 

brown 

brown 

dark 

dark 

brown 


brown 
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Table  III.  Resin  Precipitating  Trials  with  Various  Solvents 


Asphalt 

Resin  Precipitating® 
Solvent 

Ratio  of 
Solvent 
Added  *> 

Temp,  of  Ppt. 

Hard 

Resins 

Found 

Wax 

Added 

Plus 

Blank 

Wax 

Found 

Melting  Point 

Refractive 
Index 
of  Wax, 
n  d 

Blended 

15%  toluene 

85%  isobutyl  alcohol 

8 

°  C. 

37.8 

o  F. 

100 

% 

12.1 

% 

7.8 

% 

7.6 

°  C. 

54.4 

o  p 

130 

1.482 

Blended 

20%  toluene 

80%  isobutyl  alcohol 

8 

37.8 

100 

6.0 

7.8 

8.4 

55.0 

131 

1.482 

Blended 

20%  cyclohexane 

80%  isobutyl  alcohol 

8 

37.8  . 

100 

15.8 

7.8 

7.4 

62.2 

144 

1.489 

Flux 

20%  cyclohexane 

80%  isobutyl  alcohol 

6.8 

37.8 

100 

11.4 

8.0 

65.6 

150 

1.487 

Flux 

20%  cyclohexane 

80%  isobutyl  alcohol 

6.8 

40.6 

105 

8.3 

7.6 

66.1 

151 

1.484 

“  Proportions  given  by  volume. 

&  Wt.  of  solvent  divided  by  wt.  of  pentane-insoluble  free  asphalt. 


from  10.9  to  14.3%  of  wax,  were  dewaxed  at  solvent  ratios  of 
from  about  70  to  40,  respectively.  If  calculated  values  for  wax 
had  been  based  on  an  assumed  ratio  of  100,  the  values  would 
have  been  lower  by  0.7  to  1.5%,  respectively.  Then  com¬ 
parisons  with  the  experimental  values  would  have  shown  the 
recovery  of  wax  higher  than  was  actually  the  case. 

An  average  difference  of  +0.4%  was  found  between  the  cal¬ 
culated  and  experimental  values  for  hexane-insolubles,  with  a 
maximum  difference  of  1.8%.  The  larger  differences  were  shown 
in  analysis  of  asphalts  to  which  petrolatum  II  had  been  added. 
Precipitation  of  waxes  probably  occurred.  The  average  wax 
content  of  the  asphalts  was  high,  9.7%,  and  solubility  trials 
(Table  IV)  had  shown  that  petrolatum  I  or  II  would  not  be 
completely  soluble  in  hexane  at  such  concentrations.  Also, 
possibly,  the  weight  of  insolubles  precipitated  was  increased  be¬ 
cause  of  the  increased  paraffinieity  of  the  hexane-asphalt  solu¬ 
tion,  owing  to  the  large  weight  of  petrolatum  contained  in  the 
asphalt.  This  effect  should  be  small,  however,  because  of  the 
large  volumes  of  hexane  used. 

The  recovery  of  resins  from  the  petrolatum-asphalt  blends 
was  higher  by  an  average  of  1.8  and  2.4%  than  that  calculated 
for  the  hard  and  soft  resins,  respectively.  The  increase  in  these 
fractions  could  be  due  to  copreeipitation  of  waxes  from  the 
petrolatums  and/or  to  precipita¬ 


greater  solubility  for  paraffins , 
using  isobutyl  alcohol  contain  i 
5  and  10%  of  cyclohexs 
analyses  8  and  9  of  Table  V, . 
spectively.  The  yield  of  re : 
was  again  greater  than  calcula ! 
by  about  the  same  amount,  wt 
should  not  have  been  the  c 
if  paraffins  were  precipitated. 

Some  resin  contamination 
the  wax  was  indicated  by 
values  for  specific  dispers 
which  were  greater  than  1 
The  melting  points  of  the 
covered  wax,  with  one  excepti 
did  not  agree  with  those  of 


added  wax.  Melting  points  on  five  of  the  recovered  waxes  w 
lower  by  3°  to  12°  C.  (5°  to  22°  F.),  while  on  three  the  values  v. 
greater  by  more  than  13°  C.  (24°  F.).  The  lowering  of  melt 
points  of  the  waxes  is  probably  caused  by  the  previous  precip: 
tion  of  a  small  portion  of  higher  melting  waxes  with  the  insolul 
and  hard  resins  and  by  the  presence  of  minor  amounts  of  resins  i 
oils  in  the  waxes.  The  increase  in  melting  point  of  three  of 
waxes  could  possibly  be  attributed  to  coprecipitation  of  very  hi 
melting  resins.  However,  an  analysis  of  blended  asphalt  A  c 
taining  16  2  grams  of  petrolatum  I  per  100  grams  of  asphalt  u 
precipitation  of  the  wax  at  —6.7°  C.  (23°  F.)  did  not  show  an 
creased  precipitation  of  resins:  A  yield  of  9.0%  of  a  wax  wit 
specific  dispersion  value  of  111  and  melting  at  64°  C.  (147° 
was  obtained.  Maintaining  of  a  dewaxing  temperature  of  0° 
(32°  F.)  or  above  is  thus  apparently  not  critical  in  so  far 
precipitation  of  resins  with  wax  is  concerned. 

Accuracy.  The  differences  between  the  calculated  and 
perimental  values,  shown  in  Table  V,  are  low  for  a  method 
pendent  upon  batch  solvent  separations.  Since  there  is 
definite  dividing  line  between  the  resins  and  oils,  the  differen 
shown  are  not  of  great  significance  except  to  indicate  that  v. 
asphalts  of  high  wax  content  there  is  a  shift  in  the  line  of  sepa 
tion.  The  accuracy  of  recovery  of  the  insolubles  and  wa 
is  sufficiently  high  for  most  studies  which  might  be  made 


tion  of  fractions  wider  in  mo¬ 
lecular  weight  range  because  of 
the  greater  paraffinieity  of  the 
precipitating  mixture  caused  by 
the  high  petrolatum  content. 
Thus,  a  portion  of  the  soft  resins 
would  be  precipitated  with  the 
hard  resins  and  a  portion  of  the 
higher  molecular  weight  oils  with 
the  soft  resins. 

Since  the  recovered  wax  ac¬ 
counted  for  about  93%  of  the 
calculated  wax  values,  and  an 
additional  4%  was  presumably 
precipitated  with  the  hexane- 
insolubles,  it  was  evident  that 
the  paraffinieity  of  the  dcresinat- 
ing  solvents  was  largely  responsi¬ 
ble  for  the  increased  yield  of  hard 
resins.  With  the  soft  resins 
there  was  a  possibility  that  some 
of  the  large  content  of  paraffinic 
oils  contained  in  the  added 
petrolatum  were  precipitated  by 
the  isobutyl  alcohol  at  37.8°  C. 
(100°  F.).  As  an  indirect  check, 
recovery  of  the  soft  resins  was 
made  with  solvents  having 


Table  IV. 

Solubility  of  Petrolatum  in  Various  Solvents 

Calculated 

Wax  Content 

Ratio  Solvent  of  Asphalt 

to  Wax  Based  on 

Ratio  Solvent  Content  of  Solvent-Wax 

Petrolai 

Foun 

Solvent® 

Petrolatum 

to  Petrolatum 
Ml./ a. 

Petrolatum 

Ml./g. 

Ratios 

% 

Temp,  of  Test 
°  C.  °  F. 

Solub: 

% 

Pentane 

I 

686 

1560 

3.2 

25 

77 

100. ( 

Pentane 

1 

344 

784 

6.4 

25 

77 

98. ( 

Pentane 

II 

1280 

2000 

2.5 

25 

77 

95.! 

Pentane 

II 

439 

685 

7.3 

25 

77 

93.: 

Hexane 

I 

686 

1560 

3.2 

25 

77 

100.0 

Hexane 

I 

344 

784 

6.4 

25 

77 

99.1 

Hexane 

II 

1280 

2000 

2.5 

25 

77 

99.1 

Hexane 

20%  cyclohexane 

II 

439 

G./g. 

685 

G./g. 

7.3 

25 

77 

94.! 

80%  isobutyl  alcohol 
20%  cyclohexane 

I 

93.4 

212 

3.2 

37.8 

100 

99.! 

80%  isobutyl  alcohol 
20%  cyclohexane 

I 

46.7 

106 

6.4 

37.8 

100 

98.! 

80%  isobutyl  alcohol 
20%  cyclohexane 

II 

174 

272 

2.5 

37.8 

100 

96.; 

80%  isobutyl  alcohol 
22.5%  cyclohexane 

II 

59.6 

93.1 

7.3 

37.8 

100 

92. f 

77.5%  isobutyl  alcohol 
22.5%  cyclohexane 

I 

93.4 

212 

3.2 

37.8 

100 

99. C 

77.5%  isobutyl  alcohol 
22.5%  cyclohexane 

I 

46.7 

106 

6.4 

37.8 

100 

99. ( 

77.5%  isobutyl  alcohol 
22.5%  cyclohexane 

II 

174 

272 

2.5 

37.8 

100 

96. ( 

77.5%  isobutyl  alcohol 
20%  toluene 

II 

59.6 

93.1 

7.3 

37.8 

100 

92.1 

80%  isobutyl  alcohol 
20%  toluene 

I 

80.8 

184 

3.7 

37.8 

100 

99. f 

80%  isobutyl  alcohol 

II 

114 

179 

3.8 

37.8 

100 

94.7 

a  To  all  isobutyl  alcohol-solvent  blends  0.25%  by  volume  of  27%  NH4OH  solution  was  added, 
used  as  flocculator  for  resins  in  original  procedure. 

This  solution  ’ 

y,  1944 
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Table  V.  Recovery  of  Fractions  from  Asphalts  Containins  Added  Petrolatum 

(Results  based  on  average  values  from  two  duplicate  determinations) 

Difference  between  Calculated  and 

Petrolatum  - - Calculated  Values - ,  Determined  Values  M. 

P.  of 

M. 

P.  of 

Specific 
Dispersion 
of  Wax 
Found 

Asphalt 

Type 

Added 

G./100 

0 . 

asphalt 

H.I. 

H.R. 

S.R.  O. 

G./ 100  g. 

W. 

H.I. 

H.R. 

S.R. 

GJ 100  g. 

O. 

W 

Added  Wax 

°  C.  °  F. 

Wax 

°  C. 

Found 

o  Jr. 

X  10* 

Blended  A 

I 

16.2 

9.5 

16.6 

33.2 

33.5 

7.2 

+0.1 

+  3.0 

+  2.9 

-5.4 

-0.3 

69 

156 

82  + 

180  + 

120 

Blended  B 
Paving,  98 

II 

12.9 

9.3 

13.1 

35.9 

33.7 

8.0 

+  1.1 

-0. 1 

+  1.7 

-2.3 

-0.4 

75 

167 

75 

167 

109 

penetration 
Paving,  98 

I 

29.1 

11.3 

30.0 

22.2 

22.1 

14.3 

+0.9 

+3.5 

+  4.1 

-6.6 

-2.1 

67 

152 

60 

141 

130 

penetration 
Oxidized  light0 

II 

17.7 

12.4 

33.0 

24.4 

16.0 

14.3 

+  1.8 

+3.0 

-0.1 

-3.2 

-1.9 

75 

167 

64 

148 

128 

flux 

Gulf  Coast  SC- 

I 

12.8 

30.6 

8.1 

16.0 

37.6 

7.7 

-0.3 

+  1.8 

+  3.1 

-4.0 

-0.7 

68 

155 

65  • 

149 

105 

6  road  oil 
Mexican  SC-6 

I 

29.1 

11.8 

7.1 

10.4 

57.3i> 

10.9 

-0.2 

-0.7 

+4.3 

-4.0 

-0.2 

68 

155 

61 

141 

117 

road  oil 

II 

17.7 

16.0 

10.3 

9.9 

50. 3e 

11.8 

+0.6 

+  1.4 

-0.2 

-2.7 

+0.5 

75 

167 

63 

145 

128 

Blended  A 

I 

16.2 

9.9 

16.2 

27.8 

39.7 

6.4 

-0.5 

+  2.1 

+  2.1 

-3.4 

-0.4 

69 

156 

82  + 

180  + 

118 

Blended  A 

1 

16.2 

9.5 

16.5 

20.8  46.3  6.8 

Av.  difference 

0.0 

+0.4 

+  2.0 
+  1.8 

+  3.6 
+2.4 

-4.1 

-4.0 

-0.5 

-0.7 

69 

156 

82  + 

180  + 

119 

S.P.  (R.  and  B.)  95°  C.  (203°  F.),  penetration  at  25°  C.  (77°  F.)  23. 

Loss  of  volatile  oils  by  evaporation  during  analysis,  2.5%. 

Loss  of  volatile  oils  by  evaporation  during  analysis,  1.7%. 

Blend  of  5%  cyclohexane,  95%  isobutyl  alcohol  by  vol.  used  to  ppt.  soft  resins. 
Blend  of  10%  cyclohexane,  90%  isobutyl  alcohol  by  vol.  used  to  ppt.  soft  resins. 


Table  VI.  Precision  of  Method 

nation  from  average  of  two  determinations  run  on  60  different  samples 
of  asphalts,  grams  per  100  grams  of  original  Bample) 


Average 

Maximum 

Percentage  of  Samples 
on  Which  Deviation 
Was  Greater  than 

Deviation 

Deviation 

±0.50 

txane-insolublee 

±0.28 

±0.9 

20 

ard  resins 

±0.31 

±1.1 

15 

ift  resins 

±0.32 

±1.2 

23 

is 

±0.31 

±1.2 

23 

axes 

±0.28 

±0.9 

17 

ialt.  An  exception  would  be  if  knowledge  of  the  melting 
its  of  the  wax  fraction  were  important.  Then  other  methods 
gned  only  for  the  determination  of  waxes  should  be  followed, 
i  as  those  dependent  upon  the  resin  adsorption  by  clay  {16), 
he  removal  of  the  resins  by  acid  or  aluminum  chloride  (4),  or 
iropane  {IS). 

recision.  Deviations  shown  by  results  of  duplicate  de- 
linations  on  59  asphalts  derived  from  Venezuelan,  Mexican, 
fornia,  Gulf  Coast,  and  various  Mid-Continent  crudes 
refined  Trinidad  asphalt  are  given  in  Table  VI.  The  as- 
Its  ranged  from  road  oils  through  penetration  grades  to  blown 
lucts  melting  (ring  and  ball)  at  104°  C.  (220°  F.).  One 
ked  road  oil  was  included;  other  asphalts  showed  a  nega- 
spot  when  tested  by  the  Oliensis  unmodified  procedure  (3). 
he  average  deviations  were  near  ±0.3  for  each  of  the  five 
tions,  and  for  about  80%  of  the  samples  the  results  did  not 
iate  from  the  average  by  more  than  ±0.50  gram  per  100 
ns  of  samples.  The  maximum  deviation  for  all  fractions 
,  on  an  average,  ±1.1  grams  per  100  grams  of  sample.  Thus, 
i  two  determinations  on  a  sample  the  average  is  likely  to  be 
ise  to  within  ±0.50  gram  and  with  three  determinations 
average  will  probably  be  within  ±0.3  gram  per  100  grams  of 
pie. 


Comparison  of  Wax  Contents.  The  methylene  chloride - 
acetone  dewaxing  solvent  was  found  to  precipitate  contents  of 
waxes  intermediate  between  those  obtained  by  the  Holde  {9,  cf.  1) 
and  the  U.O.P.  {16)  methods,  as  shown  by  data  of  Table  VII. 

The  waxes  by  the  Holde  method  were  essentially  free  of  non- 
paraffinic  material.  The  drastic  heat  treatment  received  during 
the  process  apparently  converted  all  resinous  materials  into 
lighter  oils  soluble  in  the  dewaxing  solvent.  That  some  of  the 
paraffins  are  also  cracked  in  the  process  is  shown  by  the  low  yield 
obtained  of  a  low  melting  point  wax. 

The  U.O.P.  method,  which  depends  on  clay  adsorption  to 
remove  resinous  material  that  otherwise  might  be  coprecipitated 
with  the  wax,  yielded  very  high  contents  of  waxes  from  all  the 
asphalts.  This  method  is  thus  suitable  for  determining  what 
might  be  termed  the  “total  content”  of  waxes,  knowledge  of 
which  should  be  of  value  in  interpreting  the  low-temperature 
behavior  of  asphalts.  The  inclusion  of  the  paraffinic  oil  with 
the  higher  melting  waxes  did  not  greatly  lower  the  melting 
point.  This  was  also  noticed  in  dewaxing  trials  at  various  ratios 
with  petrolatums  I  and  II,  Table  II.  The  contamination  of 
the  waxes  with  resins  apparently  has  a  much  greater  effect  on 
reduction  of  melting  point.  This  is  probably  the  reason  why  the 
melting  point  of  the  wax  precipitated  by  the  methylene  chloride- 
acetone  solvent  from  the  oxidized  flux  is  lower  than  that  of  the 
wax  recovered  from  the  same  asphalt  by  the  U.O.P.  method, 
as  shown  by  the  difference  in  specific  dispersions  of  the  waxes. 

Average  Results  of  Analyses.  Tables  VIII  and  IX  list 
the  ranges  and  average  weights  of  fractions  and  the  properties 
of  fractions  separated  from  blown  and  straight-run  asphalts. 
The  37  oxidized  asphalts  were  blown  chiefly  from  fluxes  reduced 
from  Mid-Continent  crudes  and  blends  of  these  fluxes,  but  in¬ 
cluded  one  California  and  one  Venezuelan  oxidized  asphalt. 
The  seven  85/100  penetration  straight-run  asphalts,  all  of  which 
showed  a  negative  Oliensis  spot  test  (5)  in  standard  naphtha,  were 


Table  VII.  Comparison  of  Wax  Contents  of  Four  Asphalts  Recovered  by  Three  Methods 


Asphalt 


id-Continent  flux  1 
id-Continent  flux  2 
idized  paraffinic-base  flux 
ving  asphalt 


Methylene  Chloride  and  Acetone 
at  0°  C.  (32°  F.) 


Wax 

found 

Melting  point 

Specific 
dispersion 
X  10“ 

% 

°  c. 

o  pi' 

5.1 

59.4 

139 

125 

5.9 

50.0 

122 

113 

11.3 

62.2 

144 

126 

2.3 

82  +  ' 

180  + 

106 

Holde 


Wax 

found 

Melting  point 

Specific 
dispersion 
X  10* 

% 

0  C. 

o  p 

1.8 

51.7 

125 

95 

2.5 

47.8 

118 

100 

2.9 

52.2 

126 

98 

1.5 

51.1 

124 

98 

U.O.P.  Method  No.  A-46-40 


Wax 

found 

Melting  point 

Specific- 
dispersion 
X  10* 

% 

0  C. 

°  F. 

17.8 

53.9 

129 

115 

26.0 

46.7 

116 

115 

22.9 

65.6 

150 

108 

8.7 

61.1 

142 

115 
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Table  VIII.  Averages  and  Ranges  of  Fractions  in  Asphalts 


37  Asphalts  Oxidized  from  Bases 
Reduced  from  Various  Crudes 


7  Straight-Run  Asphalts  Reduced 
from  Different  Crudes 


S.P.  (R.  and  B.),  °  C.  (c 
Penetration  at  25°  C. 
(77°  F.) 

Hexane-insolubles,  % 
Hard  resins,  % 

Soft  resins,  % 

Oils,  % 

Waxes,  % 


F.) 


Minimum 

Maximum 

Av. 

Minimum 

Maximum 

Av. 

69  (157) 

104  (220) 

93  (200) 

43  (110) 

48  (119) 

46  (115) 

9 

47 

25 

85 

98 

92 

23 

36 

32 

4 

20 

15 

2 

33 

16 

11 

39 

26 

13 

28 

22 

22 

30 

26 

10 

45 

26 

14 

54 

29 

1.0 

11.3 

4.6 

1.4 

7.3 

3.4 

Table  IX.  Averages  and  Ranges  of  Properties  of  Fractions  in  Asphalts 


Fraction 


Hard  Resins  Soft  Resins  Oils 

Min.  Max.  Av.  Min.  Max.  Av.  Min.  Max.  Av. 
37  Asphalts  Oxidized  from  Bases  Reduced  from  Various  Crudes 


Min. 


Density  at  65°  C.,  g./ml. 
Refractive  indexa  at  65°  C. 

0.946 

1.013 

0.993 

0.910 

0.982 

0.937 

0.898 

0.929 

0.911 

0.853 

0.890 

0.875 

(n  d  ) 

1.56 

1.59 

1.57 

1.51 

1.55 

1.53 

1.503 

1 . 535 

1.512 

1.472 

1.498 

1.483 

Specific  dispersion  X  104° 

220 

290 

240 

160 

240 

190 

141 

199 

156 

114 

142 

130 

Refractivity  intercept0 

S.U.  viscosity  at  98.9°  C. 

1.07 

1.10 

1.08 

1.05 

1.07 

1.06 

1.035 

1.070 

1.056 

1.026 

1 . 055 

1.047 

(210°  F.) 

131 

1110 

215 

M.P.  of  wax,  °  C. 

7  Straight-Run  Asphalts  Reduced  from  Different  Crudes6 

47" 

82  + 

Densitj'  at  65°  C.,  g./ml. 
Refractive  index0  at  65°  C. 

0.987 

1.030 

1.012 

0.946 

0.995 

0.962 

0.920 

0.948 

0.937 

(np  ) 

1.58 

1.63 

1.60 

1.54 

1.58 

1.55 

1.525 

1.544 

1.530 

Specific  dispersion  X  104° 

230 

330 

260 

200 

260 

220 

159 

210 

177 

Refractivity  intercept0 

S.U.  viscosity  at  98.9°  C. 

1.080 

1.115 

1.091 

1.063 

1.082 

1.069 

1.056 

1.070 

1.061 

(210°  F.) 

540 

1462 

831 

a  Precision  of  determination  on  hard  and  soft  resins  was  low  because  of  difficulty  of  reading  Abbe  refractometer. 

6  Wax  contents  were  low  and  characterizations  were  run  on  only  two  samples.  Therefore,  averages  and  ranges  cannot 
be  given. 


character  of  the  components  was  found, 
would  be  expected  of  fractions  precipitai 
on  the  basis  of  molecular  weight.  While 
ranges  overlap  for  the  different  fractions,  i 
averages  are  widespread. 

Applications.  The  need  to  interpret  mi 
fully  the  changes  occurring  in  asphalts  un< 
service  conditions  and  during  refinery  pr 
essing  led  to  devel< 

_  ment  of  the  method 

fractionation  describ 
herein.  Then  compc 
tions  could  be  adjust 
in  accordance  with  e 
pirical  relations  to  beh; 
ior,  by  blending  vark 
available  residues  or  i 
tracts  or  by  change 
refinery  processing 
make  available  sto< 
relatively  rich  in  need 
fractions.  Results  of  so: 
analyses  are  given  bel 
to  illustrate  a  few  of  i 
possible  applications. 


Waxes 

Max. 


Av. 


reduced  from  two  Arkansas,  one  Venezuelan,  two  Mid-Con¬ 
tinent,  one  Texas,  and  one  California  crude. 

The  wide  range  in  content  of  fractions  indicates  that  the 
method  of  analysis  is  highly  sensitive  to  difference  in  com¬ 
position  of  asphalts.  With  methods  based  upon  adsorption  of 
resins  by  clay  the  variation  in  content  and  the  total  content 
would  be  less,  since  the  selection  is  dependent  more  upon  polarity, 
while  isobutyl  alcohol,  like  propane,  precipitates  fractions  more 
on  the  basis  of  molecular  weight.  An  advantage  in  precipitating 
relatively  large  fractions  is  the  greater  accuracy  of  observing 
changes  in  composition  of  asphalts  with  processing  or  with 
service. 

The  average  and  range  in  properties  of  the  fractions  obtained 
upon  analysis  are  shown  in  Table  IX.  A  wide  range  in  the 


Steam  and  vacuum 
duction  of  an  asph: 
from  a  penetration 

190  to  36  produced  changes  in  fractions  as  shown  by  Tal 
X.  The  softening  point  (ring  and  ball)  increased  from  38. 
to  54.4°  C.  (102°  to  130°  F.)  to  maintain  the  penetrati 
temperature  susceptibility  (15)  very  nearly  constant.  As  < 


pected,  the  first  overhead  products  were  largely  oils,  but  to  rea 
lower  penetrations  loss  of  soft  resins  also  occurred.  The  ai 
maticity  of  the  fractions  remaining  in  the  asphalt  did  not  char 
greatly,  as  is  shown  by  the  nearly  constant  values  for  speci 
dispersion.  The  oil  fraction  became  much  more  viscous. 

Air  blowing  of  the  straight-reduced  asphalt  of  36  penetratic 
markedly  increased  the  content  of  hexane-insolubles  at  t 
expense  of  the  resins,  especially  the  hard  resins.  These  chanf 
in  the  fractional  composition,  which  are  graphed  on  Figure  2 
softening  point  for  both  the  distillation  and  blowing  operatioi 
served  to  decrease  the  penetration  and  to  raise  the  softeni 


Table  X.  Analyses  of  Asphalts 


Properties  of  asphalts 
Penetration  at  25°  C. 
(77°  F.) 

Softening  point  (R.  and 
B.),  0  C.  (°  F.) 

PTS  X  100® 

Fractions,  %  by  wt. 
Hexane-insolubles 
Hard  resins 
Soft  resins 
Oils 
Waxes 


Total 

Ratio  of  total  resins  to 
hexane-insolubles 

Specific  dispersion  of  frac¬ 
tions6  X  10* 

Hard  resins 
Soft  resins 
Oils 

Viscosity  of  oils,  S.U.S.  at 
98.9°  C.  (210°  F.) 


Air-Blown  from  Asphalt  of 
Straight-Reduced  36  Penetration 


190 

89 

36 

13 

9 

1 

38.9 

45.0 

54.4 

85.0 

96.1 

173.3 

(102) 

(113) 

(130) 

(185) 

(205) 

(344) 

4.5 

4.7 

4.6 

3.0 

2.7 

0.2 

11.4 

12.3 

14.8 

26.9 

31.4 

51.3 

39.5 

41.2 

’45.5 

36.6 

36.1 

19.6 

26.8 

27.8 

25.0 

22.3 

20.9 

16.9 

20.4 

15.8 

12.3 

11.9 

10.0 

11.1 

2.1 

2.9 

2.5 

2.0 

1.8 

1.6 

100.2 

100.0 

100.1 

99.7 

100.2 

100.5 

5.8 

5 . 6 

4.7 

2.2 

1.8 

0.7 

235 

230 

235 

216 

231 

232 

193 

194 

188 

189 

189 

172 

166 

173 

166 

158 

168 

154 

446 

862 

932 

949 

993 

644 

a  PTS  =  log  800  —  log  pen,  at  25°  C. 

S.P.  (R.  and  B.)°  C.  —  25 

^  Calculated  from  values  of  density  and  of  refractive  index  as  determined  with  an 
Abbe  refractometer.  Determinations  of  refractive  index  were  made  on  resins  at 
65°  C.  (nj))  and  on  oils  at  25°  C.  ( n f ) .  Determinations  of  density  were  made  on 
resins  at  65°  C.  and  on  oils  at  25°  C. 


100  150  200  250  300  35 

SOFTENING  POINT  (R&B)?F. 


Figure  2.  Change  in  Fractions  during  Distillation  an 
Air-Blowing  of  Asphalts 


y,  1944 
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Table  XI.  Analyses  of  Asphalts 

Ur-blown  from  bases  of  varying  consistency  straight-reduced  from  smackover 
crude  oil  and  analysis  of  smackover  asphalt) 


-Blown  Asphalts- 


Straight- 

Reduced 


perties  of  base 
loat  at  50°  C.  (122°  F.), 
seconds 

78 

83 

140 

530 

740 

750 

enetration  at  25°  C. 
(77°  F.) 

110 

91 

89 

ofteningpoint  (R.  and 

44.4 

46.1 

45.0 

B.),  °  C„  (°  F.) 
perties  of  blown  asphalt 
enetration  at  25°  C. 
(77*  ¥.) 

28 

34 

23 

(112) 

15 

(115) 

18 

(113) 

89 

oftening  point  (R.  and 

96.1 

83.3 

95.0 

94.4 

83.3 

45.0 

B.).  °  C.  (°  F.) 

(205) 

(182) 

(203) 

(202) 

(182) 

(113) 

TS  X  100 

2.0 

2.3 

2.2 

2.5 

2.8 

4.7 

:tions  in  blown  asphalt, 
%  by  wt. 
exane  insolubles 

33.6 

31.2 

32.3 

33.1 

29.4 

14.2 

ard  resins 

10.1 

12.8 

22.3 

32.8 

30.9 

42.5 

>ft  resins 

22.6 

23.8 

21.6 

20.3 

25.9 

25.9 

ils 

31.9 

29.2 

21.8 

11.5 

11.5 

14.3 

"axes 

3.2 

3.3 

2.8 

2.9 

3.2 

3.2 

Total 

101.4 

100.3 

100.8 

100.6 

100.9 

100.1 

io  of  total  resins  to 
►xane  insolubles 

1.0 

1.2 

1.4 

1.6 

1.9 

4.8 

■ific  dispersion  of  frac¬ 
tions  X  10«a 
ard  resins 

245 

241 

242 

231 

237 

234 

►ft  resins 

188 

195 

188 

191 

183 

188 

is 

158 

151 

159 

169 

161 

166 

osity  of  oils,  S.U.S.  at 
.9°  C.  (210°  F.) 

171 

205 

262 

366 

621 

701 

Calculated  from  values  of  density  and  of  refractive  index  as  determined  with  an 
e  refractometer.  Determinations  of  refractive  index  were  made  on  resins  at 
3.  (n  d5)  and  on  oils  at  25°  C.  (^d5).  Determinations  of  density  were  made  on 
s  at  65°  C.  and  on  oils  at  25°  C. 


Table  XII.  Analyses  of  Solvent  Extracts  and  Propane  Precipitates 


Viscosity 
of  Extracts 
and  Precipitates 
S.U.S.  at 


Specific  Dispersion 
1(P  of 


Viscosity 

of  on 

Fractions 
S.U.S.  at 


98.9°  C. 

, - 

-Fractions  Found,  % 

by  v 

rt. - , 

Fr 

actions 

a 

98.9°  C. 

;ock 

Agent 

(210°  F.) 

H.I. 

H.R. 

S.R. 

O. 

w. 

Total 

H.R. 

S.R. 

0. 

(210°  F.) 

ry  lube 

Phenol 

780 

0.0 

0.0 

10.9 

89.6 

0.2 

100.7 

214 

196 

558 

duum 

Furfurol 

1770 

0.2 

1.1 

24.1 

73.4 

1.3 

100. 1 

243 

242 

899 

duum 

Chlorex 

1093 

0.8 

0.0 

9.3 

85.6 

3.5 

99.2 

160 

162 

116 

duum 

Propane 

567  (Saybolt 

Furol  at  210° 

F.)  0.0 

71.5 

16.2 

9.9 

3.3 

100.9 

242 

216 

156 

501 

duum 

Propane 

916 

0.0 

56.9 

25.7 

14.8 

3.3 

100.7 

149 

153 

412 

iiduurn 

Propane 

b 

35.0 

50.0 

9.1 

5 . 0 

1.2 

100.3 

290 

275 

213 

Calculated  from  values  of  density  and  of  refractive  index 

as  determined  with  an 

Abbe  refractometer. 

Deter- 

itions  of  refractive  index  were  made  on  resins  at  65°  C.  (n  p )  and  on  oils  at  25°  C.  (n  p5). 
of  density  were  made  on  resins  at  65°  C.  and  on  oils  at  25°  C. 

Softening  point  (R.  and  B.),  103°  C.  (218°  F.).  Penetration  at  25°  C.  (77°  F  ).  1 


it  of  the  asphalt,  and  therefore  to  lower  greatly  the  pene- 
ion-temperature  susceptibility.  This  decrease  was  found 
e  related  to  the  ratio  of  the  total  resin  to  the  hexane-insoluble 
£nt,  as  is  shown  by  curve  1  of  Figure  3.  The  character 
he  fractions  obtained  from  the  air-blown  asphalts  was  re- 
kably  constant,  as  shown  by  measurements  of  specific  dis- 
ion  and  viscosity  of  the  oils,  until  a  softening  point  above 
°  C.  (205°  F.)  had  been  reached.  Thereafter,  the  soft 
i  and  oil  fractions  from  the  asphalt  became  less  aromatic  and 
oil  fraction  was  lowered  in  viscosity,  as  shown  by  the  data 
he  fractions  from  the  asphalt  melting  at  173.3°  C.  (344°  F.). 
l  manufacture  of  blown  asphalts  it  is  necessary  in  many 
ances  to  obtain  products  of  approximately  the  same  softening 
it  but  of  varying  penetration.  The  common  practice,  with 
lues  available  from  a  given  crude  oil,  is  to  air-blow  bases  of 
.'ing  viscosity.  In  general,  the  higher  the  viscosity  of  the 
i  the  lower  will  be  the  penetration  of  the  blown  asphalt  at  a 
n  melting  point.  The  fractional  compositions  of  a  series  of 
i  asphalts,  all  melting  within  the  range  of  82.2°  to  96.1°  C. 
•  °  to  205°  F.),  but  prepared  from  bases  of  varying  consistency 
shown  by  Table  XI.  A  nearly  constant  content  of  hexane- 
lubles  was  found  in  this  series.  The  result  of  blowing  an 
lalt  base  of  lower  oil  content  but  with  an  essentially  constant 
a  of  resins  to  insolubles  is  thus  to  obtain  an  end  product 
;iven  melting  point  but  with  a  higher  ratio  of  resins  to  in- 
bles,  since  less  conversion  of  resins  to  insolubles  has  oc- 
■ed.  The  ratio  of  total  resins  to  hexane-insolubles  for  the 
rn  asphalts  and  for  a  straight-run  asphalt  of  87  penetration 


RATIO  OF  TOTAL  RESINS  TO  HEXANE  INSOLUBLES 

Figure  3.  Penetration-Temperature  Susceptibility 
vs.  Ratio  of  Total  Resins  to  Hexane-Insolubles 

from  the  same  crude,  analysis  of  which  is  also  shown 
in  Table  XI,  was  again  found  related  to  penetration- 
temperature  susceptibility  (curve  2,  Figure  3). 
Values  for  penetration-temperature  susceptibility 
are  at  a  slightly  higher  level 
than  shown  by  data  on  the  blown 

-  asphalts  of  Table  X,  since  the 

asphaltic  crude  bases  involved, 
although  similar,  were  different. 

The  fractional  compositions 
of  three  solvent  extracts  and  of 
three  propane  precipitates  are 
shown  in  Table  XII.  Although 
no  direct  comparison  may  be 
made  of  the  action  of  the  dif¬ 
ferent  refining  agents  because  of 
the  difference  in  starting  stocks, 
the  precipitating  action  of  pro¬ 
pane  as  compared  with  extract¬ 
ing  effect  of  the  selective  sol¬ 
vents  is  readily  apparent.  Such 
analyses  indicate  the  value  of  ex¬ 
tracts  and  precipitates  in  blend¬ 
ing  procedures  for  adjusting  com- 
— ^  positions  of  petroleum  residua. 

Thus,  for  example,  the  propane 
precipitates  contain  large  con¬ 
tents  of  resins  and  could  therefore  be  added  to  residua  to  raise 
their  penetration-temperature  susceptibility  and  increase  ductility ; 


Determina- 


Table  XIII.  Analyses  of  Road  Oil 

Crude  Base 

Paraffinic 

Paraffinic 

Asphaltic 

Properties  of  road  oil 

Viscosity,  S.  Furol  at  60°  C.  (140°  F.), 
seconds 

440 

640 

700 

Flash  point,  Cleveland  open  cup,  °  C. 

316  (600) 

210  (410) 

154  (310) 

(°  F.) 

Spot  test ' 

Neg. 

Pos. 

Neg. 

Specific  gravity  at  25°  C./25°  C. 

(77°  F./77°  F.) 

/ 

0.963 

1.034 

0.990 

Fractions,  %  by  wt. 

Hexane  insolubles 

2.5 

12.2 

18.9 

Hard  resins 

19.4 

2.6 

12.1 

Soft  resins 

38.7 

16.6 

11.6 

Oils 

31.2 

58.8 

54 . 5 

Waxes 

8.2 

5.9 

i .  i 

Loss  of  oils  by  evaporation 

0.0 

3.9 

1.8 

Total 

100.0 

100.0 

100.0 

Specific  dispersion  of  fractions  X  104° 
Hard  resins 

303 

Soft  resins 

204 

238 

Oils 

162 

247 

iso 

Refractive  index  of  hard  resin,  n  d°,  °  C. 
Viscosity  of  oils,  S.U.S.  at  98.9°  C. 
(210°  F.) 

1.577 

1.623 

1.589 

261 

139 

106 

a  Calculated  from  values  of  density  and  of  refractive  index  as  determined 
with  an  Abbe  refractometer.  Determinations  of  refractive  index  were  made 
on  resinB  at  65°  C.  br5)  and  on  oils  at  25°  C.  (nj)5),  Determinations  o^ 
density  were  made  on  resins  at  65°  C.  and  on  oils  at  25°  C. 
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while  the  extracted  aromatic  oils  of  high  viscosity  could  be 
substituted  for  paraffinic-type  oils  removable  by  distillation  or 
solvent  treatment,  thereby  to  improve  the  homogeneity  of  as¬ 
phalts,  as  might  be  desirable  in  certain  applications. 

The  differences  found  in  content  and  character  of  fractions 
in  three  SC-6  road  oils  (Table  XIII),  illustrates  the  wide  variety 
of  such  products  available.  The  highly  paraffinic  Mid-Con¬ 
tinent  road  oil  derives  its  viscosity  mainly  from  highly  viscous 
resin  and  oil  fractions  instead  of  a  normal  content  of  hexane- 
insolubles.  For  this  reason  it  would  be  slow  to  set  upon  the 
road  and  would  form  a  brown-colored  bituminous  mat  likely  to 
“bleed”.  The  asphaltic-type  road  oil,  while  having  a  very  high 
content  of  insolubles,  has  always  rated  highly  in  service  per¬ 
formance. 

The  analysis  of  an  oil  formed  by  mild  cracking  of  a  paraffinic 
Mid-Continent  stock  is  shown  in  column  2,  Table  XIII.  This 
oil  is  low  in  hard  resin  and  high  in  wax  content.  The  high 
hexane-insoluble  and  wax  content  and  low  content  of  hard  resins 
indicate  that  after  a  period  of  exposure  this  road  oil  would  be¬ 
come  nonhomogeneous  and  deterioration  of  the  road  mat  would 
result  for  this  reason. 


SUMMARY 

The  procedure  of  analysis  has  been  found  adequate  for  ac¬ 
curate  classification  of  asphalts  from  widely  differing  sources 
according  to  the  content  and  character  of  their  five  main  frac¬ 
tions.  The  method  is  suitable  for  products  varying  in  con¬ 
sistency  from  road  oils  to  highly  blown  products.  While  only  a 
few  trials  have  been  made  on  cracked  asphalts,  the  treatment  is 
thought  also  to  be  applicable  in  the  separation  of  their  fractions, 
except  for  some  products  produced  by  high  level  cracking  which, 
although  resinous,  are  largely  insoluble  in  hexane.  Other 
petroleum  products  which  contain  some  or  all  of  the  fractions 
found  in  residua  may  also  be  subjected  to  analysis,  such  as  ex¬ 
tracts  and  precipitates  from  lubricating  stocks  and  lubricating 
oils  which  have  been  in  heavy-duty  service. 
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A  Controlled-Atmosphere  Induction 
Melting  Fu  rnace  For  the  Laboratory 

F.  S.  BOERICKE  and  W.  M.  BANGERT 
Pacific  Experiment  Station,  Bureau  of  Mines,  Berkeley,  Calif. 


THE  most  common  controlled-atmosphere  (or  vacuum 
furnace  for  melting  small  metal  samples  by  induction  ha 
been  described  frequently  and  is  supplied  as  standard  equipmen 
by  the  Ajax  Electrothermic  Corporation.  Its  constructio: 
entails  the  use  of  silica  tubing  which  is  fragile,  expensive 
and  difficult  to  work  without  special  glass-blowing  equipment 
The  disadvantages  in  the  use  of  silica  have  led  to  the  develop 
ment  in  this  laboratory  of  a  less  delicate  piece  of  equipmen 
which  serves  the  same  purpose  and  can  be  constructed  in  a  fe' 
hours  in  a  well-equipped  shop. 

Important  construction  features  are  shown  in  the  diagrammati 
drawing.  In  essence,  the  heating  unit  is  merely  enclosed  by 
gas-tight  shell  so  that  the  entire  assembly,  including  the  furnac 
coil,  can  be  evacuated  or  flushed  with  inert  gas. 

The  water-cooled  heating  coil',  A,  is  connected  with  the  cor 
verter  cables  at  P  and  Q  and  with  water  lines  at  N  and  0.  I 
is  the  standard  coil  supplied  with  the  3  kv.-amp.  furnace  as 
sembly.  The  Alundum  thimble,  C,  contains  the  melting  ere 
cible,  D,  and  is  surrounded  with  Norconite,  B,  or  other  suitabl 
insulating  powder.  A  layer  of  sheet  mica,  rolled  into  a  cylindei 
separates  this  powder  from  the  cooling  coil,  and  prevents  it 
lateral  escape.  The  assembly,  E,  above  the  melting  crucibk 
serves  to  diminish  the  upward  radiation  from  the  molten  charge 
while  permitting  a  clear  view  of  the  charge  through  sight  tube  6 
This  whole  unit  is  surrounded  by  the  chamber  formed  by  fibe 
plates,  I  and  J,  and  leucite  (or  metal)  cylinder,  K.  Rubbe 
gaskets  in  the  grooves  of  the  top  and  bottom  plate  and  at  th 
water-cooled  electrical  connections  render  the  entire  assembl; 
gas-tight  when  compressed  by  the  six  vertical  bolts,  L,  M,  etc. 
and  the  brass  nuts  and  washers  of  the  cooling  tubes.  The  ga 
input  and  exit  tubes,  H  and  F,  are  sealed  with  DeKhotinsk; 
cement  to  the  top  plate,  as  is  also  G.  The  temperature  of  th 
molten  charge  may  be  determined  either  by  an  optical  pyrom 
eter,  sighted  through  a  cemented  window  at  G,  or  by  a  thermo 
couple,  within  a  gas-tight  protection  tube,  inserted  into  the  charg 
through  G  and  cemented  at  the  top.  Insulation  is  unnecessar 
outside  the  water-cooled  coil  and  the  bolts  are  far  enough  fror 
the  induction  currents  to  remain  cool,  despite  crucible  tempera 
tures  of  1500°  C.  or  above.  The  crucible  and  contents  coc 
rapidly  when  the  current  is  interrupted  and  may  be  replaced  in  : 
few  minutes  by  removal  of  the  top  plate  and  the  radiation  shield; 

Published  by  permission  of  the  Director,  Bureau  of  Mines,  U.  S.  Depar' 
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Positive  Displacement  Flowmeter 

JERRY  McAFEE,  Universal  Oil  Products  Company,  Chicago,  III. 


LABORATORY  and  pilot-plant  work,  particularly  when 
ontinuous  processes  are  studied,  it  is  often  necessary  to 
isure  the  rate  of  flow  of  small,  sometimes  pulsating  or  ir- 
llarly  flowing  streams  which  may  vary  in  density  or  viscosity, 
nany  such  instances  it  is  inconvenient  or  impossible  to  use 
ventional  orifice-  or  Venturi-type  meters,  rotameters,  or 
brated  tanks.  Obviously,  some  form  of  positive  displace- 
it  meter  is  desirable  for  such  service;  but  unfortunately  most 
mercially  available  meters  of  this  type  are  either  too  large 
iave  pressure,  temperature,  or  other  limitations  which  make 
n  unsuitable. 


problem  often  encountered  in  these  laboratories  which  is  thus 
plicated  is  the  measurement  of  recycle  or  “combined  feed” 
ims  in  continuous  cracking  pilot  plants.  Often  these 
ims  are  hot  and  are  subject  to  changes  in  temperature  and 
position  in  the  course  of  a  run.  Usually  they  are  transferred 
i  reciprocating  pump,  and  always  the  continuity  of  their  flow 
t  be  maintained.  While  alternately  used  surge  tanks,  pump 
ke  calculation,  and  calibrated  orifices  or  rotameters  can  be 
loyed  with  some  success,  all  these  methods  have  certain 
rbacks  in  such  use.  The  device  described  below  (1)  was  de- 
ped  especially  for  this  service  and  has  been  in  use  about  2.5 
s.  It  is  also  applicable  to  many  other  flow-measurement 
>lems,  and  has  been  found  particularly  useful  in  obtaining 
i,  approximate  measurements  of  flow  rates  even  when  the 
itity  flowing  over  a  long  period  is  determined  by  more  ac- 
te  means,  such  as  calibrated  charge  tanks.  Its  chief  ad¬ 
ages  are  simplicity  of  construction  and  operation;  appli- 
lity  over  wide  ranges  of  temperature,  pressure,  and  stream 
position;  and  a  positive  calibration  which  does  not  change 
.  operating  conditions  or  fluid  properties. 

he  diagram  shows  the  particular  design  of  this  flowmeter 
:h  has  been  most  generally  used  in  the  author’s  laboratories, 
onsists  essentially  of  a  U-tube,  one  leg  of  which  is  a 
■  glass,  the  other  a  reservoir  for  mercury,  water,  or  other 
d  heavier  than  and  immiscible  with  the  flowing  stream, 
erguson  “Reflex”  type  glass  has  been  used  most  com- 
ly  because  it  allows  operation  at  high  temperatures  and 
sures,  but  any  glass  satisfactory  for  the  prevailing  condi¬ 


tions  may  be  used.  The  mercury  reservoir  can  be  a  suitable 
length  of  pipe  or  any  convenient  vessel.  The  U-tube  is  con¬ 
nected  by  means  of  unions  to  valves  B  and  C,  which  in  turn 
join  the  line  carrying  the  stream  to  be  measured.  Valve  A  is 
interposed  between  the  point  of  connection  of  B  and  C.  The 
crosses  and  plugs  shown  and  valve  D  are  provided  for  convenience 
in  filling  and  cleaning. 

Before  the  gage  glass  is  connected,  its  volume  between  two 
convenient  markings  is  determined.  When  the  device  is  in  opera¬ 
tion  the  flow  is  normally  in  the  direction  shown  in  the  sketch, 
with  A,  B,  and  C  open.  To  measure  the  flow  rate,  A  is  closed, 
forcing  the  oil  (or  other  fluid  being  measured)  into  the  mercury 
reservoir,  the  mercury  into  the  gage  glass,  and  oil  out  of  the  gage 
glass  into  the  main  line.  Since  as  much  oil  is  forced  out  of  the 
system  as  enters,  the  net  rate  of  flow  in  the  main  line  remains 
unchanged.  The  measurement  itself  consists  in  determining  the 
time  required  for  the  mercury  level  to  rise  from  one  calibration 
mark  to  the  other,  thus  filling  a  known  volume.  When  this 
measurement  is  completed,  A  is  reopened,  and  the  mercury  seeks 
its  own  level.  Here  again,  since  oil  is  discharged  from  one  leg  as 
rapidly  as  it  enters  the  other,  no  interruption  in  the  net  flow 
occurs. 

Calculation  of  the  flow  rate  from  the  observed  time  is  simple. 
Thus,  if  the  calibrated  volume  is  V  gallons,  and  the  time  required 
to  fill  it  is  t  minutes,  the  rate  of  flow,  R,  in  gallons  per  minute,  is 

V 

obtained  by  the  equation  R  =  — .  In  one  typical  example,  the 
calibrated  volume  was  0.046  gallon  and  the  observed  filling  time 
was  30  seconds.  The  rate  of  flow  was  then  X  60  =  0.092 
gallon  per  minute. 

While  the  design  described  is  cheap,  simple,  and  highly  satis¬ 
factory,  it  can  be  modified  to  meet  particular  demands  and 
utilize  existing  apparatus.  The  calibrated  volume  should  be  of 
such  a  size  that  the  time  required  for  a  single  determination  is 
neither  so  long  as  to  be  inconvenient  nor  so  short  as  to  be  in¬ 
accurate.  The  author  has  found  30  to  60  seconds  satisfactory. 

More  elaborate  modifications  of  the  basic  design  have  been 
suggested  (I)  for  applications  where  an  automatically  determined 
rate  or  a  record  of  total  flow  is  desired.  While  the  device  was 
developed  for,  and  to  date  has  been  limited  to,  the  measurement 
of  liquid  streams  varying  from  liquid  propane  to  heavy  recycle 
oil,  it  can  also  be  used  for  measuring  gas  streams  by  taking  proper 
account  of  the  compression  of  the  gas  on  the  upstream  side  of  the 
meter,  using  a  low-density  sealing  liquid,  and  limiting  the  vari¬ 
ation  in  liquid  level  to  a  low  value. 
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Course  in  Instrumental  Methods  of 
Analysis  and  Control 

An  ESMWT  course  in  instrumental  methods  of  analysis  and 
control  will  be  given  at  the  University  of  Southern  California,  Los 
Angeles,  starting  June  12.  The  course  now  being  taught  by  Sidney 
W.  Benson  is  to  be  expanded  for  the  summer  session  to  7  hours  of 
laboratory  work  and  one  hour  of  lecture  each  week  for  15  weeks, 
devoted  to  study  of  the  applications  of  physical  properties  of  chemi¬ 
cal  substances  to  the  analysis  and  control  of  chemical  processes, 
and  including  laboratory  work  with  basic  instruments  such  as  pres¬ 
sure  gages,  flowmeters,  rotameters,  thermocouple's,  potentiometric 
circuits,  colorimeters,  spectrophotometers,  and  electronic  relays. 
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Phenyl  Isocyanate  Derivatives  of  Certain  Alkylated  Pheno 

Melting  Points  an  d  X-Ray  Powder  Diffract  ion  Data 

J.  B.  MCKINLEY,  J.  E.  NICKELS,  AND  S.  S.  SIDHU 
Mellon  Institute  and  University  of  Pittsburgh,  Pittsburgh,  Pa. 


As  positive  means  for  identifying  alkylated  phenols,  the  authors  have  prepared  phenyl  isocyanate  derivatives  of 
a  large  number  of  phenols,  and  in  this  paper  present  tables  of  melting  points  and  x-ray  powder  diffraction  data. 


AS  A  result  of  recent  developments,  considerable  quantities  of 
alkylated  phenols  are  finding  use  in  the  preparation  of  syn¬ 
thetic  plastics,  rubber,  germicides,  fungicides,  and  related  sub¬ 
stances.  Because  of  this  increasing  interest  in  alkylated  phenols, 
the  authors  have  undertaken  to  develop  an  easy  and  positive 
means  for  their  identification.  One  widely  used  method  for  such 
purposes  is  the  determination  of  the  characteristic  melting  point 
of  the  ary]  IV-phenylcarbamate  formed  by  the  reaction  of  a  phenol 
with  phenyl  isocyanate.  As  this  procedure  has  been  shown  to  be 
satisfactory,  it  was  decided  to  prepare  these  derivatives  of  a  large 
number  of  phenols  which  were  available,  and  then  to  ascertain 
their  melting  points  and  also  to  obtain  their  x-ray  powder  diffrac¬ 
tion  data.  Either  the  melting  point  or  the  x-ray 
powder  diffraction  pattern  of  the  phenyl  isocyanate 
derivative  is  usually  sufficient  for  identification  of 
the  parent  phenol,  but  a  consideration  of  both  de¬ 
terminations  gives  results  which  are  unequivocal. 

The  melting  points  of  a  number  of  such  phenolic 
derivatives  have  been  listed  by  Morgan  and 
Pettet  ( 14 )  and  by  Steinkopf  and  Hopner  (16);  a 
few  relevant  supplemental  data  are  given  by  other 
investigators.  No  previous  publications  have  been 
found  in  which  x-ray  powder  diffraction  data  are 
presented  for  these  derivatives,  although  the  value 
of  such  information  for  the  identification  of  com¬ 
pounds  possessing  crystalline  structure  has  been 
pointed  out  by  Hanawalt  and  co-workers  (7,  8), 

Davev  (3),  and  others. 

PROCEDURES 

The  method  of  preparation  of  the  aryl  N-phenyl- 
carbamates  was  based  upon  the  procedures  given  by 
Steinkopf  and  Hopner  (16)  and  Weehuizen  (21).  A 
small  quantity  of  the  phenolic  substance  (ca.  1  gram) 
was  mixed  with  a  slight  molar  excess  of  phenyl  iso¬ 
cyanate  in  a  20-cm.  (8-inch)  test  tube  fitted  with  a 
reflux  condenser  and  to  this  reaction  mixture  were 
added  8  to  10  ml.  of  a  petroleum  distillate  (b.p. 

170-200°  C.)  previously  fractionated  from  kerosene. 

The  reaction  was  completed  by  gently  refluxing  for 
1  to  4  hours  (usually  4).  After  product  was  cooled, 
the  crystals  which  formed  were  recovered  by  filtra¬ 
tion  and  purified  by  recrystallization  from  petroleum 
ether,  benzene,  or  a  mixture  of  these  solvents.  The 
purified  derivative  was  dried  under  room  conditions 
and  its  melting  point  was  determined  using  a  cali¬ 
brated  Anschutz  thermometer. 

The  x-ray  diffraction  patterns  of  the  aryl  N- 
phenylcarbamates  were  secured  by  the  usual  Debye- 
Scherrer-Hull  method.  A  small  portion  of  the  material 
was  finely  powdered,  packed  into  a  short  length  of 
19-gage  stainless  steel  hypodermic  needle  tubing  of 
0.7-mm.  internal  diameter,  compressed  with  a 
plunger,  and  finally  extruded  as  a  cylinder  of  the 
same  diameter.  The  steel  tubing  was  mounted  in  a 
camera  of  57.3-mm.  effective  diameter  in  such  a 
manner  that  only  the  extruded  part  of  the  specimen 
appeared  in  the  x-ray  beam.  The  photograms  were 
made  with  filtered  CuK«  radiation  having  an  effec¬ 


tive  wave  length  of  1.539  A.  A  camera  of  171.9-mm.  effect 
diameter  was  employed  to  obtain  better  resolution  of  the  diffr 
tion  patterns  of  some  of  the  samples. 

The  diffraction  patterns  obtained  were,  in  general,  sharj 
defined  and  the  measurement  of  them  could  be  duplicated  sal 
factorily.  In  a  few  instances,  however,  two  or  more  diffracti 
lines  representing  different  interplanar  spacings  merged,  maki 
exact  interpretation  of  a  specific  portion  of  a  pattern  uncerta 
When  this  was  the  case,  the  merged  lines  were  considered  a 
group  and  measured  as  a  single  line.  The  interplanar  spaci 
calculated  from  such  a  measurement  represents  the  shortest  int 


Table  I.  Melting  Points 


X-Ray 

Diffrac¬ 

tion 

Pattern 

Empirical 

Phenols  Used 

M.P.  of  Ar-Phenylcarbamates,  0 
Observed 

by  Literature  values  e 

No. 

formula 

Name 

authors 

references 

1 

C.HjCIO 

4-Chlorophenol 

148.5 

2 

CsH,NOs 

2-Nitrophenol  (m.p. 

a 

3 

C.HiNOs 

44.5°  C.) 
4-Nitrophenol 

156 

126  (6,  14),  125.5  (1 

4 

CtHtO 

Phen61 

126.5 

5 

CtHtS 

Thiophenol 

128.5 

124  (12, 16),  122  ( 
125  (15) 

6 

CtHsO 

2-Methylphenol 

142.5 

145  (12,  17),  14 

7 

CtHsO 

3-Methylphenol 

124.5 

(16),  ■  144  (14),  ■ 
(5),  141  (20) 
125-6  (17),  125  (5,1 

8 

CjHsO 

4-Methylphenol 

113 

124.5  (16),  12: 

(SO) 

115  (5,  H),  114  ( 

9 

CrHsS 

4-Methylthiophenol 

132 

16,  17),  112-13  (. 

10 

CsHioO 

2-Ethylphenol 

143.5 

141  (16,  19),  140-1  ( 

11 

CsHioO 

3-Ethylphenol 

137t 

140  (18) 

138.8  (16),  138  (11) 

12 

CsHioO 

4-Ethylphenol 

120.5 

120  (11,  16,  19) 

13 

CsHioO 

2,3-Dimethylphenol 

173.5 

176  (16) 

14 

CsHioO 

2,4-Dimethylphenol 

103c 

112  (14,  16),  111 

15 

CsHioO 

2,5-Dimethylphenol 

166 

122.2  (4),  102  (5, . 
162  (5,  14,  16),  16C 
(1) 

120  (14,  16) 

16 

CsHioO 

3,4-Dimethylphenol 

119.3 

17 

CsHioO 

3 , 5-Dimethylphenol 

149.5 

151  (5,  16),  148  (14 

18 

CoHuO 

2,4,6-Trimethvlphenol 

143 

142  (16),  141-2  ( 

19 

CioHisCIO 

2-ferl-Butyl-4-chloro- 

133 

140-2  (1) 

20 

C10H11O 

phenol 

4-ier<-Butylphenol 

148.5 

21 

ChHhO 

4-Methyl-2-  ( 0-methyl- 

98.5 

22 

CnHisO 

allyl)  phenol 
4-ieH-Amylphenol 

108 

23 

CuHisO 

4(or  6)-(er(-Butyl-2- 

139.5 

24 

CnHioO 

methylphenol  (b.p. 
135°  C.  at  20  mm.) 
6(or  4)-fer(-Butyl-2- 

189 

25 

CllHl60 

methylphenol  (b.p. 
123°  C.  at  20  mm.) 

4 (or  6)-ier(-Butyl-3- 

133 

26 

CllHl60 

methylphenol  (b.p. 
129°  C.  at  20  mm.) 
2-(eW-Butyl-4-methyl- 

155 

27 

CsHioO 

phenol 

4-Phenylphenol 

167.5 

28 

C12H14O3 

2,6-Diacetyl-3,5-di- 

a 

methylphenol  (m.p. 
109°  C.) 


a  These  phenols  did  not  form  phenyl  isocyanate  derivatives. 

6  This  value  was  had  only  after  thorough  drying  of  the  sample.  Without  dryu 
a  value  of  124°  C.  was  obtained  consistently. 

c  This  value  was  found  consistently  even  after  several  recry  stallir  at  ions  and  drying- 
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pnar  spacing  of  the  group  considered  and  is  followed  by  the 
Ijter  D  in  Table  II. 

Certain  flaky  organic  crystals  tend  to  pack  anisotropically, 
eich  results  in  preferred  orientation  of  the  crystallites  in  the 
exuded  specimen  when  prepared  in  the  manner  employed  in  this 
(i  rk.  Since  it  is  necessary  that  the  powdered  specimen  employed 
f  a  Debye-Scherrer-Hull  diffraction  photogram  contain  crystal- 
bss  randomly  oriented,  diffraction  data  were  secured  for  a  num- 
r  of  the  compounds  studied,  using  a  rotating  powdered  sample 
bsely  packed  in  a  thin-walled  nylon  tube  in  order  to  determine 
nether  anisotropic  packing  of  the  extruded  specimens  occurred. 
Ftterns  obtained  with  loosely  packed  specimens  checked  those 
Hired  with  extruded  specimens,  and  inasmuch  as  all  the  com- 
mnds  studied  were  similiar,  these  data  were  taken  to  indicate 
Lt  there  was  no  preferred  orientation  of  crystallites  in  the  ex¬ 
uded  specimens  examined. 

DISCUSSION 

fhe  phenols  studied  were  mainly  of  the  alkylated  type,  where 
i  alkyl  groups  were  methyl,  ethyl,  isopropyl,  f  erf-butyl,  and 
e-amyl,  although  a  few  contained  other  substituents.  In  Table 
set  forth  a  complete  list  of  these  phenols  along  with  the  melt- 
r  points  of  their  phenyl  isocyanate  derivatives.  In  the  first 
'jmn  of  this  table  are  also  listed  the  diffraction  pattern  num- 
►  s  for  cross  reference  to  Table  II,  which  contains  the  x-ray 
I'raction  data  of  the  phenyl  isocyanate  derivatives, 
n  certain  cases  no  reaction  between  the  phenol  and  phenyl  iso- 
vnate  occurred  even  after  as  much  as  15  hours  of  refluxing.  In 
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Table  I.  Melting  Points  (Cont’d) 


33 

34 

35 

36 

37 

38 
i9 

40 

41 

42 

43 

44 

45 

L 

48 

49 

50 

51 

rh< 


Phenols  Used 

Empirical 

formula  Name 

CisHieO  2-Cyclohexyl  phenol 

CuHi.0  4-Cyclohexylphenol 

C12H11O  2-fer!-Amyl-4-methyl- 

phenol 

CiaHuO  4  (or  6)-fer'-But.yl-3- 

ethylphenol  (b.p. 
142°  C.  at  20  mm.) 

C12H18O  2-fert-Butyl-4-ethyl- 

phenol 

C12H18O  4(or  6)-teri-Butyl-2,3- 

dimethylphenol  (b.p. 
139°  C.  at  20  mm.) 

C12H18O  0-fer/-Butyl-2,4-di- 

methylphenol 

C12H18O  4-fer(-Butyl-2,5-di- 

methylphenol 

C12H18O  4-tert-Butyl-2,6-di- 

methylphenol 

C12H18O  6-ter(-Butyl-3,4-di- 

methylphenol 

C12H18O  2,6-Diethyl-3,5-di- 

methylphenol 

C13H20O  3,5-Diisopropyl-2-meth- 

ylphenol 

C13H20O  3,5-Diisopropyl-4-meth- 

ylphenol 

CuHaaCIO  2,6-Di-4ert-butyl-4- 

chlorophenol  (m.p. 


M.P.  of 
Ar-Phenylcarbamates, 


Observed 

by 

authors 

111.6 

145.5 
124 

156 

134 

216 

173 

144 

160 

142 

226 

198.5 
256 


C. 


Literature 
values  and 
references 


CuHatO 

78°  C.) 

4,6-Di-fer<-butyl-2-meth- 

ylphenol 

163.5 

CuH240 

4 ,6-Di-(ert-b  uty  1-3-meth- 
ylphenol 

171.5 

CuHhO 

2l6-Di-£er£-butyl-4-meth- 
ylphenol  (m.p. 

69.5°  C.) 

a 

C16H24O 

2-fer<-Butyl-4-cyclo- 

hexylphenol 

170 

C16H26U 

4,6-Di-£er£-butyl-3- 

ethylphenol 

182.5 

Cl6H260 

2,6-Di-reri-butyl-4- 
ethylphenol  (m.p. 
43.5°  C.) 

a 

C,SH260 

4,6-Di-(ert-butyl-2,3- 

dimethylphenol 

216 

Cl8il30O 

2,4,6-Tri-£er£-butyl- 
phenol  (m.p.  131°  C.) 

a 

C20Hj2O 

2,6-Di-ter(-butyl-4-cy- 
clohexjdphenol  (m.p. 
115.5°  C.) 

a 

iese  phenols  did 

not  form  phenyl  isocyanate  derivatives. 

Table  II.  Powder  Diffraction  Data" 


d 

l/l\ 

d 

i/n 

d 

///■ 

1&.  4-Chlorophenyl 

2.4 

2-Nitrophenol 

36.  4-Nitrophenyl 

i\T-phenylcarbamate 

7.5 

(3) 

s 

iV-phenylcarbamate 

5.9 

W 

6.2 

vw 

21. 0D 

W 

5.4 

W 

5.9 

(2) 

s 

10. 4D 

W 

4.61  (1) 

VS 

5.0 

M 

6.3 

VW 

4.41 

w 

4.86 

W 

5.9 

w 

4.28 

w 

3.87 

M 

5.3 

vw 

4.16 

w 

3.65 

W 

4.94 

w 

4.05 

w 

3.25D  (1) 

VS 

4.63D 

(1) 

vs 

3.89 

M 

3.10 

w 

4.14 

M 

3.71  (2) 

s 

3.01 

w 

4.03 

M 

3.62 

vw 

2.92 

w 

3.82 

(2) 

VS 

3.48 

vw 

2.76 

vw 

3.58 

(3) 

vs 

3.18  (3) 

s 

2.64 

w 

3.47 

w 

3.09 

M 

2.55 

w 

3.39 

w 

2.99 

w 

2.47 

w 

.  3.32 

w 

2.88 

vw 

2.43 

vw 

3.17 

w 

2.69 

w 

2.31 

vw 

3.05 

w 

2.30 

w 

2.26 

w 

3.00 

vw 

2.24 

vw 

2.19 

vw 

2.83 

vw 

2.19 

vw 

2.13 

M 

2.70 

vw 

1.90 

vw 

2.09 

vw 

2.66 

vw 

1 .86 

vw 

2.02 

vw 

2.58 

w 

1.81 

vw 

1.96 

w 

2.47 

vw 

1.92 

vw 

2.34 

w 

1.85 

w 

2.29 

vw 

1.82 

vw 

2.24 

w 

1.75 

vw 

2.16 

vw 

1.73 

w 

2.08 

w 

1.64 

vw 

2.02 

w 

1.89 

w 

1.84 

w 

4. 

Phenyl 

5b. 

5-Phenyl 

6.  2-Methylphenyl 

.V-phenylcarbamate 

N-  phenylthio- 

A'-phenylcarbamate 

6.8 

M 

carbamate 

7.6 

S 

4.36D 

(1)  VS 

7.9 

(3)  S 

6.1 

w 

3.98 

(2)  S 

7.0 

W 

5.2 

(1) 

vs 

3.48D 

S 

6.7 

W 

4.61 

(2) 

vs 

3.21 

S 

6.2 

W 

4.20 

(3) 

vs 

3.09 

w 

5.5 

M 

3.62D 

s 

2.96 

w 

4.78 

(1)  vs 

3.17 

s 

2.71D 

(3)  .  S 

4.56 

VW 

2.85 

w 

2.63 

M 

4.30 

(2)  S 

2.62 

w 

2.53 

M 

4.22 

W 

2.43 

w 

2.46 

M 

4 . 10 

W 

2.30 

w 

2.30 

M 

4.03 

W 

2.09 

M 

2.21 

M 

3.89 

w 

1.99 

M. 

2.12 

M 

3.58 

.  vw 

1.87 

VW 

1.99 

M 

3 . 33D 

M 

1.67 

VW 

1.90 

W 

3.19 

W 

1.60 

VW 

1.83 

M 

3.01 

W 

1.74 

M 

2.85 

W 

1.66 

W 

2.72 

W 

1.60 

W 

2.61 

M 

1.53 

W 

2.49 

VW 

1.47 

VW 

2.41 

VW 

1.41 

VW 

2.28 

W 

1.35 

VW 

2.14 

VW 

1  .30 

VW 

2.09 

VW 

1.18 

VW 

2.03 

VW 

1.10 

VW 

1.89 

vw 

1.08 

VW 

1.84 

vw 

7b.  3-Methylphenyl 
IV-phenylcarbamate 


8.2 

S 

7.5 

VW 

6.4 

vw 

5.3 

(3) 

s 

5.0 

vw 

4.61 

(2) 

s 

4.47 

vw 

4.22 

(1) 

vs 

4.03 

M 

3.78 

w 

3.64 

w 

3.50 

w 

3.38 

vw 

3.29 

vw 

3.17 

M 

3.05 

VW 

2.89 

W 

2.81 

w 

2.68 

vw 

2.54 

w 

2.42 

w 

2.37 

w 

2.30 

vw 

2.25 

vw 

2.19 

vw 

2.09 

vw 

2.02 

vw 

1.96 

vw 

8.  4-Methylphenyl 
IV-phenylcarbamate 


4.66 

(1) 

vs 

4.03 

(2) 

S 

3.67 

(3) 

s 

3.14 

M 

2.96 

VW 

2.64 

w 

2.33 

M 

1.99 

VW 

1.89 

vw 

95. 

S-4-Methylphenyl 

.Y-phenylthio- 

carbamate 


10.9 

S 

10.0 

S 

8.3 

VW 

6.7 

VW 

5.8 

M 

5.3 

VW 

4.86 

M 

4.48 

(1) 

VS 

3.80 

M 

3.59 

(2) 

S 

3.49 

s 

3.24 

vw 

3.08 

(3) 

s 

2.99 

vw 

2.84 

w 

2.57 

M 

2.52 

w 

2.42 

w 

2.31 

w 

2.19 

w 

2.12 

w 

1.95 

vw 

1.92 

vw 

1.80 

vw 

1.76 

vw 

a  d  —  interplanar  spacing  in  Angstroms;  I/Ii  =  estimated  relative 
intensity;  .  S  =  strong;  M  =  medium;  W  =  weak;  V  =  very.  Three 
strongest  lines  indicated  in  decreasing  order  of  intensity  by  (1),  (2),  and  (3). 
For  explanation  of  D  see  text. 

t  Data  obtained  using  a  camera  of  171.9-mm.  effective  diameter. 
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d 

I/h 

d 

I/h 

10. 

2-Ethylphenyl 

11. 

3-Ethylphenyl 

iv-phenylcar  bamate 

iV-phenylcar  bamate 

7.9 

S 

7.9 

S 

6.3 

M 

6.2 

M 

5.4 

(2) 

VS 

5.3 

(2) 

S 

4.71 

S 

4.63 

(3) 

S 

4.22 

(1) 

VS 

4.18 

(1) 

VS 

4.07 

S 

4.03 

s 

3.67 

(3) 

S 

3.62 

s 

3.20D 

S 

3.22 

s 

2.98 

w 

2.94 

M 

2.77 

M 

2.70 

M 

2.59 

M 

2.61 

M 

2.41 

M 

2.40 

S 

2.28 

W 

2.25 

w 

2.13 

M 

2.14 

M 

1.98 

w 

1.98 

W 

1.80 

w 

1.85 

W 

1.72 

M 

1.72 

W 

1.51 

VW 

1.66 

W 

1.44 

VW 

1.59 

W 

1.37 

VW 

1.49 

VW 

1.25 

VW 

1.42 

w 

1.17 

VW 

1.17 

VW 

16.  3,4-Dimethyl- 

17.  3,5-Dimethyl- 

phenyl 

IV-phenylcarbamate 

phenyl  IV-phenylcar- 
bamate 

8.2 

M 

7.7 

(3) 

S 

6.7 

M 

5.7 

(2) 

S 

5.5 

S 

4.76 

s 

4.83  (3) 

VS 

4.16 

(1) 

vs 

4.30  (2) 

vs 

3.70 

M 

3.70  (1) 

vs 

3.38 

M 

3.38 

s 

3.20 

M 

3.21 

M 

2.88 

M 

2.89D 

M 

2.55 

W 

2.71 

W 

2.40 

M 

2.53 

M 

2.15 

M 

2.23 

M 

1.89D 

W 

2.08 

VW 

1.82 

W 

2.00 

W 

1.72 

W 

1.90 

M 

1.63 

W 

1.82 

W 

1.43 

W 

1.66 

VW 

1.18 

VW 

1.58 

1.22 

VW 

VW 

1.08 

VW 

22. 

4-<ert-Amyl- 

23.  4(or  6)-(er<-Butyl- 

phenyl 

V-phenylcar- 

2-methylphenyl 

bamate 

A’-phenylcar  bamate 

8.1 

W 

6.6 

M 

6.5 

(2) 

s 

4.78D 

(1) 

VS 

4.59D 

(1) 

vs 

4.28 

M 

4.36 

M 

3.94 

M 

3.79D 

(3) 

s 

3.51 

(2) 

S 

3.35 

M 

3.12 

(3) 

S 

3.09 

M 

2.86 

M 

2.83 

M 

2.67 

W 

2.47 

M 

2.39 

M 

2.31 

W 

2.28 

W 

2.19 

W 

2.09 

w 

1.99 

W 

1.82 

w 

1.86 

VW 

1.62 

w 

1.74 

VW 

1.65 

VW 

28.  2,6-Diacetyl-3,5- 

29.  2-Cyclohexyl- 

dimethylphenol 

phenyl  A'-phenylcar- 

6.7D 

(3) 

S 

bamate 

5.7D 

M 

6.6 

M 

4.78 

M 

6.1 

M 

4.28 

M 

4 . 94  (2) 

S 

3.82 

(2) 

VS 

4.26D  (1) 

VS 

3.39 

U) 

VS 

3.55 

M 

3.28 

W 

3.26  (3) 

M 

3.12 

M 

3.10 

W 

2.87 

M 

2.92 

W 

2.58D 

M 

2.61 

VW 

2.41 

M 

2.47 

M 

2.26 

M 

2.31 

VW 

2.15 

VW 

2.13 

VW 

2.07 

w 

2.03 

VW 

1.98 

w 

1.84 

VW 

1.89 

w 

1.67 

VW 

1.84 

w 

1.62 

VW 

1.71 

M 

°  d  = 

interplanar  spacing  in  Angstroms;  1/1 

est  lines  indicated  in  decreasing  order  of  intensity 
explanation  of  D  see  text. 

b  Data  obtained  using  a  camera  of  171.9-mm.  e 


Table  II.  Powder  Diffraction  Data0  (Cont'd) 


d 

I/h 

d 

I/h 

12. 

4-Ethylphenyl 

13. 

2,3-Dimethyl- 

iV-phenylcar  bamate 

phenyl 

7.3 

M 

iv-phenylcarbamate 

6.5 

W 

7.8 

M 

5.5 

W 

6.2 

W 

4.73 

(2) 

s 

5.4 

(3) 

S 

4.32 

(1) 

vs 

4.66 

(2) 

VS 

3.94 

(3) 

s 

4.24 

(1) 

VS 

3.58 

M 

3.99 

M 

3.25D 

S 

3.68 

S 

2.83 

M 

3.21D 

S 

2.58 

W 

3.01 

W 

2.45 

W 

2.75 

w 

2.27 

W 

2.68 

w 

2.15 

W 

2.58 

w 

2.06 

W 

2.40 

M 

1.88 

W 

2.22 

VW 

1.79 

W 

2.12 

M 

1.65 

w 

2.06 

W 

1.55 

VW 

1.95 

VW 

1.47 

VW 

1.86 

VW 

1.78 

VW 

1.70 

VW 

18. 

2,4,6-Tri- 

19. 

2-ter(-Butvl-4- 

methylphenyl 

chlorophenyl 

iV-phenylcarbamate 

V-phenylcar  bamate 

8.1 

S 

8.5 

(3) 

S 

7.1 

M 

5.5 

S 

6.3 

M 

4.83 

(2) 

VS 

5.8 

(2) 

S 

4.32 

s 

4.83 

(1) 

VS 

3.65 

CD 

vs 

4.61 

w 

3.26 

M 

4.03 

(3) 

s 

3.02 

M 

3.81 

s 

2.89 

M 

3.59 

s 

2.68 

M 

3.26 

M 

2.40 

VW 

2.91D 

M 

2.26 

VW 

2.74 

W 

2.08 

W 

2.68 

W 

1.92 

W 

2.59 

w 

1.81 

W 

2.37 

M 

1.64 

VW 

2.23 

w 

1.52 

VW 

2.19 

w 

2.11 

VW 

1.96 

w 

1.83 

w 

1.76 

VW 

24.  6(or  4)-ter(-Butyl- 

25i>.  4(or  6b 

•tert- Bu- 

2-methylphenyl 

tyl-3-methylphenyl 

•V-phenylcarbamate 

JV-phenylcarbamate 

7.7 

VW 

12.0 

s 

6.4 

CD 

VS 

8.1 

M 

6.2 

VW 

7.3 

(3) 

S 

5.6 

VW 

6.3 

M 

4.86 

(2) 

vs 

5.9 

W 

3.94D 

(3) 

vs 

5.2 

VW 

3.40 

s 

4.82 

CD 

vs 

3.14 

M 

4.19 

(2) 

s 

2.82 

M 

3.71 

M 

2.47 

M 

3.54 

w 

2.28 

M 

3.21 

w 

2.07 

W 

2.89 

w 

1.96 

W 

1.77 

VW 

1.61 

VW 

30.  4-Cyclohexyl-  31.  2-(ert-Amyl-4- 

phenyl  A-phenylcar-  methylphenyl 

bamate  jV-phenylcarbamate 


7.8 

S 

8.6 

M 

6.7 

S 

6.5 

S 

4.47D 

CD  VS 

5.5 

(3) 

S 

3.98 

(2)  VS 

5.1 

(D 

VS 

3.67 

M 

4.30 

s 

3.20D 

(3)  S 

3.65 

(2) 

vs 

2.97 

S 

3.34 

M 

2.70 

M 

3.14 

M 

2.53 

W 

2.93 

M 

2.41 

M 

2.72 

M 

2.32 

W 

2.49 

M 

2.22 

M 

2.27 

M 

2.11 

W 

2.12 

M 

1.66 

M 

1.90D 

M 

1.61 

VW 

1.84 

M 

1.53 

VW 

1.80 

M 

1.47 

VW 

1.66 

1.39 

1.26 

M 

VW 

VW 

estimated  relative  in- 

1.22 

VW 

=  very.  Three  strong¬ 
s'  (D,  (2),  and  (3).  For 

1 . 12 
1.05 

VW 

VW 

diameter. 


d 

I/h 

i 

14. 

2,4-Dimethyl- 

156. 

2,5-Dimet 

phenyl 

phenyl  jV-phenvl 

iV-phenylcarbamate 

bamate 

5.6 

M 

7.7 

(2) 

5.1 

M 

7.2 

4.52 

(D 

VS 

6.6 

4.30 

M 

5.6 

4.05 

W 

5.0 

3.65 

(3) 

M 

4.56 

(3) 

3.31 

3.02 

(2) 

* 

4.33 

4.05 

(D 

2.76 

W 

3.91 

2.57 

W 

3.80 

2.43 

w 

3.60 

2.28 

VW 

3.50 

2.16 

VW 

3.44 

2.04 

VW 

3.34 

1.96 

VW 

3.25 

1.88 

Vw 

3.16 

1.74 

VW 

2.99 

1.66 

vw 

2.93 

20. 

21. 

4-Methyl-2 

4-(er(-Butylphenyl 

methylallyl)phei 

V-phenylcarbamate 

tf-phenyl  carban 

7.8 

M 

6.4 

7.4 

W 

5.8 

6.2 

M 

4.97 

4.56 

CD 

VS 

4.28 

CD 

3.98 

(2) 

S 

3.82 

(2) 

3.68 

w 

3.34 

(3) 

3.25 

(3) 

s 

3.18 

3.04 

M 

2.96 

2.88 

w 

2.67 

2.71 

w 

2.51 

2.34 

M 

2.31 

2.11 

W 

2.23 

1.98 

W 

2.00D 

1.87 

W 

1.92 

1.63 

W 

1.81 

1.55 

VW 

1.66 

1.59 

26.  2- 

-fert-Butyl-4- 

27.  4-Phenylphe 

methylphenyl 

JV-phenylcarban 

V-phenylcar  bamate 

8.4 

8.6 

M 

6.9 

7.5 

W 

5.8 

6.4 

M 

5.0 

5.4 

(3) 

S 

4.38 

(D 

4.81 

(D 

VS 

4.18 

(2) 

4.28D 

S 

3.98 

(3) 

3.63 

(2) 

s 

3.57 

3.27 

w 

3.14 

3.02 

M 

2.93 

2.89 

M 

2.64 

2.68 

W 

2.33D 

2.23 

VW 

2.11 

2.11 

W 

1.99 

1.90 

W 

1.84 

1.80 

W 

1.63 

1.66 

VW 

1.53 

VW 

1.43 

VW 

1.36 

VW 

32. 

4  (or  6) -tert- 

33. 

2-tert-Butyl 

Butyl-3-ethylphenyl 

ethylphenyl 

V-phenylcar  bamate 

iV-phenylcar  ban 

7.2 

(3) 

S 

7.3 

5.4 

W 

5.7 

(3) 

4,78 

CD 

VS 

4.63D  (1) 

4.59 

M 

4.36 

3.99 

(2) 

S 

3.81 

(2) 

3.57 

M 

3.62 

3.37 

M 

3.26 

3.04 

M 

3.04 

2.68 

W 

2.86 

2.47 

VW 

2.69 

2.35 

VW 

2.55 

2.25 

VW 

2.30 

2.08 

M 

2.22 

1.91 

W 

2.03 

1.77 

VW 

1.95 

1.55 

VW 

1.86 

1.78 

1.63 

y,  1944 
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I/h 

d 

I/h 

4. 

4  (or  6)-tert- 

35. 

6-tert-Butyl- 

tyl-2,3-dimethyl- 

2,4-dimethylphenyl 

nyl  .AT-phenylcar- 

JV-phenylcarbamate 

bamate 

8.0 

O'.  6 

W 

(2) 

VS 

(1) 

VS 

w 

5.8 

M 

i 

(1) 

vs 

4.83 

(2) 

VS 

3D  (3) 

s 

4.16 

(3) 

vs 

3 

s 

3.73 

s 

3 

M 

3.26 

s 

S 

w 

3.09 

s 

1 

VW 

2.92 

w 

l 

VW 

2.62 

w 

7 

w 

2.47 

M 

3 

M 

2.19 

s 

2 

VW 

2.07 

w 

5 

VW 

1.90 

M 

3 

M 

1.78 

VW 

3 

VW 

1.64 

VW 

7 

VW 

1.59 

VW 

7 

VW 

1.26 

VW 

l 

VW 

1.17 

VW 

} 

VW 

1.08 

w 

) 

VW 

> 

VW 

Table  II.  Powder  Diffraction  Dataa  (Cont’d) 

d  I 71 1  d  I/h 


36.  4-iert-Butyl 
2,5-dimethylphenyl 
V-phenylcarbamate 


37.  4-tert-Butyl- 
2,6-dimethylphenyl 
JV-phenylcarbamate 


8.4 

M 

6.5 

(2) 

S 

5.5 

W 

4.71 

(3) 

s 

4.32 

w 

3.86 

(1) 

vs 

3.52 

s 

3.37 

M 

3.04 

M 

2.68 

W 

2.57 

W 

2.30 

M 

2.17 

VW 

2.05 

W 

1.87 

W 

9.4 

S 

6.6D 

(3) 

VS 

5.8 

VW 

4.83 

(2) 

vs 

4.26 

(1) 

VS 

3.84 

vs 

3.67 

w 

3.50 

w 

3.17 

s 

2.76 

M 

2.39 

M 

2.17 

M 

2.05 

W 

1.96 

M 

1.88 

VW 

d  I/h 


38.  6-<er(-Butyl- 
3,4-dimethylphenyl 
JV-phenylcarbamate 


8.9 

M 

7.2 

(2) 

S 

5.5 

M 

4.89 

M 

4.34 

(1) 

VS 

4.00 

M 

3.62 

(3) 

S 

3.40 

M 

3.14 

M 

2.82 

M 

2.66 

W 

2.52 

W 

2.39 

W 

2.21 

M 

2.10 

M 

1.96 

M 

1.81 

M 

1.71 

VW 

1.63 

VW 

d  I/h 


39.  2,6-Diethyl- 
3,5-dimethylphenyl 
W-phenylcarbamate 


6.2 

(2) 

S 

5.7 

W 

4.94 

(1) 

VS 

4.41 

M 

3.79 

S 

3.62 

w 

3.48 

w 

3.19 

(3) 

s 

2.68 

w 

2.46 

w 

2.33 

w 

2.17 

w 

L.  98 

w 

1.91 

VW 

1.81 

w 

1.65 

w 

1.60 

w 

1 .48 

VW 

1.28 

VW 

1.24 

VW 

.  3,5-Diisopro- 

41.  3,5-DiisopropyI- 

42. 

2.6-Di -tert- 

-2-methylphenyl 

4-methylphenyl 

butyl-4-chlorophenol 

phenylcarbamate 

IV-phenylcarbamate 

7.5 

(2) 

S 

(2) 

S 

8.6 

M 

6.4 

M 

M 

7.6 

M 

4.78 

(1) 

VS 

r  (1) 

VS 

6.4 

S 

4.36 

(3) 

s 

i 

M 

4.89  (1) 

VS 

4.22 

s 

1 

M 

4.66 

M 

3.82 

M 

> 

M 

4.16 

S 

3.23 

M 

i  (3) 

M 

3.81  (3) 

S 

3.01 

W 

) 

W 

3.54 

W 

2.80 

W 

l 

W 

3.16  (2) 

S 

2.66 

VW 

W 

2.97 

VW 

2.51 

W 

i 

w 

2.72 

M 

2.39 

W 

VW 

2.46 

W 

2.20 

M 

VW 

2.24 

M 

1.92 

VW 

1 

VW 

2.14 

W 

1.66 

VW 

1.97 

W 

1.84 

W 

1.77 

W 

1.56 

VW 

1.47 

VW 

43.  4,6 

44.  4 

r,6-Di-£er<-bu- 

tyl-2-m  ethylpheny  1 

tyl-3- 

-methylphenvl 

JV-phenylcarbamate 

JV-phenylcarbamate 

7.9 

M 

7.8 

M 

6.4 

(2) 

S 

7.1 

M 

5.7 

M 

6.5 

M 

4.86 

(1) 

VS 

5.3 

(2) 

VS 

3.98 

(3) 

s 

4.47 

(1) 

VS 

3.78 

M 

4.16 

M 

3.27 

M 

3.79 

M 

3.17 

M 

3.35 

(3) 

S 

2.67D 

W 

2.88 

S 

2.30 

W 

2.76 

w 

2.19 

W 

2.59 

w 

2.09 

W 

2.23 

M 

1.94 

VW 

2.08 

M 

1.81 

VW 

1.91 

W 

1.66 

VW 

1.79 

W 

1.60 

VW 

1.67 

VW 

1.48 

VW 

1.55 

VW 

2-tert-Butyl-4- 

clohexylphenyl 

phenylcarbamate 

M 

W 

M 

(1)  VS 

i  (2)  M 
W 

w 

M 

M 

(3)  M 

VW 
W 

w 

VW 

w 

VW 

VW 

VW 

VW 


47.  4,6-Di-tert-butyl- 
3-ethylphenyl 
JV-phenylcarbamate 


8.6 

S 

7.4 

(3) 

S 

6.7 

M 

6.1 

W 

5.1 

(1) 

VS 

4.54D 

(2) 

s 

4.24 

s 

3.86 

s 

3.48 

s 

3.25 

s 

2.79 

VW 

2.54 

w 

2.41 

w 

2.24 

M 

2.06 

M 

1.98 

VW 

1.85 

VW 

1.75 

VW 

48. 

2,6-Di-tert-butyl 

4-ethylphenol 

8.3 

S 

6.3 

(1) 

VS 

5.2 

(3) 

s 

4.63 

s 

4.34 

(2) 

vs 

3.73 

M 

3.44 

M 

3.22 

M 

2.93 

M 

2.52 

W 

2.28 

M 

2.10 

M 

2.00 

W 

1.87 

W 

49.  4,6-Di-<er(-butyl- 
2,3-dimethylphenyl 
JV-phenylcarbamate 


8.0 

(3) 

VS 

7.2 

M 

5.8 

S 

5.4 

w 

4.59 

(1) 

vs 

4.32 

(2) 

vs 

3.71 

s 

3.39 

M 

3.16 

M 

2.88 

W 

2.68 

VW 

2.48 

VW 

2.24 

M 

2.08 

M 

1.92 

M 

50. 

2.4.6-Tri-/eri- 

butylphenol 

8.0 

(3) 

S 

6.6 

W 

5.1 

(1) 

VS 

4.49 

(2) 

s 

3.68 

M 

3.29 

w  • 

2.96 

w 

2.76 

M 

2.47 

M 

2.29 

W 

2.18 

W 

2.02 

M 

1.95 

W 

1.81 

W 

1.68 

W 

1.60 

VW 

1.26 

VW 

1.16 

VW 

°  d  interplanar  spacing  in  Angstroms;  I/Ii  =■  estimated  relative  in¬ 
tensity;  S  =  strong;  M  =  medium;  W  =  weak;  V  =  very.  Three  strongest 
lines  indicated  in  decreasing  order  of  intensity  by  (1),  (2),  and  (3).  For  ex¬ 
planation  of  D  see  text. 

6  Data  obtained  using  a  camera  of  171.9-mm.  effective  diameter. 


456. 

2.6-Di  •tert- 

butyl-4-methylphenol 

8.5 

(3) 

S 

7.6 

S 

6.7 

W 

6.1 

(1) 

VS 

5.8 

W 

5.1 

s 

4.66 

w 

4.52 

VW 

4.28 

(2) 

s 

4.08 

w 

3.86 

M 

3.65 

M 

3.37 

M 

3.27 

VW 

3.10 

W 

2.92 

W 

2.81 

M 

2.75 

VW 

2.68 

VW 

2.47 

w 

2.30 

w 

2.16 

w 

2.10 

w 

2.05 

M 

1.95 

w 

1.88 

w 

1.82 

w 

1.73 

VW 

1.70 

VW 

1.59 

w 

1.56 

VW 

1.52 

VW 

51. 

2.6-Di-^er^- 

butyl-4- 

cyclohexylphenol 

8.7 

w 

6.5D 

M 

5.8 

w 

5.1 

(2) 

s 

4.59 

(1) 

vs 

4.18 

(3) 

s 

4.00 

VW 

3.82 

VW 

3.47 

M 

3.14 

w 

2.82 

w 

2.49 

M 

2.33 

•vw 

2.23 

w 

2.09 

w 

1.92 

w 

i  instances  the  pertinent  data  in  Tables  I  and  II  refer  to  the 
aol  itself  and  a  footnote  to  Table  I  points  out  these  excep- 
s.  In  a  very  few  cases,  the  specific  structure  of  the  phenol  was 
known,  and  for  these  compounds  an  alternative  structure  is 
n  in  parentheses  and  the  boiling  point  of  the  compound  is 
cated.  For  example,  two  mono-fert-butyl  derivatives  of  o- 
ol  are  probable  in  which  the  ferf-butyl  radical  is  in  either  the 
6  position.  To  the  isomer  boiling  at  135°  C.  at  20  mm.,  the 
lula  2-methyl-4(or  6)-fer<-butylphenol  was  assigned,  while  to 
one  boiling  at  123°  C.  at  20  mm.  was  given  the  formula  2- 
byl-6(or  4)-ferf-butylphenol. 

henols  which  would  not  form  aryl  iV-phenylearbamates  by 
tion  with  phenyl  isocyanate  were,  in  general,  of  the  type  in 


which  both  positions  ortho  to  the  hydroxyl  were  occupied  by 
large  groups  which  hindered  the  activity  of  the  hydroxyl  hydro¬ 
gen.  Specifically,  these  were  2,6-diacetyl-3,5-dimethylphenol, 
2,6-di-ferf-butyl-4-chlorophenol,  2,6-di-tert-butyl-4-cyclohexyl- 
phenol,  2,4,6-tri-terf-butylphenol,  2,6-di-terJ-butyl-4-methyl- 
phenol,  and  2,6-di-terf-butyl-4-ethylphenol.  2-Nitrophenol 
reacts  only  to  a  very  limited  extent  with  phenyl  isocyanate  ( 6 ) 
and  for  this  reason  the  properties  of  its  derivative  are  not  in¬ 
cluded  in  this  paper. 

The  nonreactivity  of  2,6-di-terJ-butyl  substituted  phenols  is 
interesting  in  that  it  makes  possible  the  removal  of  admixed  2- 
ferf-butyl  substituted  phenols  upon  treatment  of  such  mix¬ 
tures  with  phenyl  isocyanate.  Advantage  of  this  fact  was  taken 
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in  the  preparation  of  2-ter<-butyl-4-cyclohexylphenyl-Ar-phenyl- 
carbamate  from  a  mixture  of  2-ter<-butyl-4-cyclohexylphenol  and 
2,6-di-ieri-butyl-4-cyclohexylphenol.  The  aryl  A’-phenylcar- 
bamate  obtained  had  a  sharp  melting  point  indicating  its  purity, 
and  its  elementary  analysis  (calculated:  C,  78.59;  H,  8.32; 
found:  C,  78.54;  H,  8.19)  indicated  that  only  the  mono-lert- 
butyl  derivative  reacted  with  the  phenyl  isocyanate. 
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Bomb  Furnace  for  Carius  Digestion 

LEON  A.  GREENBERG,  Laboratory  of  Applied  Physiology,  Yale  University,  New  Haven,  Conn. 


THE  oxidation  of  organic  material  in  a  sealed  glass  tube  at 
high  temperatures  and  pressures,  as  first  used  by  Carius  for 
the  determination  of  halides  (1),  is  still  used  for  the  determination 
of  halides,  sulfur,  and  nitrogen.  The  pressure  tubes  are  made  of 
heavy  Jena  glass  or  Pyrex;  they  are  carefully  flame-sealed,  avoid¬ 
ing  any  strain  in  the  glass,  and  are  heated  to  temperatures  as 
high  as  300°  C.  in  a  bomb  furnace.  The  pressure  developed 
within  the  tubes  is  so  great  that  they  frequently  explode,  causing 
considerable  damage  (2).  In  carrying  out  halide  determinations 
in  this  laboratory,  there  have  been  several  such  explosions.  The 
author  has  therefore  devised  a  bomb  furnace  in  which  the  danger 
of  explosion  is  eliminated. 

In  principle,  the  glass  pressure  tube  is  heated  in  an  atmos¬ 
phere  whose  pressures  approximate  the  pressure  developed 
within  the  tube.  A  diagram  of  the  furnace  (built  by  the  Bigelow 
Boiler  Works,  New  Haven,  Conn.)  is  shown  in  Figure  1.  It  con¬ 
sists  of  a  steel  tube  70  cm.  in  length,  4  cm.  in  diameter,  and 
closed  at  one  end.  The  wall  of  the  steel  tube  is  3  mm.  thick. 
The  open  end  has  a  flange  measuring  13  cm.  in  diameter  and  3 
cm.  in  thickness,  to  which  a  cap  of  similar  dimensions  can  be 
bolted.  The  cap  has  attached  to  it  a  steam  pressure  gage  read¬ 
ing  up  to  910  kg.  (2000  pounds),  a  safety  valve,  and  a  manual 
valve.  The  furnace  is  built  to  operate  safely  up  to  910  kg. 
(2000  pounds)  and  the  safety  valve  is  adjusted  to  open  at  700 
kg.  (1500  pounds).  The  steel  tube  is  supported  in  a  vertical  po¬ 
sition  by  a  metal  frame  and  is  heated  at  its  lower  end  by  vertical 
gas  burners. 

To  use  the  furnace,  water  is  placed  in  the  vertical  steel  tube  to 
a  depth  of  about  20  cm.  The  sealed  glass  bomb,  about  25  cm. 
in  length,  is  suspended  by  a  short  piece  of  cord  tied  at  one  end 
to  a  hook  drawn  out  at  the  sealed  end  of  the  tube,  and  at  the 
other  end  to  a  short  metal  bar  laid  across  the  mouth  of  the  steel 
tube.  The  glass  bomb  must  not  dip  into  the  water  and  must 
not  come  into  contact  with  the  wall  of  the  steel  tube.  This  is 
easily  accomplished  if  the  furnace  is  perfectly  vertical.  A  gasket 
is  placed  on  the  flanged  open  end  of  the  furnace  and  the  cap  is 
bolted  into  position.  With  the  manual  valve  open,  the  gas  burn¬ 
ers  are  lighted  and  when  the  vapor  starts  to  escape  from  this 
valve,  it  is  closed.  Heating  is  continued  until  the  desired  tem¬ 
perature  is  reached  as  estimated  by  the  pressure  on  the  gage. 
The  flame  is  then  adjusted  to  maintain  this  pressure.  At  the 
end,  the  flamp  is  turned  off  and  the  furnace  is  allowed  to  cool  until 
the  pressure  reading  is  not  more  than  a  few  pounds.  The  manual 
valve  is  then  opened  and  the  cap  is  removed. 

The  author  has  carried  out  many  Carius  digestions  with  this 
furnace,  using  Pyrex  tubes  of  ordinary  thickness,  without  losing 
one.  Although  the  unit  illustrated  holds  only  1  pressure  tube, 
a  multiple  unit  can  be  easily  constructed.  Besides  the  determina¬ 


tions  of  halides,  sulfur,  and  nitrogen,  many  other  procedures  u: 
in  laboratories,  such  as  aminization,  must  be  carried  out  in  gl 
bombs  at  high  temperatures.  For  such  purposes,  the  type 
furnace  described  here  is  useful  in  eliminating  the  danger  of ' 
plosion. 
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Direct  Photometric  Determination  of  Silicon 
in  Copper-Base  Alloys 

O.  P.  CASE,  The  American  Brass  Company,  Waterbury,  Conn. 


new  method  for  the  direct  photometric  determination  of  silicon  in 
sper-base  alloys  offers  considerable  advantage  over  the  regular 
vimetric  method  in  speed  and  simplicity  of  operation.  Deter- 
lations  of  silicon  in  a  group  of  manganese  bronze  samples  con- 
ling  up  to  0.1 5%  of  silicon  show  good  agreement  with  results 
tained  by  the  regular  gravimetric  method.  The  optimum  con- 
ions  for  the  development  and  evaluation  of  the  silicomolybdate 
or  complex  in  the  presence  of  copper  are  discussed.  A  method 
overcoming  the  interference  of  phosphorus  is  described. 

'HE  usual  gravimetric  determination  of  silicon  in  copper-base 
alloys  (2)  is  a  rather  lengthy  and  exacting  procedure.  Two 
hydrations  must  be  made  to  ensure  complete  separation  of  the 
con  and  where,  as  is  often  the  case,  insoluble  silicides  remain 
decomposed  after  the  first  dehydration,  these  must  be  fused 
th  sodium  carbonate  and  carried  through  two  more  dehydra- 
ns.  These  multiple  dehydrations  of  the  large  amount  of  salts 
ulting  from  a  5-gram  sample  must  be  made  slowly  and  carefully 
avoid  spattering.  Besides  the  time  consumed  by  dehydration, 
isiderably  more  time  must  be  spent  in  filtering,  igniting,  weigh- 
;,  and  volatilizing  the  separated  silica  and  reweighing  the 
itinum  crucible. 

In  the  present  emergency,  when  large  volumes  of  samples  must 
handled  daily  and  results  reported  quickly,  a  simpler  and  more 
lid  method  for  this  determination  is  highly  desirable.  A 
otometric  method  seemed  to  offer  the  best  possibility  along 
;se  lines. 

\  survey  of  the  literature  revealed  that  practically  all  the 
iposed  colorimetric  methods  for  the  determination  of  silicon 
',  20)  depend  upon  the  formation  of  a  silicomolybdate  complex 
the  reaction  of  silicic  acid  and  ammonium  molybdate  in  a 
derately  acid  solution.  This  method  is  often  credited  to 
enert  and  Wandenbulcke  ( 3 )  in  the  recent  literature,  but  the 
.ction  was  used  for  the  colorimetric  determination  of  silica  as 
g  ago  as  1898  by  Jolles  and  Neurath  (6).  The  method  in 
nous  modifications  has  been  used  for  the  determination  of 
con  in  fresh  water  (3,  6,  9),  in  sea  water  (13,  18,  19),  in  boiler- 
d  water  (15),  in  tissue  (8),  in  iron  and  steel  (11),  and  in  alumi¬ 
na-  and  magnesium-base  alloys  (1,  4,  5,  12).  No  reference 
lid  be  found  to  the  use  of  this  reaction  for  the  determination  of 
con  in  copper-base  alloys. 

rhat  the  reaction  has  not  been  so  employed  is  probably  due 
difficulty  in  obtaining  complete  solution  of  the  silicon  when 
linary  acids  are  used  for  dissolving  these  alloys.  The  thought 
urred  that  if  the  samples  were  dissolved  by  adding  a  little 
irofluoric  acid  to  the  regular  dissolving  acid,  and  the  excess 
irofluoric  acid  was  inactivated  by  the  addition  of  boric  acid 
.),  it  should  be  possible  to  obtain  a  solution  of  the  sample 
ich  could  be  treated  directly  with  ammonium  molybdate  to 
/elop  the  silicomolybdate  color  complex.  Experiment  showed 
s  to  be  true.  Solution  of  the  sample  must,  of  course,  take 
ce  in  a  platinum  container  and  all  contact  with  glass  must  be 
lided  until  after  the  addition  of  the  boric  acid,  as  hydrofluoric 
d  attacks  glassware. 

’resumably  the  following  reactions  take  place:  Silicides  are 
solved  by  action  of  the  hydrofluoric  acid,  forming  silicon  tetra- 
tride  which  reacts  with  water  to  form  silicic  acid  and  fluo- 
cic  acid.  Since  the  amount  of  silicic  acid  is  small,  it  does  not 
eipitate.  The  boric  acid  reacts  with  the  excess  hydrofluoric 
d,  forming  fluoboric  acid  (7).  Experiment  has  shown  that 


the  silicon  in  fluosilicic  acid  reacts  with  ammonium  molybdate 
to  produce  the  same  color  as  an  equivalent  amount  of  silicon  in 
silicic  acid.  The  hydrofluoric  acid  also  appears  to  form  stable 
complexes  with  tin  and  iron  when  these  are  present  in  the  sample, 
preventing  the  precipitation  of  metastannic  acid  and  the  forma¬ 
tion  of  the  colored  iron  molybdate  complex  noted  by  Thayer  (18). 
Free  hydrofluoric  acid  prevents,  or  greatly  retards,  the  forma¬ 
tion  of  the  silicomolybdate  complex. 

PROPOSED  METHOD 

Solutions  and  Reagents  Required.  Dilute  Nitric  Acid 
(1  to  2).  Dilute  1  volume  of  reagent  nitric  acid  with  2  volumes 
of  water. 

Hydrofluoric  Acid  (48%),  reagent  grade.  Even  the  best 
grades  of  hydrofluoric  acid  appear  to  contain  a  small  amount  of 
fluosilicic  acid. 

Boric  Acid  (saturated  solution).  Dissolve  65  grams  of  reagent 
boric  acid  crystals,  H»BOj,  in  1  liter  of  hot  water.  Cool  to  room 
temperature. 

Ammonium  Molybdate  (10%).  Dissolve  100  grams  of  reagent 
ammonium  molybdate  crystals,  (NH,)6Mo70'24.4H20,  in  hot 
water.  Cool  and  dilute  to  1  liter.  Filter  if  the  solution  is  not 
clear. 

Citric  Acid  (10%).  Dissolve  100  grams  of  reagent  citric  acid 
crystals,  CeHsCL.^O,  in  water  and  dilute  to  1  liter. 

Standard  Silicate  Solution  (1  ml.  =  0.0001  gram  of  silicon). 
Fuse  0.2141  gram  of  pure  anhydrous  silica,  Si02,  with  2  grams  of 
sodium  carbonate  in  a  platinum  crucible.  Heat  at  slightly  above 
fusion  temperature  for  about  15  minutes,  cool,  and  dissolve  the 
melt  in  warm  water,  using  a  platinum  dish  for  a  container.  Cool 
the  solution  and  transfer  to  a  1000-ml.  volumetric  flask.  Dilute 
to  the  mark  and  mix  thoroughly.  Store  the  solution  in  a  wax  or 
hard-rubber  bottle. 

Preparation  of  Calibration  Curve  (for  alloys  containing 
up  to  0.20%  silicon).  Weigh  portions  of  high-purity  copper 
equivalent  to  the  amount  of  copper  (±25  mg.)  present  in 
a  1-gram  sample  of  the  alloy  under  test.  Very  fine  pieces 
of  metal  (35-mesh)  and  light,  feathery  drillings  should  be 
avoided,  as  they  react  too  vigorously  with  the  dissolving  acid. 
Transfer  to  platinum  crucibles  of  at  least  20-ml.  capacity  fitted 
with  covers.  Somewhat  larger  crucibles  are  preferable  if  avail¬ 
able.  To  each  portion  of  metal  add  10  drops  of  hydrofluoric 
acid  (0.3  to  0.4  ml.)  followed  by  an  amount  of  dilute  nitric  acid 
(1  to  2)  equivalent  to  0.6  ml.  for  each  100  mg.  of  metal  plus  6  ml. 
in  excess.  Cover  the  crucibles  and  let  stand  until  the  vigorous 
reaction  has  subsided,  when  they  may  be  placed  on  the  steam 
plate  to  complete  solution.  With  the  aid  of  a  long-stemmed 
hard-rubber  or  plastic  funnel,  transfer  the  contents  of  the  cru¬ 
cibles  to  200-ml.  volumetric  flasks  containing  25  ml.  of  boric  acid 
solution.  Rinse  the  crucibles  and  sides  of  the  flasks  and  im¬ 
mediately  swirl  the  flasks  to  mix  the  solutions  thoroughly. 
From  a  microburet  add  amounts  of  standard  silicate  solution  to 
cover  the  desired  range  of  silicon  in  steps  of  0.2  mg.  Cool  the 
solutions  to  room  temperature  and  add  10  ml.  of  ammonium 
molybdate  solution  to  each.  Dilute  to  the  mark  and  mix  thor¬ 
oughly.  Let  the  solutions  stand  for  15  minutes  and  read  the 
transmission  or  relative  density  of  the  color  with  a  photometer 
at  approximately  410  millimicrons.  Plot  the  photometer  readings 
against  milligrams  of  silicon,  or  per  cent  of  silicon.  The  curve 
approximates  a  straight  line.  Alternately,  a  calibration  curve 
may  be  plotted  by  using  several  carefully  analyzed  samples  of  the 
alloy  under  test  as  standards,  covering  as  wide  a  range  of  silicon 
content  as  possible. 

While  this  method  of  calibration  automatically  compensates 
for  the  reagent  blank,  this  blank  may  vary  for  different  lots  of 
reagents,  and  it  is  desirable  to  run  either  a  synthetic  standard 
or  an  analyzed  sample  of  the  alloy  under  test  to  determine 
whether  or  not  a  correction  should  be  applied  each  time  a  new  lot 
of  reagents  is  used. 

Procedure  for  Samples.  Treat  a  1-  to  1.0050-gram  sample 
of  the  alloy  under  test  exactly  as  described  above,  omitting  addi¬ 
tion  of  the  standard  silicate  solution.  Read  per  cent  silicon 
directly  from  calibration  curve. 
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Table  I.  Silicon  in  Ounce  Metal 

(National  Bureau  of  Standards  Standard  Sample  124,  per  cent  composition: 
copper,  83.77;  zinc,  5.46;  tin,  4.69;  lead,  4.78;  iron,  0.38;  nickel,  0.45; 
antimony,  0.23;  sulfur,  0.071;  phosphorus,  0.037;  silicon,  0.075.  Evelyn 
photoelectric  colorimeter,  filter  400) 


Citric  Acid 

Colorimeter 

Silicon,  Per  Cent 

Colori-  B.  of  S. 

Differ¬ 

Added 

Reading 

metric 

certificate 

ence 

Ml. 

0 

30  75 

0.086 

0.075 

+0.011 

0 

31.00 

0.085 

0.075 

+  0.010 

5 

35.50 

0.073 

0.075 

-0.002 

5 

35.00 

0.074 

0.075 

-0.001 

5 

35.00 

0.074 

0.075 

-0.001 

5 

35.00 

0.074 

0.075 

-0.001 

5 

34.75 

0.075 

0.075 

0.000 

5 

34.50 

0.076 

0.075 

+  0.001 

DISCUSSION 

The  method  of  solution  causes  no  significant  loss  of  silicon 
volatilized  as  silicon  tetrafluoride,  provided  the  crucibles  are 
covered  and  the  pieces  of  sample  metal  are  not  so  fine  as  to 
cause  an  exceedingly  vigorous  reaction  which  would  bring  the 
metal  to  the  surface  of  the  solution.  Samples  of  silicon  bronze 
containing  as  high  as  15  mg.  of  silicon  have  been  dissolved  in 
this  way  with  no  significant  loss  of  silicon. 

The  amount  of  hydrofluoric  acid  added  in  dissolving  the 
sample  should  be  kept  to  the  minimum  necessary  for  complete 
solution  of  the  silicon  (and  tin  if  present) ;  0.3  to  0.4  ml.  is  ample 
for  amounts  of  silicon  up  to  15  mg.  This  amount  of  hydro¬ 
fluoric  acid  (48%  reagent  grade)  may  contain  as  much  as  0.1  mg. 
of  silicon  as  fluosilicic  acid. 

The  amount  of  boric  acid  solution  used  is  not  critical,  provided 
enough  is  present  to  react  with  the  excess  hydrofluoric  acid. 
Using  the  technique  described  in  the  proposed  method,  25  ml.  of 
a  saturated  solution  of  boric  acid  are  ample  for  inactivating  the 
excess  hydrofluoric  acid.  If  desired,  1  gram  of  dry  boric  acid 
crystals  may  be  added  directly  to  the  sample  contained  in  the 
platinum  crucible  after  solution  is  complete,  the  crucible  being 
heated  gently  until  the  boric  acid  dissolves.  Alternately,  the 
solution  of  the  sample  may  be  mixed  with  a  saturated  boric  acid 
solution  in  a  platinum  dish.  The  last  two  techniques  obviate 
the  necessity  for  using  a  funnel  of  nonsilicate  material  in  trans¬ 
ferring  to  the  volumetric  flask. 

The  amount  of  diluted  nitric  acid  (1  to  2)  used  in  dissolving 
the  sample  affects  the  color  developed  considerably;  12  to  14  ml. 
of  acid  for  a  1-gram  sample  diluted  to  200  ml.  give  the  most  in¬ 
tense  color.  The  optimum  pH  for  maximum  color  intensity  was 
found  to  be  0.75  to  1.25,  using  the  quinhydrone  electrode.  This 
pH  is  somewhat  lower  than  has  been  recommended  by  Knudson 
et  al.  (9)  but  is  in  substantial  agreement  with  the  findings  of 
Schwartz  (15). 

At  the  pH  recommended,  the  full  color  of  the  silicomolybdate 
complex  develops  almost  immediately  and  does  not  fade  appre¬ 
ciably  for  at  least  30  minutes. 

Eight  to  10  ml.  of  10%  ammonium  molybdate  solution  in  a 
total  volume  of  200  ml.  give  the  maximum  color  development. 
Less  molybdate  retards  the  color  development,  but  amounts  in 
excess  of  10  ml.  do  not  appreciably  increase  the  intensity  of  the 
color. 

Investigation  of  the  spectral  transmittance  of  each  of  the  two 
colored  components  of  the  copper  nitrate-silicomolybdate  solu¬ 
tion  showed  that  the  maximum  transmittance  of  the  copper 
nitrate  occurred  below  430  millimicrons  and  that  the  maximum 
absorption  of  the  silicomolybdate  complex  occurred  at  410  to 
420  millimicrons.  These  findings  indicate  the  use  of  a  filter 
which  has  a  maximum  transmission  between  400  and  430  milli¬ 
microns.  Schwartz  and  Morris  (16)  have  recommended  a  filter 
transmitting  in  the  neighborhood  of  410  millimicrons  for  maxi¬ 
mum  sensitivity  in  reading  the  color  values  of  silicomolybdate 
solutions. 

The  maximum  sensitivity  of  the  silicomolybdate  color  read  at 


approximately  410  millimicrons  is  obtained  when  the  concent 
tion  of  silicon  is  not  greater  than  1.0  mg.  per  100  ml.  Whil< 
detailed  procedure  is  given  only  for  those  copper-base  allc 
which  contain  not  more  than  0.20%  silicon,  and  the  recommenc 
amounts  of  reagents  are  based  upon  a  1-gram  sample  diluted 
200  ml.,  preliminary  experiments  with  silicon  bronze  alloys  in 
cate  that  by  suitable  dilution  or  the  use  of  a  smaller  sample 
bring  the  concentration  of  the  silicon  into  the  most  sensit: 
range,  copper-base  alloys  containing  up  to  3.50%  of  silicon  m 
be  analyzed  by  this  method. 

A  few  elements  other  than  silicon  also  form  colored  compte: 
with  molybdic  acid,  notably  phosphorus,  germanium,  and 
senic  (10).  Of  these,  the  arsenic  complex  is  not  formed  at  roi 
temperature,  and  germanium  is  a  very  rare  constituent  of  copp 
base  alloys.  Infrequently  a  small  amount  of  phosphorus  re 
occur  as  an  impurity  in  copper-base  alloys  containing  silici 
Under  the  analytical  conditions  described  in  the  propos 
method,  a  given  amount  of  phosphorus  develops  somewhat  1 
than  half  the  color  intensity  of  an  equal  amount  of  silicon.  I 
practical  purposes,  amounts  of  phosphorus  less  than  0.01 
appear  to  have  no  significant  influence  on  the  silicon  determii 
tion.  Where  phosphorus  is  present  in  amounts  large  enough 
cause  interference,  the  colored  phosphorus  complex  may 
selectively  destroyed  by  the  addition  of  citric  acid  (15).  Oxs 
acid  which  has  been  recommended  for  this  purpose  by  Schwa 
(15)  cannot  be  used  in  the  presence  of  copper,  owing  to  the 
solubility  of  copper  oxalate. 


Table  II.  Silicon  in  Manganese  Bronze 


(Approximate  per  cent  composition:  copper,  60;  tin,  up  to  2.50;  iron 
manganese,  0.03;  silicon,  up  to  0.15;  zinc,  balance.  Evelyn  photoelec 
colorimeter,  filter  400) 


Sample 

Colorimeter 

Silicon,  Per  Cent 

Diff 

No. 

Reading 

Colorimetric 

Gravimetric 

enc 

8,194 

46.50 

0.050 

0.050 

0. 

46.00 

0.051 

+0. 

13,520 

36.25 

0.072 

0.067 

+0. 

36.75 

0.070 

+  0. 

13,519 

35.50 

0.073 

0.070 

+0. 

34.75 

0.075 

+0. 

7,725 

35.25 

0.074 

0.071 

+  0. 

35.25 

0.074 

+0. 

8,159 

36.25 

0.071 

0.073 

-0. 

35.75 

0.072 

-0. 

4,627 

34.25 

0.076 

0.078 

-0. 

35.25 

0.074 

-0. 

13,518 

28.00 

0.095 

0.092 

+0. 

27.25 

0.098 

+0. 

7,721 

28.75 

0.093 

0.093 

0. 

28.25 

0.094 

+0. 

8,907 

26.00 

0.102 

0.101 

+0. 

25.00 

0.106 

+0. 

7,969 

23.25 

0.114 

0.112 

+0. 

22.50 

0.117 

+0. 

6,952 

23.25 

0.114 

0.113 

+0. 

23.00 

0.115 

+0. 

7,967 

24.00 

0.110 

0.116 

+0. 

22.75 

0.116 

0. 

8,201 

20.00 

0.130 

0.131 

-0. 

21.00 

0.125 

-0. 

8,167 

18.50 

0.140 

0.133 

+0. 

18.25 

0.141 

+0. 

8,165 

16.25 

0.155 

0.154 

+0. 

17.00 

0.150 

-0. 

To  determine  silicon  in  the  presence  of  phosphorus,  the  sam; 
is  treated  as  described  under  Proposed  Method  until  the  a 
monium  molybdate  has  been  added,  then  the  sample  solution 
diluted  to  175  ml.  and  let  stand  for  10  minutes.  Five  millilit 
of  10%  citric  acid  are  added,  diluted  to  the  mark,  and  mis 
thoroughly,  and  the  color  value  is  read  at  once. 

Under  the  above  conditions  the  phosphorus  complex  is  bleach 
almost  at  once,  while  the  silicon  complex  is  not  significan 
affected  for  several  minutes;  5  ml.  of  10%  citric  acid  are  sufficie 
to  destroy  the  color  developed  by  2.5  mg.  of  phosphorus. 

Samples  of  National  Bureau  of  Standards  ounce  metal  (Star 
ard  Sample  124)  containing  0.037%  phosphorus  and  0.075 
silicon  were  analyzed  colorimetrically  for  silicon,  both  with  a 
without  additions  of  citric  acid.  Results  are  shown  in  Table  I. 

RESULTS  ON  COMMERCIAL  COPPER-BASE  ALLOYS 

Samples  of  manganese  bronze,  having  a  composition  of  £ 
proximately  60%  copper,  up  to  2.50%  tin,  1%  iron,  0.03 
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anganese,  up  to  0.15%  silicon,  and  the  balance  zinc,  were 
lalyzed  for  silicon  both  by  the  regular  gravimetric  method  using 
gram  samples  and  by  the  colorimetric  method  here  presented, 
esults  are  shown  in  Table  II.  Good  agreement  between  the 
icon  values  obtained  by  the  two  methods  is  indicated.  Indi¬ 
dual  determinations  were  usually  reproducible  within  5%.  All 
e  photometric  readings  were  taken  with  an  Evelyn  photoelectric 
lorimeter,  using  the  Evelyn  No.  400  filter  which  has  a  trans- 
ission  range  of  380  to  430  millimicrons. 
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Determination  of  Germanium  in  Steel 

ALFRED  WEISSLER 

Naval  Research  Laboratory,  Anacostia  Station,  Washington,  D.  C. 


gravimetric  method  for  the  analysis  of  germanium  in  steel 
iich  is  free  from  any  known  interference,  consists  of  separation  of 
rmanium  by  distillation  of  the  tetrachloride,  precipitation  of 
rmanium  in  the  distillate  with  tannin,  and  ignition  to  the  ox- 
s.  This  method  yielded  entirely  satisfactory  results,  the  average 
or  being  of  the  order  of  0.001%  in  steels  containing  up  to 
5%  of  germanium.  Using  synthetic  standards,  it  was  shown  to  be 
plicable  to  steels  containing  up  to  0.5%  of  germanium,  or  up 
5%  of  germanium  if  a  1-gram  sample  is  used  instead  of  10 
ims.  With  a  single  distillation  apparatus,  an  average  of  four 
terminations  a  day  can  be  completed. 


URING  an  investigation  at  the  Naval  Research  Laboratory, 
it  was  necessary  to  analyze  several  samples  of  steel  for 
'maniun.  No  method  for  the  determination  of  germanium 
steel  was  found  in  the  literature;  however,  by  suitable  modi- 
itions  of  the  methods  given  for  the  analysis  of  residues  and 
les,  it  was  possible  to  work  out  a  satisfactory  method  for 
;ermining  moderate  amounts  of  germanium  in  steel. 

The  most  convenient  method  for  the  separation  of  germanium 
m  practically  all  other  elements  normally  present  in  steel  is 
tillation  of  germanium  tetrachloride  from  a  hydrochloric  acid 
ution;  this  method  was  devised  by  Buchanan  (5)  for  separating 
manium  from  germaniferous  zinc  oxide  residues.  Tin  and 
enic  may  be  expected  to  accompany  germanium  into  the  dis- 
ate,  but  contamination  by  tin  can  be  avoided  by  adding 
furic  acid  to  the  solution  before  distillation  (9).  Contamina- 
n  by  arsenic  can  be  completely  eliminated  through  the  method 
Dennis  and  Johnson  (7)  by  distilling  in  a  current  of  chlorine 
1  using  an  efficient  still  head.  Under  these  conditions  arsenic 
:hloride  is  oxidized  to  the  less  volatile  pentachloride  and  a 
mration  from  germanium  may  be  obtained. 

Towever,  the  separation  of  germanium  from  moderate  amounts 
arsenic  is  unnecessary,  since  Davies  and  Morgan  ( 6 )  have 
>wn  that  germanium  may  be  satisfactorily  determined  in  the 
sence  of  arsenic  by  precipitation  of  the  former  with  tannic 
d.  The  oldest  gravimetric  method  for  germanium  is  Winkler’s, 
which  germanium  sulfide  is  precipitated  from  strong  acid 


solution,  treated  with  nitric  acid,  and  ignited  to  the  oxide  {13). 
Because  of  the  danger  of  loss  in  this  procedure,  Johnson  and 
Dennis  {11)  prefer  to  dissolve  the  sulfide  in  ammonium  hydroxide 
and  then  to  oxidize  with  hydrogen  peroxide;  in  either  case,  com¬ 
plete  precipitation  of  germanium  as  the  sulfide  requires  24  hours 
or  longer,  and  arsenic  is  also  precipitated.  Other  methods 
are  precipitation  of  the  8-hydroxyquinolate  of  germanomolybdic 
acid  {3,  4)  and  colorimetric  determination  of  the  blue  reduction 
product  obtained  by  treating  germanomolybdic  acid  with 
ferrous  sulfate  {10).  The  colorimetric  method  is  subject  to 
interferences  from  traces  of  arsenic,  silica,  and  phosphorus. 

Preliminary  work  indicated  the  superiority  of  the  tannin 
method  over  other  published  procedures  for  the  determination 
of  germanium.  Slow  evaporation  to  dryness  of  a  pure  german¬ 
ium  solution  containing  hydrofluoric,  hydrochloric,  perchloric, 
and  sulfuric  acids,  followed  by  ignition  to  the  oxide  {2)  gave 
accurate  results  in  this  laboratory,  but  was  too  time-consuming. 
Determination  of  germanium  by  precipitation  and  weighing  as 
magnesium  orthogermanate  {12)  gave  high  results  in  prelimi¬ 
nary  experiments,  as  has  been  noted  by  others  {6). 

It  seemed  best  to  separate  germanium,  with  a  small  amount 
of  arsenic,  from  the  other  elements  present  in  steel  by  distilla¬ 
tion  from  a  solution  containing  hydrochloric  and  sulfuric  acids, 
and  then  to  precipitate  the  germanium  in  the  distillate  with 
tannic  acid. 

EXPERIMENTAL 

Mixtures  of  10  grams  of  various  germanium-free  steels  with 
weighed  amounts  of  Adam  Hilger’s  “spectroscopically  stand¬ 
ardized”  grade  of  germanium  metal,  ground  to  pass  a  100- 
mesh  sieve,  were  analyzed  by  the  procedure  described  below, 
The  results  obtained  are  shown  in  Table  I. 

The  germanium-bearing  steels  under  investigation  were  an¬ 
alyzed  by  the  same  method  (Table  II). 

RECOMMENDED  PROCEDURE 

Transfer  10.00  grams  of  the  germanium  steel  sample  to  a  500- 
ml.  round-bottomed  flask  with  standard  taper  neck  and  add  a 
mixture  of  10  ml.  of  nitric  acid  and  100  ml.  of  1  to  4  sulfuric 
acid.  When  most  of  the  action  has  ceased,  boil  the  mixture 
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Table  I.  Analysis  of  Steel-Germanium  Mixtures 


(100-mesh  metallic  germanium  +  10  grams  of  steel) 

Germanium  Taken 

Germanium  Found 

Error 

Gram 

Gram 

Gram 

0.0024 

0 . 0022 

-0.0002 

0.0051 

0.0051 

0 . 0000 

0.0051 

0.0053 

+  0.0002 

0.0127 

0.0128 

+  0.0001 

0.0178 

0.0177 

-0.0001 

0 . 0259 

0.0259 

0.0000 

0.0401 

0.0402 

+0.0001 

0.0466 

0.0464 

-0.0002 

0.0510 

0.0511 

+  0.0001 
Av.  0.0001 

Table  II.  Analysis  of  Germanium  Steels 

Sample 

Germanium  Added  to 
Steel  during  Melting, 
Approximate 

Germanium  Found 

GHB 

% 

0.053 

% 

0.051 

GHC 

0.11 

0.052 

0.053 

0.102 

GHD 

0.17 

0.102 

0.161 

0.162 

0.160 

0.161 

0.161 

gently  for  30  minutes  to  ensure  complete  solution  of  the  ger¬ 
manium.  Cool  somewhat  and  add  5  grams  of  copper  turnings 
to  destroy  the  excess  of  nitric  acid.  Boil  3  minutes  to  expel 
oxides  of  nitrogen. 

Wash  down  the  inside  of  the  flask  with  enough  water  to  make 
the  total  volume  about  150  ml.,  and  cool  the  solution  in  an  ice 
bath.  Add  200  ml.  of  hydrochloric  acid  and  immediately 
connect  to  the  distilling  apparatus  (Figure  1).  An  efficient 
fractionating  device,  the  Widmer  column,  is  included  in  the 
distilling  apparatus  in  order  to  minimize  contamination  by 
higher-boiling  metal  chlorides.  Details  of  the  construction  of 
the  column  are  given  by  Adkins  and  McElvain  (1).  Two  pre¬ 
cautions  are  taken  against  suck-back  during  distillation:  a 
pressure-equalization  pinchcock,  C,  is  provided  at  the  top  of  the 
fractionating  column  and  a  safety  bulb,  B,  5  cm.  (2  inches)  in 
diameter  is  included  in  the  adapter. 

Start  the  distillation,  adjusting  the  rate  of  heating  so  that 
the  constant-boiling  hydrochloric  acid  distills  over  at  the  rate 
of  one  drop  in  about  5  seconds,  and  collect  20  to  30  ml.  of  dis¬ 
tillate  in  100  ml.  of  ice-cold  water  in  the  receiver.  Nearly  all 
the  germanium  tetrachloride  (b.p.  86°  C.)  comes  over  before  any 
of  the  constant-boiling  acid. 

Disconnect  the  apparatus,  wash  the  adapter  with  a  jet  of 
water,  and  add  2  grams  of  hydroxylamine  hydrochloride  to  the 
distillate  to  reduce  any  oxidizing  substances.  With  stirring, 
add  30  ml.  of  a  fresh  5%  tannin  solution,  and  then  a  few  drops 
of  methyl  red  indicator.  Add  ammonia  until  the  solution  is 
alkaline,  then  make  it  barely  acid  by  dropwise  additions  of 
sulfuric  acid  and  add  10  drops  in  excess.  Davies  and  Morgan 
(6)  state  that  acidity  as  high  as  1.0  N  sulfuric  acid  is  permissible. 
The  10-drop  excess  in  a  volume  of  200  ml.  gives  an  acidity  of 
about  0.08  N,  which  seems  to  be  well  within  the  safe  limits. 
Heat  the  mixture  to  incipient  boiling  and  allow  to  stand  until 
the  flocculent  precipitate  has  settled  and  the  solution  is  cool. 

Filter  the  precipitate  through  a  15-cm.  No.  40  Whatman  paper, 
washing  until  completely  free  of  chlorides  with  a  wash  water 
containing  50  grams  of  ammonium  nitrate,  5  grams  of  tannin, 
and  5  ml.  of  nitric  acid  per  liter.  Ignite  cautiously  at  first  in  a 
weighed  platinum  crucible,  then  at  600°  C.  for  about  an  hour. 
Allow  to  cool,  treat  with  5  drops  of  sulfuric  acid  and  3  ml.  of 
nitric  acid,  and  evaporate  to  dryness  to  destroy  most  of  the 
remaining  carbon.  Ignite  again  below  600°  C.  until  all  carbon 
is  burned  off  and  finally  ignite  the  white  residue  at  900°  to  1000°  C. 
for  10  minutes  and  weigh  as  germanium  dioxide. 

Correct  for  the  weight  of  a  blank  obtained  by  carrying  10 
grams  of  germanium-free  steel  through  the  procedure,  and 
multiply  the  weight  of  germanium  dioxide  in  grams  by  6.941  to 
obtain  the  percentage  of  germanium  in  the  steel. 

DISCUSSION 

Preliminary  work  showed  that  hydrochloric  acid  could  be 
substituted  for  sulfuric  acid  in  the  tannin  precipitation  pro¬ 


cedure,  and  that  considerable  variations  in  the  amounts  of  hy 
drochloric  and  nitric  acids  present  in  the  distillate  caused  m 
difficulty'. 

Entirely'  satisfactory  results  were  obtained  through  the  use  o 
the  recommended  procedure,  which  gave  a  reproducibility  o 
0.002%  in  comparison  with  another  recent  method  for  ger 
manium  (4),  the  reproducibility  of  which  is  stated  as  0.02%;  bu 
extreme  care  must  be  taken  to  wash  the  precipitate  complete! 
free  of  chlorides,  or  loss  of  germanium  will  occur  upon  ignition 


The  ignition  must  be  performed  at  900°  to  1000°  C.  Abov 
this  range,  germanium  dioxide  begins  to  volatilize;  below  ii 
results  are  too  high,  perhaps  because  of  incomplete  decompos 
tion  of  germanium  sulfate. 

Germanium  tetrachloride  vapors  are  reported  to  be  difficul 
to  condense  ( 2 ,  8).  Several  trials  were  made  for  the  purpo- 
of  determining  whether  germanium  was  lost  because  of  ii 
complete  condensation,  but  no  germanium  was  ever  found  i 
the  wash  water  of  a  Milligan  gas-w'ashing  bottle  through  whic 
the  gases  were  led  after  bubbling  through  the  ice  water. 

An  effort  was  made  to  determine  whether  any'  germaniui 
was  present  in  the  insoluble  residue  remaining  after  solutio 
and  distillation  of  a  germanium  steel. 

This  insoluble  residue  was  filtered  off,  washed  thorough!' 
first  with  hot  1  to  9  hydrochloric  acid  and  finally  with  hot  watei 
ignited,  and  fused  with  sodium  carbonate  and  sodium  nitrate 
The  melt  was  dissolved  in  water  and  then  acidified  wit 
sulfuric  acid,  200  ml.  of  hydrochloric  acid  were  addec 
and  the  solution  was  distilled  and  analysed  for  germaniui 
as  usual.  With  a  10-gram  sample  of  steel  GHD,  no  germaniui 
was  found  in  the  acid-insoluble  residue.  When  50-grar 
samples  were  treated  in  the  same  maimer,  GHB  was  found  t 
contain  0.002%  and  GHC  0.003%  of  acid-insoluble  germaniun 
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Determination  of  Magnesia  in  Magnesite  and  Dolomite 

A  Potentiometric  Method 

A.  J.  BOYLE,  CLYDE  C.  CASTO,  and  RALPH  M.  HANEY 
Technical  Service  Laboratories,  Basic  Magnesium,  Incorporated,  Las  Vegas,  Nevada 


e  magnesia  content  of  magnesites  and  dolomites  may  be  deter- 
ned  by  potentiometric  titration,  using  a  glass  electrode.  Excess 
id  present  on  solution  of  the  sample  is  neutralized  with  analytical 
igent  calcium  carbonate.  The  titration  is  made  in  a  hot  50% 
lution  of  alcohol,  with  standard  carbonate-free  caustic.  Weak 
ses  such  as  iron,  aluminum,  and  titanium  normally  present  in  mag- 
site  and  dolomite  do  not  interfere.  The  method  attains  an  ac- 
racy  which  compares  favorably  with  that  of  the  ammonium  phos- 
ate  procedure  for  magnesium  and  is  much  less  time-consuming. 


"HE  determination  of  magnesia  in  magnesite  and  dolomite  by 
precipitation  as  magnesium  ammonium  phosphate  is  tedious 
d  time-consuming.  Hildebrand  and  Harned  ( 1 )  attempted 
determine  magnesia  in  limestone  potentiometrically  by  means 
a  hydrogen  electrode.  Zhukov  and  Gortikov  (3)  and  Tread¬ 
'll  and  Bernasconi  (2)  investigated  a  potentiometric  system  for 
dmating  magnesia,  employing  antimony  as  the  indicator 
ictrode. 

The  potentiometric  method  described  in  this  paper  makes  use 
a  glass  electrode-saturated  calomel  system.  The  magnesium 
It  is  titrated  in  a  hot  50%  solution  of  alcohol  with  standard 
iium  hydroxide.  The  excess  acid  normally  present  after  solu- 
m  of  the  sample  is  neutralized  with  carbonate-free  caustic  or 
th  analytical  reagent  calcium  carbonate.  The  latter  markedly 
nimizes  the  error  due  to  weak  bases.  All  titrations  are  made 
ing  a  Leitz  Titrimeter  Model  G  &  D.  No  absolute  potential 
lues  are  listed  in  this  investigation. 


hydroxide.  Permit  the  solution  to  come  to  equilibrium  and  ad¬ 
just  the  titrator,  using  the  maximum  sensitivity.  Continue  the 
titration. 

The  addition  of  the  remainder  of  the  sodium  hydroxide  affects 
the  galvanometer  reading  only  slightly  until  the  end  point  is 
reached.  The  thymolphthalein  indicator  warns  of  the  nearness 
of  the  end  point  by  turning  a  deep  blue.  Add  the  titrant  in  0.1- 
ml.  portions  near  the  end  of  the  titration  for  most  satisfactory 
results.  The  greatest  deflection  of  the  galvanometer  for  an  addi¬ 
tion  of  0.1  ml.  of  titrant  may  be  taken  as  the  end  point.  If  more 
accuracy  is  desired,  a  graph  of  the  end  point  may  be  made.  The 
latter  method  was  employed  in  this  paper. 

DISCUSSION 

Table  I  shows  the  standardization  of  a  carbonate-free  caustic 
solution  using  a  standard  magnesium  chloride  solution,  which 
was  prepared  from  pure  magnesium  metal  dissolved  in  dilute 
hydrochloric  acid.  By  this  method,  the  caustic  was  found  to  be 
1.054  N.  Standardized  against  c.p.  potassium  acid  phthalate, 
its  normality  was  1.053.  The  results  in  this  paper  are  based  on 
the  former  value. 

The  excess  hydrochloric  acid  is  neutralized  potentiometrically, 
prior  to  the  titration  of  the  magnesium  ion,  by  the  use  of  a  car¬ 
bonate-free  sodium  hydroxide  solution  or  by  the  addition  of  a 
slight  excess  of  analytical  reagent  calcium  carbonate.  The  latter 
reagent  proved  superior  and  is  considered  standard  for  this  pro¬ 
cedure. 

Table  II  shows  that  stick  antimony  may  be  used  as  the  indi¬ 
cator  electrode  without  interference  from  the  calcium  ion  in  the 
titration  of  magnesium  chloride  solutions.  While  results  re- 


REAGENTS 

Standard  sodium  hydroxide  (carbonate-free),  1.054  N.  Stand- 
i  magnesium  chloride  solution  ( 10.554  grams  of  pure  magnesium 
r  liter).  Calcium  carbonate,  analytical  reagent.  Thymol- 
thalein  indicator,  0.1%  alcoholic  solution.  Ethyl  alcohol,  95%. 

PROCEDURE 

Weigh  a  2.000-gram  sample  into  a  400-ml.  beaker,  add  20  ml. 
1  to  1  perchloric  acid,  cover  the  beaker  with  a  Speedyvap 
itch  glass,  and  take  to  dryness  on  a  hot  plate.  Add  100  ml.  of 
stilled  water  and  10  drops  of  concentrated  hydrochloric  acid, 
il  briefly  to  aid  in  dissolving  the  salts,  and  add  analytical  re- 
ent  calcium  carbonate  to  neutralize  the  free  hydrochloric  acid, 
ially  boiling  to  remove  the  excess  carbon  dioxide.  (If  sodium 
droxide  is  used,  neutralize  electrometrically  at  room  tempera- 
re.)  Add  100  ml.  of  ethyl  alcohol  and  2  ml.  of  thymolphthalein 
iicator,  and  transfer  to  the  electrometric  titrator,  keeping  the 
lution  near  boiling  with  the  aid  of  an  electric  hot  plate.  Turn 
the  mechanical  stirrer  and  add  a  few  milliliters  of  standard 


Table  I.  Potentiometric  Standardization  of  a  Caustic  Solution 
(Carbonate-Free) 

Showing  effect  of  calcium  on  glass  indicator  electrodes.  Magnesium 
present,  0.5277  gram) 


Caustic  Used, 

Ml. 

Indicator  Electrode 

Neutralizing  Reagent 

41.17 

Antimony 

Sodium  hydroxide 

41.22 

Antimony 

Sodium  hydroxide 

41.08 

Antimony 

Sodium  hydroxide 

41.18 

Antimony 

Sodium  hydroxide 

41.22 

Glass 

Sodium  hydroxide 

41.26 

Glass 

Sodium  hydroxide 

41.18 

Glass 

Sodium  hydroxide 

41.13 

Glass 

Calcium  carbonate 

41.20 

Glass 

Calcium  carbonate 

41.20 

Glass 

Calcium  carbonate 

41.15 

Glass 

Calcium  carbonate 

41.20 

Glass 

Calcium  carbonate 

41.20 

Glass 

Calcium  carbonate 

41.20 

Glass 

Calcium  carbonate 
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Table  II.  Electrometric  Titration  of  Magnesium  Chloride® 


(In  the  presence  of  calcium  chloride,  using  antimony  as  the  indicator  elec¬ 
trode,  magnesium  present,  0.5277  gram) 


Calcium  Present 

Magnesium  Recovered 

Magnesium  Error 

Gram 

Gram 

Gram 

0.200 

0.5289 

+0.0012 

0.200 

0 . 5277 

0.0000 

0.200 

0.5279 

+0.0002 

0.400 

0.5277 

0.0000 

0.400 

0.5279 

+0.0002 

0.400 

0.5277 

0 . 0000 

0.600 

0 . 5279 

+  0.0002 

0.600 

0.5277 

0.0000 

0.600 

0.5277 

0.0000 

a  Excess  hydrochloric  acid  present  neutralized  electrometrically  with 
carbonate-free  sodium  hydroxide. 


corded  in  this  table  are  excellent,  the  antimony  indicator  elec¬ 
trode  frequently  shows  a  tendency  to  drift  at  the  end  point.  It 
gives  unreliable  results  (not  cited)  in  the  presence  of  certain 
other  ions  studied  in  this  investigation. 

The  analytical  reagent  calcium  carbonate  effectively  precipi¬ 
tates  the  weak  bases  of  titanium,  aluminum,  and  ferric  iron, 
making;  possible  the  direct  titration  of  magnesium.  In  most  in¬ 
stances,  it  is  not  necessary  to  filter  the  solution  after  neutraliza¬ 
tion  with  calcium  carbonate.  If  this  becomes  necessary,  how¬ 
ever,  the  weak  bases  precipitated  in  this  manner  usually  filter 
well,  even  permitting  the  use  of  suction.  Appreciable  amounts  of 
aluminum,  sulfate,  or  phosphate  ions  make  filtration  necessary. 
The  phosphates  normally  occurring  in  magnesite  and  dolomite  have 
no  deleterious  effect  on  the  final  results.  Perchlorate,  nitrate, 
and  chromate  ions  are  without  influence  if  the  determination  is 
made  using  a  glass  indicator  electrode.  If  manganese  is  present 
in  quantities  greater  than  5  mg.,  it  must  be  oxidized  to  manganese 
dioxide  by  the  addition  of  bromine  water.  After  neutralization 
with  calcium  carbonate,  the  solution  is  boiled  until  the  excess 
bromine  is  removed. 


Table  III.  Effect  of  Metallic  Ions  on  Potentiometric  Estimation  of 
Magnesium  (as  Chloride)  Using  a  Glass  Electrode 


(Magnesium  present,  0.5277  gram) 


Iron 

Aluminum 

Manganese 

Titanium 

Chromium 

Magnesium 

Present 

Present 

Present 

Present 

Present 

Found 

Gram 

Gram 

Gram 

Gram 

Gram 

Gram 

0.001 

0.5277 

0.001° 

0.5277 

0.005 

0.5281 

0.005“ 

0.5277 

0.010 

0.5270 

0.010° 

0.5274 

0.025 

0.5268 

0.050° 

.... 

0.5284 

0.050 

0.5289 

o!66s 

0 . 5270 

0.010 

0.5277 

0.015 

0.5270 

0.020 

0.5277 

0.020 

0.5264 

0.025 

0.5264 

0.025 

0.5251 

o looii 

0.5264 

.... 

0.0022 

0.5272 

0.0055 

0.5283 

0.0110 

0.5328 

0.0110& 

0 . 5264 

0.0100  6 

0.5277 

0.01006 

0.5277 

0.01006 

0.5289 

o'.OOo 

0.5277 

0.010 

0.5277 

0.025 

0.5277 

o!oo2 

0.5289 

0.005° 

0 . 5277 

0.010 

0.5280 

o!66s 

0.0663 

o!66oi 

0 . 5277 

0.005 

0 . 0005 

0.0010 

0.5267 

0.010 

0.0025 

0.0010 

0.5277 

0.010 

0.0050 

0.0050 

0.5277 

0.025 

0.0125 

0.0100 

0.5277 

0.025 

0 . 0050 

o!oo2 

0.0050 

0.002 

0.5277 

0.025 

0.0050 

0.002 

0 . 0050 

0.002 

0.5277 

°  Excess  hydrochloric  acid  neutralized  with  standard  caustic  (carbonate- 
free)  using  electrometric  titrator.  Analytical  reagent  calcium  carbonate 
used  to  neutralize  all  other  samples. 

6  Manganese  oxidized  with  bromine  water.  Calcium  carbonate  then 
added  and  excess  bromine  removed  by  boiling. 


Table  III  shows  the  effect  of  individual  elements  on  the  det< 
mination  of  magnesium.  The  results  are  based  on  a  different 
electrometric  end  point,  which  appears  to  give  greater  precisi 
and  accuracy  than  titrating  to  a  given  value  on  the  galvanomel 
scale,  as  is  often  recommended. 

Table  IV  shows  a  comparison  of  potentiometric  and  gra' 
metric  (magnesium  ammonium  phosphate)  results  for  magne.1 
in  a  series  of  magnesite  samples.  The  fourth  column  records  t 
total  percentage  for  all  elements  found  in  a  sample  of  magnesi 
with  which  the  gravimetric  value  for  magnesia  was  used  ai 
the  fifth  column  represents  the  total  percentage  using  the  pote 
tiometric  value. 

It  is  believed  that  the  accuracy  of  this  method  compares  favc 
ably  with  that  of  the  ammonium  phosphate  procedure  for  ma 
nesia.  The  time  required  to  make  a  single  determination  or 
series  of  analyses  is  greatly  reduced.  In  general,  it  is  not  esse 
tial  to  make  a  separation  from  elements  commonly  associated  wi 
magnesite  and  dolomite. 


Table  IV.  Potentiometric  and  Gravimetric  (Magnesium  Ammonii 
Phosphate)  Results  on  Magnesite  Samples 

Sample  Magnesia  Found  Total  for  Magnesite  Analya 


No. 

Gravimetric 

Electrometric 

Gravimetric 

Electrometr 

% 

% 

% 

% 

1 

46.10 

46.19 

99.60 

99.69 

2 

45.90 

46.37 

99.30 

99.77 

3 

46.20 

46.13 

100.04 

99.97 

4 

46.40 

46.34 

99.70 

99.64 

5 

46.10 

46.13 

99.90 

99.93 

6 

46.10 

46.25 

99.90 

100.05 

Bureau  of  Standards  dolomite  sample  88  was  dissolved  in  h 
drochloric  acid  and  the  magnesium  content  determined  pote 
tiometrically.  Values  of  21.55  and  21.50%  magnesia  were  o 
tained.  This  checks  well  against  the  Bureau  of  Standards  vali 
of  21.48%  magnesia. 

Most  precipitated  calcium  carbonates  contain  quantities  i 
magnesia  which  would  lead  to  high  results.  Therefore,  it  is  e: 
tremely  important  that  analytical  reagent  calcium  carbonate  1 
used  in  this  procedure.  Some  magnesite  samples  dissolve  slowl 
in  hydrochloric  acid;  consequently  it  has  been  found  best  in  th 
laboratory  to  dehydrate  the  sample  with  perchloric  acid.  Be: 
results  are  obtained  by  titrating  the  sample  near  its  boilin 
point  in  a  50%  solution  of  alcohol.  These  conditions  lend  sharj 
ness  to  the  end  point.  Thymolphthalein  indicator  assists  i 
warning  of  the  nearness  of  the  end  point,  although  it  is  in  no  wa 
essential.  A  few  milliliters  of  standard  caustic  are  added  to  tl 
sample  before  adjusting  the  instrument  for  the  titration,  since 
considerable  change  in  potential  occurs  with  the  first  addition  c 
caustic.  A  Beckman  high-temperature  glass  electrode,  N< 
8990T,  is  recommended. 

SUMMARY 

Magnesia  in  dolomite  and  magnesite  may  be  determined  di 
rectly  by  potentiometric  titration  in  a  hot  50%  solution  of  ai 
cohol.  A  procedure  to  eliminate  the  interference  of  weak  base 
such  as  ferric  iron,  aluminum,  and  titanium  is  described.  Th 
determination  is  rapid  and  simple,  requiring  but  a  few  minute 
for  a  single  sample.  The  accuracy  attained  is  comparable  to  tha 
of  the  gravimetric  ammonium  phosphate  method  for  magnesia 
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Determination  of  Carbon  Dioxide  in  Water 

D.  S.  McKINNEY,  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa.,  AND  A.  M.  AMOROSI1,  Elliott  Company,  Jeannette,  Pa. 


i  improved  method  for  determining  total  carbon  dioxide  in  water 
:apable  of  a  precision  of  ±1  p.p.m.  even  in  the  presence  of 
ler  large  amounts  of  interfering  substances  such  as  phosphates. 
;  believed  that  this  is  the  best  precision  that  can  be  obtained  using 
sn  flasks  for  the  titration.  The  method  uses  apparatus  readily 
ilable  in  any  laboratory,  and  requires  no  knowledge  of  the 
lire  or  concentration  of  interfering  substances,  except  sulfides. 


sample  between  two  properly  selected  end  points,  acidifying  and 
boiling  off  the  carbon  dioxide,  cooling  the  sample,  and  retitrating 
between  the  same  two  end  points.  The  difference  between  the 
two  titrations  gives  the  carbon  dioxide  in  the  sample.  Titration 
between  two  end  points  is  necessary  to  ensure  the  same  effect 
of  the  interfering  substances  for  the  titration  before  and  after 
boiling. 


|URING  the  years  1931  to  1933,  a  number  of  papers  (2,  3, 
5,  7,  8,  9)  were  published  on  the  determination  and  inter- 
tation  of  alkalinity  in  boiler  waters.  This  work  led  to  the 
eptance  of  the  evolution  method  of  Partridge  and  Schroeder 
for  carbon  dioxide  as  a  tentative  standard  by  the  American 
iety  for  Testing  Materials  ( 1 ).  The  authors’  experience  indi¬ 
es  that  this  is  the  most  precise  method  for  determining  carbon 
ride,  but  it  suffers  as  a  plant  method  from  the  fact  that  it  is 
ler  slow  and  requires  special  apparatus  that  is  not  easily  port- 
J  nor  always  available.  This,  and  the  realization  by  steam 
it  operators  that  carbon  dioxide  may  cause  serious  corrosion 
ondensate  return  lines,  indicate  the  need  for  a  rapid,  accurate 
ation  method  requiring  only  apparatus  readily  available  in 
laboratory. 

irith  the  exception  of  the  evolution  method  ( 1 ),  titration 
hods,  especially  when  used  to  determine  small  amounts  of 
ion  dioxide  (8),  are  defective  in  one  or  more  of  the  following 
lects:  (1)  Indicators  used  do  not  change  color  at  optimum 
values.  .(2)  Titration  is  carried  out  by  observing  color 
age,  and  not  to  precise  pH  values.  (3)  Corrections  due  to 
presence  of  interfering  substances  are  uncertain, 
he  method  described  overcomes  these  defects  by  titrating  the 
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Table  I.  Results  of  Titration  from  pH  8.5  to  pH  5 

(Using  thymol  blue  and  bromocresol  green  indicators) 

Apparent  CO2 
Unboiled  Boiled 
sample,  A  sample,  B 

P.p.m. 


Known 
CO2  in 
Water 


Known 
P04  in 
Water 


Other  Substances 
in  Water 


P.p.m.  P.p.m. 


Net 

CO2 


51 

25.5 

11.0 

5.5 

2.75 

5.0 


6.0 


6.6 


6.6 


11.0 

516.5 


7.25 


44.3 


47.5 
23.75 
47 

33 

16.5 

47.5 


47.5 


47.5 


47 . 5 


6.0 


P.p.m. 


71  Na2S04 
10  Oxalic  acid 
10  Citric  acid 

71  Na2S04 
10  Oxalic  acid 
10  Citric  acid 

71  Na2S04 
10  Oxalic  acid 
10  Citric  acid 

71  Na2S04 
10  Oxalic  acid 
10  Citric  acid 

50  Na2S04 
Contamination  not 
known 

10  ml.  of  0.02  N  NaOH 
209  p.p.m. 
NaNH4HP04.- 
4H20 

2  NaA102 
30  Na2S03 
12  NaCl 


P.p.m.  P.p.m 


80.1 

40.2 

40.3 

20.5 

11.5 

37.5 


37.8 


37.2 


37.2 


10.3 

540.0 


70.0 


57.7 


30.4 
14.9 
29.7 

16.4 
9.3 

31.6 


31.2 


31.7 


30.4 


0.0 

21.2 


63.3 


12.4 


50.7 

25.3 

10.6 

4.1 

2.2 
5.9 


5 . 5 


10.3 

518.8 


6.7 


•Hf80‘ ^  column  A  and  B  corrected  for  the  amount  of  acid  necessary  to  change  pure  water 
pH  8.5  to  pH  o.O,  equivalent  to  0.6  p.p.m.  of  CO2. 


SELECTION  OF  END  POINTS 

Titration  curves  were  calculated  as  described  by  Schroeder 
(8)  for  carbon  dioxide  ranging  from  4.4  to  440  p.p.m.  and  for  a 
mixture  of  44  p.p.m.  of  carbon  dioxide  with  95  p.p.m.  of  phos¬ 
phate,  using  the  values  of  the  dissociation  constants  for  carbon 
dioxide  and  phosphoric  acid  selected  by  Latimer  (4).  Inflection 
points  (most  rapid  change  of  pH  per  unit  of  titrant)  for  the  bi¬ 
carbonate  stage  in  the  titration  were  very  close  to  pH  8.5  in  the 
absence  of  phosphate.  The  corresponding  inflection  point  for 
the  carbon  dioxide-phosphate  mixture  occurred  at  pH  8.8.  In¬ 
flection  points  for  the  free  carbon  dioxide  stage  shifted  from  pH 
5  at  the  lowest  carbon  dioxide  concentration  to  pH  4  at  the  high¬ 
est,  and  were  practically  unaffected  by  phosphate.  Since  high 
precision  is  desired  for  small  amounts  of  carbon  dioxide,  pH 
values  8.5  and  5  were  selected.  pH  values  9  and  5  are  slightly 
better  in  water  containing  phosphates. 

In  order  to  check  the  selection  of  pH  8.5  and  5.0  as  end  points, 
a  number  of  samples  were  titrated  using  thymol  blue  and  bromo¬ 
cresol  green  as  indicators,  with  the  results  shown  in  Table  I. 
Carbon  dioxide  was  added  as  sodium  carbonate  and  phosphate 
as  potassium  monohydrogen  phosphate,  with  other  substances 
as  shown.  End  points  were  determined  by  comparison  with 
LaMotte  colorimetric  standards.  Titrations  were  conducted 
in  open  flasks,  but  as  rapidly  as  possible  to  avoid  contamination 
from  the  air.  The  sample  volume  was  100  ml.  In  all  samples 
except  No.  11,  the  agreement  between  the  known  carbon  dioxide 
in  the  water  and  that  found  by  analysis  is  within  ±  1  p.p.m.  A 
few  samples  were  titrated  using  a  glass  electrode  for  the  end-* 
point  determination.  Repeated  titrations  differed  by  as  much 
as  1  p.p.m.  It  is  therefore  believed  that  greater  precision  than 
±  1  p.p.m.  cannot  be  obtained  in  open  flasks, 
because  of  chance  loss  of  carbon  dioxide  to  or 
gain  from  the  atmosphere. 

Errors  caused  by  improper  sampling  and 
handling  of  the  sample  for  analysis  may  greatly 
exceed  the  errors  indicated  above.  Water  sam¬ 
ples  for  carbon  dioxide  should  be  analyzed 
promptly,  and  should  be  transferred  from  one 
vessel  to  another  by  siphoning  rather  than  by 
pouring.  The  siphon  should  be  immersed  well 
below  the  water  surface  in  the  vessel  being  sam¬ 
pled  and  should  deliver  the  sample  to  the  bottom 
of  the  receiving  vessel. 

SELECTION  OF  INDICATORS 

Because  of  the  blue  alkaline  color  of  both 
thymol  blue  and  bromocresol  green,  they  can¬ 
not  be  used  together  in  the  same  sample. 
Each  determination  of  Table  I  required  the 
titration  of  four  samples.  A  search  was  there¬ 
fore  made  for  indicators  that  could  be  used  to¬ 
gether  in  the  same  sample,  and  that  were  suffi¬ 
ciently  stable  to  resist  the  necessary  boiling,  in 
order  that  a  determination  could  be  made  on  a 
single  sample.  Considering  only  indicators 
showing  intense  color  contrast,  methyl  red, 
bromocresol  green,  and  methyl  orange  were 
selected  for  the  pH  range  4  to  5,  and  thymol 
blue,  phenolphthalein,  and  o-cresolphthalein  for 
the  pH  range  8  to  9.  Trials  of  pairs  of  these  in¬ 
dicators  led  to  the  selection  of  methyl  red  mixed 
with  o-cresolphthalein  as  the  best  pair,  with 
methyl  red  mixed  with  phenolphthalein  as  a 
close  second  choice. 


Error 

P.p.m. 

-0.3 
-0.2 
-0.4 
-1.1 
-0.55 
+  0.9 


6.6  +0.6 


-1.1 


6.8  +0.2 


-0.7 
+  2.3 


-0.55 


45.3  +1.0 


315 


316 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


REAGENTS  REQUIRED 

Mixed  Indicator  Solution.  Dissolve  0.1  gram  of  methyl 
red  and  0.1  gram  of  o-cresolphthalein  in  200  ml.  of  50%  alcohol 
(phenolphthalein  may  replace  o-cresolphthalein). 

Buffer  Solution.  Prepare  buffer  solutions  for  pH  8.5  and 
5.0.  If  preferred,  a  pH  9.0  buffer  may  replace  pH  8.5  buffer. 

Acid.  Hydrochloric  or  sulfuric  acid,  0.02  N. 

Base.  Approximately  0.02  N  sodium  hydroxide,  carbonate- 
free,  prepared  by  diluting  a  clear,  saturated  solution  of  sodium 
hydroxide  with  well-boiled  distilled  water,  is  satisfactory.  Keep 
in  a  heavily  waxed  bottle,  protected  from  atmospheric  contami¬ 
nation  by  a  guard  tube  of  Ascarite  or  soda  lime. 

PROCEDURE 

1.  Select  two  flasks  of  the  size  and  type  to  be  used  in  the 
titration  (250-ml.  Erlenmeyer  flasks  are  satisfactory).  Place 
100  ml.  of  pH  8.5  buffer  in  one  and  100  ml.  of  pH  5.0  buffer  in  the 
other,  to  each  add  0.4  ml.  of  mixed  methyl  red-o-cresolphthalein 
indicator,  and  cork  the  flasks.  After  some  practice,  more  or  less 
indicator  may  be  preferred,  but  the  volume  used  in  the  buffered 
solutions  should  always  be  the  same  as  that  used  in  the  sample. 

2.  In  a  third  flask,  add  0.4  ml.  of  mixed  indicator  to  100  ml. 
of  the  water  to  be  tested. 

3.  Titrate  to  pH  8.5  (matching  the  buffered  solution),  using 
0.02  N  hydrochloric  acid  if  the  sample  is  more  alkaline  than  pH 
8.5  or  0.02  N  sodium  hydroxide  if  it  is  more  acid.  If  sodium 
hydroxide  is  used,  record  the  volume  required  as  Fix  (see  below, 
interfering  substances  in  sodium  hydroxide  solution). 

4.  Titrate  from  pH  8.5  to  pH  5  (again  matching  the  buffered 
solution)  with  0.02  N  hydrochloric  acid.  Record  the  volume 
liSGcl  as 

5.  Acidify  by  adding  20%  more  of  the  0.02  N  hydrochloric 
acid  than  was  required  for  Fi,  but  in  no  case  less  than  5  drops  of 
this  solution.  Boil  the  solution  vigorously  for  2  minutes  over  a 
strong  flame. 

6.  Cool  the  flask  rapidly  in  running  water  to  room  tempera¬ 
ture,  add  0.02  N  sodium  hydroxide  until  the  pH  is  8.5,  and  record 
the  volume  of  base  required  as  F2x.  Now  titrate  the  sample 
from  pH  8.5  to  pH  5  with  0.02  N  hydrochloric  acid  and  record 
the  volume  of  acid  used  as  F2. 

INTERFERING  SUBSTANCES  IN  SODIUM  HYDROXIDE  SOLUTION 

The  sodium  hydroxide  solution  is  used  only  to  adjust  the  pH 
of  the  sample  to  8.5;  hence,  its  exact  normality  need  not  be 
known.  However,  it  may  contain  appreciable  quantities  of  car¬ 
bon  dioxide,  which  would  be  titrated  by  the  acid,  and  for  which 
corrections  must  be  made.  The  magnitude  of  the  correction 
is  determined  as  follows: 

To  80  ml.  of  carbon  dioxide— free  distilled  water  add  0.4  ml.  of 
mixed  indicator  and  sufficient  0.02  N  sodium  hydroxide  to  bring 
the  pH  to  8.5.  Then  titrate  to  pH  5  using  0.02  N  hydrochloric 
acid.  Let  the  volume  of  acid  used  be  A.  Add  immediately  20 
ml.  of  0.02  N  sodium  hydroxide  and  again  titrate  with  0.02  N 
hydrochloric  acid,  noting  the  volume  required  to  change  the  pH 
from  8.5  to  5.  Let  this  volume  be  B.  Disregard  the  volume  of 
acid  required  to  titrate  the  20  ml.  of  base  to  pH  8.5.  The  volume 
of  acid  required  to  titrate  the  carbon  dioxide  in  1  ml.  of  base  is 
then: 

B  —  A 
20  =  X 

CALCULATION  OF  CARBON  DIOXIDE 

The  carbon  dioxide  in  the  sample  is  calculated  by  the  follow¬ 
ing  formula: 

C02  =  K  X  ^  X  N  [(F,  -  VlX  XX)-  (F,  -  F2x  X  X)] 

(p.p.m.) 

where  K  =  45.56  if  the  titration  from  pH  8.5  to  5  is  used 
or  K  =  43.95  if  the  titration  from  pH  9  to  5  is  used 

Fs  =  sample  volume  in  ml.  (usually  100  ml.) 

N  =  normality  of  HC1  solution 

Fi,  Vi  =  ml.  of  acid  required  to  titrate,  respectively,  un¬ 
boiled  and  boiled  sample  from  pH  8.5  to  5  (or 
pH  9  to  5  if  these  end  points  are  used) 

Fix,  Vix  =  ml.  of  base  used  to  adjust  unboiled  and  boiled 
sample,  respectively,  to  pH  8.5  (or  9)  ' 
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X  =  ml.  of  acid  required  to  titrate  C02  in  1  ml.  of  ba 
from  pH  8.5  to  5  (pH  9  to  5) 

The  numerical  value  of  K  differs  slightly  from  44  01  (t 
molecular  weight  of  carbon  dioxide)  since  not  exactly  one  equiv 
lent  of  carbon  dioxide  is  titrated  between  the  pH  values  chos 
(S,  5).  To  calculate  K  for  a  pH  range  other  than  those  giv 
above,  the  later  tables  of  McKinney  ( 6 )  should  be  used. 

In  many  water  supplies,  the  concentration  of  interfering  si 
stances  remains  practically  constant,  as  evidenced  by  the  cc 
stancy  of  the  titration  on  the  sample  after  expulsion  of  the  carb 
dioxide  by  boiling.  In  such  cases,  titration  of  the  boiled  sa: 
pie  need  only  be  run  often  enough  to  determine  (F2  —  F2X  X  . 
in  the  formula  above.  The  time  required  to  run  a  single  co 
plete  test  is  approximately  10  minutes.  When  a  series  of  te 
is  run,  the  average  time  per  determination  is  approximately 
minutes,  since  a  second  sample  may  be  titrated  while  the  first 
boiling  and  cooling. 

ACID  GASES  OTHER  THAN  CARBON  DIOXIDE 

Water  supplies  may  be  encountered  containing  sulfur  dioxi 
or  hydrogen  sulfide  or  their  salts.  In  the  pH  range  8.5  to 
sulfites  are  titrated  from  SOj  to  HS02~  and  sulfides  ; 
titrated  from  HS~  to  H2S.  Sulfites,  at  the  low  concentratic 
used  in  industrial  water  treatment,  do  not  interfere  with  I 
carbon  dioxide  determination,  as  is  indicated  by  sample 
Table  I.  This  is  as  expected,  since  the  solubility  of  sulfur 
oxide,  corrected  for  ionization,  is  about  40  times  that  of  carl 
dioxide  and  in  addition  only  approximately  5%  of  the  sul 
dioxide  is  in  the  un-ionized  form  at  pH  3  (the  approximate  ] 
at  which  the  carbon  dioxide  is  boiled  off) .  The  sulfur  dioxide 
therefore  not  boiled  off  and  is  properly  accounted  for  by  I 
titration  after  boiling. 

The  properties  of  hydrogen  sulfide  are  similar  to  those 
carbon  dioxide.  Its  solubility  is  approximately  3 'times  that 
carbon  dioxide  and  at  pH  3  it  is  practically  all  in  molecu 
form.  Hence,  it  will  be  boiled  off  with  the  carbon  dioxide,  tl 
causing  high  results  by  the  present  method.  The  results  n 
be  corrected  for  hydrogen  sulfide  by  the  following  procedure. 

Collect  the  distillate  from  step  5  of  the  procedure  in  cadmi 
chloride  solution  and  determine  hydrogen  sulfide  therein  in 
same  manner  as  for  sulfur  in  steel  by  the  “evolution  metho 
Correct  the  carbon  dioxide  (p.p.m.)  calculated  from  the  form 
given  above  by  subtracting 

|  |  oi 

H2S  (p.p.m.)  X  X  0.9800  =  H2S  (p.p.m.)  X  1.266 

if  the  titration  from  pH  9  to  5  is  used,  or 
44  01 

H2S  (p.p.m.)  X  X  0.9618  =  H2S  (p.p.m.)  X  1.242 

if  the  titration  from  pH  8.5  to  5  is  used. 

Samples  containing  large  quantities  of  either  hydrogen  sul) 
or  sulfur  dioxide  cannot  be  successfully  titrated  by  the  proced 
described  in  this  paper,  because  of  rapid  reduction  of  the  met 
red  on  boiling. 
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Determination  of  Iron 

A  Study  of  the  o-Phenanthroline  Method 
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:ritical  study  was  made  of  the  o-phenanthroline  method.  The 
of  color  development  was  influenced  by  the  order  of,  and  time 
val  between,  additions  of  reagents,  temperature  of  solutions, 
:  and  amount  of  phosphate,  and  the  length  of  time  the  solutions 
d  before  being  read  in  the  photometer.  If  the  reaction  was 
sted  with  sodium  citrate  instead  of  acetate  and  the  citrate  was 
rd  after  the  hydroquinone  and  o-phenanthroline  at  tempera- 
i  above  20°  C.,  iron  was  completely  recovered. 

URING  some  nutrition  experiments,  the  iron  content  of  the 
rations  and  of  individual  yolks  and  whites  of  eggs  was  deter- 
3d  by  the  o-phenanthroline  method  (2,  8,  4) .  In  this  method, 
ashed  materials  are  dissolved  in  dilute  hydrochloric  acid, 
um  acetate  is  added  to  aliquots  to  adjust  the  pH  to  3.5, 
roquinone  to  reduce  the  iron,  and  o-phenanthroline  to  de- 
p  an  orange-pink  color.  Iron  in  the  form  of  o-phenanthroline 
plex  is  evaluated  by  means  of  a  photometer  using  a  Corning 
430  blue-green  filter.  Certain  difficulties  developed  and  a 
y  of  the  method  was  therefore  made. 

EXPERIMENTAL 

be  addition  of  acetate  to  solutions  of  the  ash  of  the  materials 
frequently  produced  turbid  solutions  which  could  not  be 
directly  in  the  photometer  (a  Cenco  Sheard-Sanford  Photel- 
ter  was  used).  Other  acetates  besides  sodium  were  tried 
the  same  result.  Cowling  and  Benne  (1),  working  with 
t  ash,  overcame  this  by  adding  ammonium  citrate  before  the 
vas  adjusted  to  3.5  by  acetate.  It  occurred  to  the  authors 
citrate  might  replace  the  acetate  in  adjusting  the  pH  and 
eliminate  the  turbidity.  To  check  this  hypothesis,  aliquots 
i  acid  solution  of  the  ash  of  a  poultry  ration  were  adjusted  to 
5.5  with  sodium  acetate,  sodium  citrate,  or  potassium  citrate 
ion.  The  acetate  gave  a  cloudy  solution  which  required 
rifugation,  whereas  the  citrates  were  clear.  All  three,  how- 
gave  correct  iron  values.  The  rate  of  color  development 
sodium  citrate  was  the  same  as  with  the  acetate  but  it  was 
“what  slower  with  potassium  citrate. 

ace  sodium  citrate  was  more  satisfactory  than  the  acetate 
djusting  the  pH,  the  range  in  pH  over  which  it  could  be  used 
still  retain  maximum  color  development  was  ascertained. 
Jiquots  of  ashed  egg  white,  yolk,  or  poultry  ration,  0.5  to 
ll.  of  a  25%  sodium  citrate  solution  were 
d  and  the  pH  and  iron  determined.  Maxi- 
i  color  development  occurred  above  pH  2.5 
it  remained  maximum  to  pH  5,  which  was 
igh  as  was  obtained  with  the  amounts  of 
te  used. 

the  final  solutions  stood  either  30  or  60 
ites  before  reading  in  the  photometer,  the 
•  of  addition  of  reagents  was  found  to  be  of 
ficance.  Whenever  the  solution  used  to 
st  the  reaction  to  pH  3.5  was  added  first,  as 
e  Hummel  and  Willard  procedure  (8) ,  or  was 
d  second,  results  were  inconsistent  (Table  I). 
the  acetate  and  citrate  behaved  in  the  same 
If,  however,  both  the  hydroquinone  and 
:nanthroline  were  added  before  the  pH- 
iting  solution,  determinations  checked  well. 


The  relative  order  in  which  hydroquinone  and  o-phenanthroline 
were  added  was  unimportant.  If  solutions  stood  for  120  minutes, 
the  order  of  addition  of  reagents  was  not  critical. 

The  time  that  elapsed  between  the  addition  of  the  acetate  and 
other  reagents  was  of  no  consequence  when  iron  salts  by  them¬ 
selves  were  used.  With  solutions  of  ashed  egg  yolk  and  white, 
however,  this  time  interval  was  important;  the  longer  the  in¬ 
terval,  the  less  iron  was  determined.  To  investigate  the  pos¬ 
sibility  that  the  phosphorus,  which  was  present  in  the  materials 
to  an  appreciable  extent  in  proportion  to  the  iron,  might  have 
caused  these  low  results,  ferrous  sulfate  and  sodium  pyrophos¬ 
phate  solutions  were  mixed,  dried  on  the  steam  bath,  and  ashed 
overnight  in  the  muffle.  Only  34%  of  the  iron  was  recovered. 
Other  salts  of  phosphoric  acid  were  then  investigated  in  a  similar 
manner.  In  Table  II  are  given  the  data  on  the  recovery  of  iron 
from  solutions  when  these  salts  were  present  in  an  iron-phosphorus 
ratio  similar  to  that  of  egg  white.  In  general,  if  the  adjusting 
solution,  whether  acetate  or  citrate,  was  added  first,  poor  recover¬ 
ies  were  obtained;  these  were  even  worse  with  ashed  samples. 
When  the  acetate  or  citrate  was  added  last,  recoveries  were  com¬ 
plete  in  the  case  of  unashed  but  not  ashed  materials. 

A  possible  explanation  for  the  failure  to  determine  the  iron  in 
the  unashed  solutions  when  the  pH-adjusting  solution  was  added 
first  is  that  an  iron-phosphate  complex  is  formed  which  does  not 
react  with  the  o-phenanthroline.  In  the  ashed  samples,  it  is  prob¬ 
able  that  an  insoluble  iron  meta-  or  pyrophosphate  is  formed 
which  does  not  dissolve  in  the  dilute  hydrochloric  acid. 

Cowling  and  Benne  ( 1 )  reported  that  if  solutions  of  ferrous 
sulfate  and  sodium  pyrophosphate  were  heated  in  a  water  bath 


Table  I.  Effect  of  Order  of  Addition  of  Reagents  upon  Iron 
Determination  in  Solutions  of  Ashed  Egg  Yolk,  Egg  White, 
and  Poultry  Ration 


Egg 

Poultry 

Egg  Yolk 

White, 

Order  of  Addition 

Acetate 

Citrate 

Citrate 

Citrate 

of  Reagents 

30 

60 

30 

120 

30 

120 

30 

120 

1st 

2nd 

3rd 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

A 

hq 

o-P 

77 

84 

75 

100 

81 

95 

92 

100, 

A 

o-P 

HQ 

83 

89 

74 

100 

91 

96 

89 

100i 

HQ 

A 

o-P 

99 

99 

78 

100 

91 

100 

94 

100. 

o-P 

A 

HQ 

100 

99 

82 

100 

83 

100 

95 

100 

HQ 

o-P 

A 

100 

100 

100 

100 

100 

100 

100 

100 

o-P 

HQ 

A 

100 

100 

100 

100 

100 

100 

100 

100 

A  =  solution  used  to  adjust  to  pH  3.5. 
HQ  =  hydroquinone. 
o-P  =  o-phenanthroline. 


' — - — Sodium  Acetate  Added - >. 

First,  Last,  First,  Last, 

• - Sodium  Citrate  Added 

First,  Last,  First. 

Last, 

Unashed 

Unashed 

Ashed 

Ashed 

Unashed 

Unashed 

Ashed 

Ashed 

% 

% 

% 

% 

% 

% 

% 

% 

100 

100 

100 

100 

100 

100 

98 

100. 

88 

100 

80 

100 

90 

100 

91 

92 

96 

100 

48 

92 

88 

100 

96 

98 

80 

100 

48 

76 

86 

100 

83 

85 

72 

100 

40 

52 

88 

100 

76 

82 

100 

100 

60 

88 

88 

100 

96 

97 

72 

100 

12 

84 

86 

100 

67 

88 

80 

100 

24 

80 

83 

100 

79 

80 

72 

100 

20 

100 

86 

100 

52 

74 

48 

100 

72 

100 

90 

100 

71 

95 

88 

100 

52 

80 

90 

100 

55 

69 

88 

100 

52 

67 

X'one 

CaH,(P04)2.H20 

CaHPO(.2H20 

(XH,)H2PO, 

(NHP2HPO4 

KH2PO4 

KaHPO, 

NaHjPCh.HsO 

Xa2HPO(.12H20 

XaaPOt.l2H20 

XaaPjO; 

NaNHiHP04.4H20 

HsPO* 


Table  II.  Effect  of  Phosphates  upon  Recovery  of  Iron  from  Ferrous  Sulfate  Solution 

(Fe:P  =  1:100,  read  after  30  minutes) 


Phosphate 
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%  IRON  RECOVERED 


Figure  1. 


Effect  of  Temperature  and  Time  of  Standing  upon  Recovery  of  Iron 
from  Egg  White  Ash 

Citrate  added  either  First  or  last 


for  one  hour  after  the  addition  of  the  reagents,  color  developed 
completely  in  the  presence  of  considerable  phosphorus  as  pyro¬ 
phosphate.  But  they  added  the  acetate  before  the  other  reagents 
to  unashed  substances.  The  authors  show  in  Table  II  that,  if 
either  acetate  or  citrate  is  added  last  to  unashed  materials,  heat¬ 
ing  is  unnecessary.  In  an  additional  experiment,  it  was  deter¬ 
mined  that,  with  solutions  of  ashed  materials,  heating  as  long  as 
60  minutes  on  a  steam  bath  did  not  produce  maximum  color 
when  the  pH-adjusting  solution  was  added  first;  furthermore, 
the  longer  the  interval  between  the  addition  of  this  solution  and 
the  other  reagents,  the  less  the  color  developed. 

The  effect  of  temperature  of  the  solutions  before  mixing  was 
also  investigated  (Figure  1).  At  14°  C.,  less  than  half  of  the 
iron  was  determined  in  egg  white  ash  when  the  citrate  was  added 
first  and  over  80%  when  the  citrate  was  added  last.  At  21°  and 
25°  C.,  about  75  and  85%,  respectively,  were  found  if  the  citrate 
was  added  first,  whereas  complete  recoveries  were  obtained  if 
the  citrate  was  added  last.  At  31°  C.,  practically  complete  re¬ 
coveries  were  obtained  no  matter  whether  the  citrate  was  added 
first  or  last.  These  data  were  obtained  from  readings  after  the 
solutions  stood  30  minutes.  If  the  solutions  stood  120  minutes, 
the  order  of  addition  of  reagents  was  immaterial  except  at  14°  C. 
Similar  results  were  obtained  with  egg  yolk  and  a  poultry  ration. 
From  this  it  is  apparent  that  the  temperature  of  the  room  or  of 
the  solutions  is  an  important  factor  in  the  conduct  of  the  pro¬ 
cedure,  particularly  if  the  adjusting  solution  is  added  first. 

To  find  the  relative  effect  of  temperature  and  the  amount  of 
citrate  necessary  for  proper  pH  upon  the  rate  of  color  develop¬ 
ment,  varying  quantities  of  1  to  4  hydrochloric 
acid  were  added  to  aliquots  of  a  solution  of  an 
ash  from  a  poultry  ration.  These  aliquots  were 
adjusted  to  pH  3.5  with  sodium  citrate  and  the 
color  was  developed  with  hydroquinone  and 
o-phenanthroline.  Four  different  temperatures 
were  used.  If  readings  were  made  after  30  min¬ 
utes,  at  any  one  temperature,  the  greater  the 
amounts  of  citrate,  the  less  the  percentage  of 
iron  determined  (Figure  2) .  For  any  given  con¬ 
centration  of  citrate,  the  lower  the  temperature, 
the  less  the  percentage  of  iron  determined.  In 
other  words,  those  solutions  that  required  large 
amounts  of  citrate  to  produce  a  pH  of  3.5  also 
required  a  higher  temperature  to  produce  maxi¬ 
mum  color.  When  the  solutions  stood  120  min¬ 
utes,  except  at  14°  C.,  neither  the  temperature 
nor  volume  of  citrate  affected  the  recovery  of 
iron.  If  the  citrate  is  added  last,  these  com¬ 
plications  do  not  arise. 


Inasmuch  as  individual  titrations  to  deterr 
the  amount  of  citrate  required  to  adjust 
reaction  to  pH  3.5  slow  up  the  procedure 
siderably,  it  was  decided  to  find  out  if  an  a 
age  volume  of  citrate  could  be  used  when  sam 
of  similar  materials  of  about  the  same  size 
analyzed.  A  number  of  samples  of  egg  yol 
approximately  the  same  weight  were  ashed, 
solved  in  acid,  and  made  up  to  the  same  voh 
Two  aliquots  of  each  solution  were  analyzed 
iron.  To  the  first  was  added  the  amoun 
citrate  required  to  give  pH  3.5  as  determ: 
by  titration;  to  the  second,  the  approxiii 
average  of  the  volumes  of  citrate  required 
the  first  aliquots.  Good  agreement  between 
two  procedures  was  attained  (Table  III), 
volume  of  citrate  required  for  similar  mat® 
can  be  found  by  titrating  about  a  dozen  s 
pies  and  using  the  whole  number  of  millili 
just  greater  than  the  average  of  these  val 


This  can  be  done  because  the  maximum  color  develops  ov 
fairly  wide  pH  range.  Much  labor,  therefore,  can  be  saved  i 
average  volume  of  citrate  is  used  instead  of  the  varying  volu 
found  by  titrations  when  approximately  equal  samples  of 
materials  are  being  analyzed. 

The  procedure  as  outlined  below  is  simple  and  has  1 
found  satisfactory  by  the  authors. 


REAGENTS 


Iron  Standard  Solution  (1  mg.  of  iron  per  ml.).  Dissoh 
gram  of  electrolytic  iron  in  50  ml.  of  10%  sulfuric  acid  and  di 
to  1  liter  with  distilled  water. 


Table  III.  Comparison  of  Amounts  of  Citrate  Obtained  by 
Individual  Titrations  with  Average  of  These  Titrations 


(Based  upon  determination  of  iron  in  a  series  of  egg  yolk  samples 

Iron  Found 


Citrate 

Individual 

Average  of 

Yolk 

Required 

titrations 

titration 

Grams 

ML 

y 

7 

3.39 

5.7 

40.5 

41.0 

3.41 

6.0 

39.5 

39  2 

3.45 

5.4 

33.5 

33.7 

3.50 

5.2 

33.0 

32.5 

3.51 

5.5 

35.5 

34.7 

3.51 

4.7 

43.7 

44.0 

3.53 

6.0 

36.7 

37.2 

3.56 

4.6 

34.0 

33.5 

3.58 

5.4 

48.0 

47.5 

3.59 

5.6 

51.2 

51.0 

3.67 

4.9 

40.7 

41.0 

3.81 

5.1 

45.0 

45.2 

Av.  5.34 

40.1 

40.1 

Figure  2.  Effect  of  Temperature  and  Amount  of  Citrate  upon  Iron  Determinate 
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Sodium  Citrate  Solution.  Dissolve  250  grams  of  sodium 
rate  in  distilled  water  and  make  up  to  1  liter. 

Hydroquinone  Solution.  Dissolve  1  gram  of  hydroquinone  in 
3  ml.  of  distilled  water.  Store  in  refrigerator  and  discard  if 
y  color  develops. 

>-Phenanthroline  Solution.  Add  150  ml.  of  almost  boiling 
tilled  water  to  0.5  gram  of  o-phenanthroline  in  a  200-ml. 
[umetric  flask.  When  cool,  make  up  to  volume.  Store  in 
rigerator  and  discard  if  any  color  develops. 

• 

PROCEDURE 

3ipet  an  aliquot  of  the  unknown  solution  containing  an  iron 
icentration  suitable  for  the  range  of  the  photometer  into  a 
ml.  volumetric  flask,  add  1  ml.  of  the  hydroquinone,  2  ml.  of 
i  o-phenanthroline,  and  the  proper  amount  of  the  citrate  solu- 
a,  and  make  up  to  volume.  Let  stand  30  minutes  at  a  tem- 
ature  above  20°  C.  and  read  in  the  photometer,  using  a  blank 
de  fom  the  reagents  in  the  same  way  for  the  100  setting  (this 
ninates  correcting  for  iron  in  the  reagents).  Use  1-cm.  ab- 
ption  cells  and  a  12.5-mm.  No.  430  dark-shade  blue-green 
rning  molded  glass  filter.  Convert  readings  into  eoncentra- 
is  of  iron  by  referring  to  a  curve  made  from  the  iron  standard 
ition  in  exactly  the  same  manner. 

SUMMARY 

iodium  citrate  was  found  more  satisfactory  than  the  acetate 
idjusting  the  reaction  for  the  development  of  the  color  of  the 
i -o-phenanthroline  complex. 


If  the  pH  was  adjusted  before  the  introduction  of  o-phenan¬ 
throline,  the  rate  of  color  development  was  influenced  by  such 
factors  as  the  time  interval  between  the  addition  of  reagents, 
temperature  of  the  solutions,  type  and  amount  of  phosphate 
present,  amount  of  citrate,  and  length  of  time  the  solutions  stood 
before  being  read  in  the  photometer.  If  the  sodium  citrate  was 
added  after  the  hydroquinone  and  o-phenanthroline  at  tem¬ 
peratures  above  20°  C.,  these  factors  did  not  adversely  affect  the 
recovery  of  iron.  Under  these  conditions,  maximum  color  de¬ 
veloped  when  the  solutions  stood  only  30  minutes. 

For  samples  of  similar  materials  of  approximately  the  same 
size,  it  was  found  expedient  to  use  an  average  volume  of  citrate 
rather  than  to  titrate  each  sample  individually. 

The  procedure  for  the  o-phenanthroline  determination  of  iron, 
modified  as  a  result  of  the  study  is  presented. 
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Furfural  Determination 

Iodine  Method  for  Hydrolyzed  Wood  Liquors 

HUGH  R.  ROGERS,  Department  of  Research  and  Development,  Masonite  Corporation,  Laurel,  Miss. 


rapid  method  has  been  developed  for  the  determination  of 
jral.  It  is  based  on  the  oxidation  of  furfural  to  furoic  acid  by 
ne  in  alkaline  solution,  and  with  aqueous  solutions  of  pure 
iral  shows  excellent  precision  and  is  highly  accurate.  With 
pies  that  contain  other  iodine-consuming  constituents  in  addition 
urfural  slightly  high  results  are  obtained,  but  the  precision  is 
factory.  The  method  is  well  suited  for  control  work  in  which 
iracy  is  second  in  importance  to  the  rapidity  with  which  deter- 
ations  may  be  made. 

ECAUSE  of  the  large  number  of  furfural  analyses  required 
for  -control  work  in  the  author's  laboratory,  a  simple  and 
d  method  with  a  reasonable  degree  of  accuracy  was  desired. 
i  rapid  bisulfite  method  of  Jolles  ( 3 )  and  the  bromine  method 
lughes-Acree  {2),  both  volumetric,  were  not  practical,  owing 
he  nature  of  the  samples  and  the  specific  control  conditions 
fired  by  the  methods.  The  gravimetric  phloroglucinol  ( 1 ) 
2,4-dinitrophenylhydrazine  (7)  methods  gave  sufficiently 
irate  results,  but  were  much  too  slow.  The  phloroglucinol 
■ipitation  method  was  found  to  be  the  most  practical  and  was 
1  until  the  development  of  the  present  procedure. 

slight  excess  of  iodine  in  strongly  alkaline  solution  reacts 
ntitatively  with  furfural.  In  an  approximately  1  N  sodium 
roxide  solution  the  hypoiodite,  which  is  formed  from  the 
ne,  oxidizes  the  furfural  quantitatively  to  furoic  acid.  By  a 
hod  based  on  this  reaction  most  of  the  difficulties  found  with 
other  methods  have  been  eliminated. 

ure  furfural  in  aqueous  solution  can  be  determined  accurately 
this  reaction.  However,  furfural  used  by  the  author  is 
fined  from  hydrolyzed  wood  liquors  and  is  present  in  aqueous 
tion  with  lower  boiling  constituents  which  are  termed 
ads”.  Owing  to  the  presence  of  these  heads  in  the  furfural 
pies,  it  has  been  necessary  to  devise  a  method  that  would 


compensate  for  their  iodine  consumption.  Furfural  in  solution 
with  the  heads  is  determined  by  carrying  out  a  blank  reaction  on 
each  sample  in  slightly  alkaline  solution  in  which  the  iodine  pref¬ 
erentially  reacts  with  essentially  all  the  heads  or  lower  alcohols, 
aldehydes,  etc.,  but  with  only  12.5%  of  the  furfural  present,  the 
furfural  being  oxidized  to  furoic  acid.  Then  by  the  regular 
sample  reaction  in  a  1  N  sodium  hydroxide  solution  the  iodine 
required  by  all  the  furfural  and  heads  is  found  and  thus  the  total 
furfural  in  the  sample  is  calculated. 

DEVELOPMENT  OF  METHOD 

Regular  Sample  Reaction.  Pervier  and  Gortner  (6)  first 
tried  the  use  of  iodine  in  alkaline  solution  as  a  method  for  deter¬ 
mining  furfural.  Although  they  gave  very  few  details  of  their 
work,  they  reported  that  the  results  could  not  be  duplicated. 
Later  Kline  and  Acree  (4)  also  tried  iodine  in  alkaline  solution  for 
determining  furfural  according  to  their  method  for  determining 
aldose  sugars  (5).  They  gave  no  details  of  their  work  and  re¬ 
ported  only  that  negative  results  were  obtained.  Although  very 
little  information  on  the  work  of  the  previous  investigators  is 
given  in  the  literature,  it  seems  that  their  lack  of  success  was  due 
mainly  to  use  of  too  large  furfural  samples  and  too  low  an  alka¬ 
linity. 

In  the  present  work  it  has  been  found  that  the  oxidation  of 
furfural  to  furoic  acid  by  iodine  in  alkaline  solution  is  a  function 
of  the  alkalinity.  Approximately  100  mg.  of  pure  furfural  is  as 
large  a  sample  as  can  be  oxidized  quantitatively,  regardless  of  the 
alkali  concentration.  With  samples  of  furfural  much  larger  than 
this,  the  Oxidation  is  not  quantitative,  apparently  because  of  the 
rapid  formation  of  iodate  and  iodide  before  the  hypoiodite  origi¬ 
nally  formed  has  a  chance  to  react  with  all  the  furfural  present. 

Figure  1  shows  the  effect  of  alkalinity  on  the  oxidation  of 
furfural  to  furoic  acid  by  iodine  when  the  reaction  is  carried  out 
for  20  minutes  at  room  temperature  in  a  reacting  volume  of 
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Figure  1.  Effect  of  Alkalinity  on  Per  Cent  Furfural  Oxidized 


approximately  60  ml.  Although  the  curve  shows  the  oxidation  to 
become  quantitative  when  the  alkalinity  of  the  reaction  mixture 
approaches  0.7  N,  the  conditions  established  for  carrying  out  the 
reaction  require  an  approximately  1  N  sodium  hydroxide  solution 
to  ensure  complete  oxidation.  When  the  reaction  was  carried 
out  in  a  1  N  sodium  hydroxide  solution  a  quantitative  yield  of 
furoic  acid  was  isolated  by  extracting  with  ethyl  ether  and  identi¬ 
fied  by  melting  point  and  mixed  melting  point  with  an  authentic 
sample.  The  furfural  used  was  redistilled  and  gave  a  purity  of 
100%  by  precipitating  with  phloroglucinol  in  12%  hydrochloric 
acid  and  by  using  Krober’s  tables. 

Figure  2  gives  the  rate  of  oxidation  of  various  concentrations  of 
furfural  when  carried  out  at  room  temperature  in  a  reacting 
volume  of  approximately  60  ml.  of  1  N  sodium  hydroxide  solution. 
The  curves  show  that  the  oxidations  are  complete  in  4  to  10 
minutes,  depending  upon  the  size  of  the  samples,  and  that  addi¬ 
tional  time  up  to  30  minutes  does  not  alter  the  reaction.  If 
furfural  samples  as  large  as  100  mg.  are  used  the  time  of  the  reac¬ 
tion  should  be  increased  to  approximately  20  minutes  to  ensure 
complete  oxidation.  A  slight  increase  in  temperature  does  not 
affect  the  reaction  other  than  to  speed  up  the  oxidation  slightly. 

Blank  Reaction.  While  the  iodine  required  by  the  furfural  is 
dependent  upon  the  alkalinity,  as  shown  in  Figure  1,  the  iodine 
consumed  by  the  heads  is  essentially  independent  of  this  factor. 
Conditions  were  established  for  the  blank  reaction  whereby  the 
heads  consumed  iodine  to  the  same  extent  as  they  did  in  the 
regular  sample  reaction,  and  in  which  a  consistent  percentage  of 
the  furfural  present  was  oxidized.  By  using  10  to  40  mg.  of 
furfural  in  a  reacting  volume  of  approximately  60  ml.  containing 
10  ml.  of  0.1  N  iodine  and  the  iodine  equivalent  of  alkali  or  2  ml. 
of  N  sodium  hydroxide,  12  to  13%  of  the  furfural  is  oxidized  con¬ 
sistently.  Furoic  acid  equivalent  to  an  oxidation  of  12.5%  of  the 
furfural  has  been  isolated  quantitatively  from  the  reaction  mix¬ 
ture  and  identified  by  melting  points.  The  remaining  87.5% 
of  furfural  was  shown  to  be  left  unchanged  by  accounting  for  it 
through  precipitation  with  phloroglucinol  in  12%  hydrochloric 
acid. 

Figure  3  gives  the  rate  of  the  oxidation  of  furfural  for  various 
sized  samples  when  this  blank  reaction  is  carried  out  at  room 
temperature.  From  the  curves  it  is  seen  that  no  further  oxida¬ 
tion  takes  place  after  18  to  20  minutes.  A  slight  increase  in 
temperature  causes  no  change  in  the  percentage  of  furfural  oxi¬ 
dized,  the  only  effect  being  to  speed  up  the  reaction  slightly. 

To  determine  the  difference  in  the  amount  of  iodine  consumed 
by  the  heads  in  the  blank  and  the  sample  reactions,  a  portion  of 
the  heads  with  a  boiling  range  of  35  °  to  60 0  C.  was  fractionated 
from  the  crude  furfural  solution  and  9  mg.  reacted  with  the  iodine 


under  each  set  of  conditions.  These  low-boiling  heads  were  u; 
as  they  could  be  obtained  free  of  furfural  and  constituted  I 
major  and  most  reactive  portion  of  the  impurities.  Table  I  gh 
these  results  and  shows  a  difference  of  only  0.1  ml.  of  0.1  N  iod; 
in  the  amount  of  iodine  consumed  by  the  heads  in  the  blank  a 
the  sample  reactions  under  the  specific  conditions  outlined  in  1 
method. 


Figure  2.  Rate  of  Sample  Reaction  at  Room  Temperature 


After  establishing  the  conditions  for  carrying  out  the  bla 
reaction  in  which  12.5%  of  the  furfural  was  oxidized  and  af 
showing  from  Table  I  that  the  iodine  consumed  by  the  impurit 
was  essentially  the  same  in  both  the  blank  and  sample  reactio 
a  comparison  was  made  between  the  determination  of  furfu 
by  this  method  and  the  phloroglucinol  precipitation  method, 
samples  were  steam-distilled  from  their  crude  furfural  solutii 
and  the  comparative  results  are  given  in  Table  II. 

METHOD 

Two  aliquots  of  distillate  containing  10  to  40  mg.  of  furfu 
are  placed  in  250-ml.  wide-mouthed  Erlenmeyer  flasks, 
these  samples  4  or  5  drops  of  phenol  red  or  any  suitable  aquec 
indicator  are  added.  One  of  the  samples  is  made  exactly  neut 
with  sodium  hydroxide  and  the  other  approximately  so.  1 
former  is  then  employed  as  the  blank  and  the  latter  as  the  regu 
sample. 


Table  1. 

Iodine  Consumed  by  Heads  (9-Mg.  Sample) 

0.1  JV  I2  Consumed 

Time 

Blank  reaction  Sample  reaction 

Min. 

Ml. 

Ml. 

5 

1.10 

1.20 

10 

1.15 

1.45 

15 

1.25 

1.45 

20 

1.35 

1.45 

30 

1.35 

1.45 

Table  II.  Comparison  of  Iodine  and  Phloroglucinol  Precipitati 


Sample 

No. 

Methods 

Per  Cent  Furfural 
Phloroglucinol 

Iodine 

'  1 

3.26 

3.17 

2 

3.45 

3.40 

3 

3.44 

3.41 

4 

3.23 

3.13 

5 

3.37 

3.42 

6  ‘ 

3.50 

3 . 53 

7 

2.93 

2.96 

8 

2.46 

2.46 

9 

3.10 

3.10 

10 

3.10 

3.06 

Ay.  3.18 

3.16 
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'o  the  blank,  which  is  exactly  neutral,  are  added  2  ml.  of  1  N 
inm  hydroxide  and  then  10  ml.  of  0.1  N  iodine,  the  sample  be- 
swirled  on  addition  of  the  iodine  to  ensure  thorough  mixing, 
er  this  addition  the  volume  is  adjusted  to  approximately  60 
with  water  and  the  solution  allowed  to  stand  at  room  tempera- 
;  for  18  to  20  minutes. 

'o  the  regular  sample,  which  was  made  approximately  neutral, 
added  10  ml.  of  approximately  6  N  sodium  hydroxide.  Im- 
liately  following  this,  10  ml.  of  0.1  N  iodine  are  added  and  the 
:tion  is  swirled  during  the  addition.  The  volume  is  then 
asted  to  60  ml.  or  approximately  1  N  with  respect  to  the 
um  hydroxide  and  the  solution  allowed  to  stand  at  room 
perature  for  10  to  12  minutes.  It  is  important  that  the 
um  hydroxide  be  added  before  the  iodine,  since  to  obtain  a 
ntitative  oxidation  the  alkali  concentration  has  to  be  rather 
i  at  the  beginning  of  the  reaction.  Otherwise,  the  iodine  is 
verted  to  the  iodate  and  iodide  by  the  strong  alkali  before  the 
oiodite  initially  formed  has  a  chance  to  oxidize  all  the  furfural 
ntitatively. 

o  the  blank  reaction,  after  standing  18  to  20  minutes,  is  added 
roximately  0.5  ml.  of  6.5  N  sulfuric  acid.  The  excess  iodine 
ch  is  released  from  the  iodate  and  iodide  that  has  formed  is 
ited  with  0.1  N  sodium  thiosulfate  using  starch  indicator, 
milliliters  of  thiosulfate  are  recorded  as  B. 
pproximately  10  ml.  or  an  excess  of  the  6.5  N  sulfuric  acid  is 
ed  to  the  regular  sample  after  it  has  stood  10  to  12  minutes 
the  excess  iodine  released  is  titrated  with  standard  thiosulfate 
u  the  blank  reaction.  The  milliliters  of  thiosulfate  required 
recorded  as  S.  The  value  of  B  —  S  gives  the  milliliters  of 
N  iodine  required  to  oxidize  87.5%  of  the  furfural  present  in 
sample  to  furoic  acid. 

alculation:  Grams  of  furfural  in  sample  = 

(B  —  S)  X  IV  of  thiosulfate  X  0 . 048 
075 

METHOD  AS  APPLIED  TO  DETERMINATION  OF  XYLOSE 

io  determine  xylose  by  this  method,  by  first  converting  the 
se  to  furfural  with  12%  hydrochloric  acid,  the  regular  Tollens 
llation  had  to  be  modified. 

ecause  the  distillate  has  to  be  made  neutral  before  the  deter- 
ation  of  furfural,  only  a  25-ml.  aliquot  of  the  acid  distillate 
be  used,  since  the  total  reacting  volume  cannot  exceed  60  ml. 
s  it  is  necessary  to  use  a  larger  sample  of  xylose  than  is  called 
[n  the  Tollens  distillation,  so  that  the  25-ml.  aliquot  of  the 
illate  will  contain  the  appropriate  amount  of  furfural.  Xylose 
i  the  Eastman  Kodak  Company  was  used  in  this  work  and 
;  a  purity  of  100%  when  Krober’s  tables  were  used  after  the 
se  had  been  converted  to  furfural  by  the  regular  Tollens 
.llation  (1).  In  using  the  larger  samples  of  xylose  the  follow- 
conditions  were  established  for  the  conversion  of  the  xylose  to 
ural  in  12%  hydrochloric  acid. 

tarn  0.6  to  1  gram  of  xylose  is  placed  in  a  1-liter  balloon  flask 
d  with  a  dropping  funnel  and  connected  to  a  condenser  by 
ns  of  a  Clark  distilling  head.  Then  250  ml.  of  12%  hydro- 


Figure  3.  Rate  of  Blank  Reaction  at  Room  Temperature 


Table  III.  Conversion  of  Xylose  to  Furfural  by  Modified  Tollens 

Method 


Furfural  Formed 

Conversion 

Phloroglucinol 

Iodine 

Based  on 

Xylose 

method 

method 

I2  Method 

Grams 

Gram 

Gram 

% 

0.5990 

0.330 

0.324 

84.4 

0.8702 

0.485 

0.472 

84.6 

0.8350 

0.450 

0.445 

83.2 

0.9990 

0 . 545 

0.543 

84.8 

0.9948 

0.542 

0.540 

84.7 

0.9950 

0.544 

0.534 

84.3 

1.0004 

0 . 552 

0.544 

85.0 

Av.  84 . 5 

chloric  acid  are  added  to  the  xylose  in  the  flask  and  distilled  with 
an  open  flame  at  the  rate  of  50  ml.  per  20  minutes,  50  ml.  of  12% 
hydrochloric  acid  being  added  through  the  dropping  funnel  as  50 
ml.  distills  over.  In  this  manner  450  ml.  of  distillate  are  collected 
requiring  a  total  time  of  3  hours,  the  distillate  is  made  to  500  ml., 
and  25-ml.  aliquots  are  taken  for  furfural  analysis  according  to 
method  given. 

By  the  use  of  the  larger  samples  under  the  same  conditions  as 
employed  above,  the  conversion  of  xylose  to  furfural  is  found  to  be 
84.5%  of  the  theoretical  rather  than  the  88  to  89%  found  in  the 
regular  Tollens  distillation.  Thus  the  factor  0.54  is  used  to  con¬ 
vert  the  furfural  formed  back  to  xylose  instead  of  the  Tollens 
factor  of  0.57.  Table  III  gives  results  for  the  conversion  of  pure 
xylose  to  furfural  by  this  modified  method. 

SUMMARY  AND  DISCUSSION 

A  simple  and  rapid  method  for  the  determination  of  furfural 
has  been  developed.  Furfural  in  pure  aqueous  solution  can  be 
determined  accurately,  by  a  quantitative  oxidation,  according  to 
the  regular  sample  reaction.  In  the  presence  of  other  iodine¬ 
consuming  constituents,  the  method  gives  slightly  high  results 
but  the  precision  is  excellent.  The  results,  even  in  the  presence 
of  these  impurities,  are  slightly  more  accurate  than  with  the 
phloroglucinol  precipitation  method  which  is  considered  a  stand¬ 
ard  in  most  laboratories. 

The  interfering  substances  are  in  general  those  that  will  give 
the  iodoform  reaction  at  room  temperature,  although  the  blank 
reaction  compensates  almost  quantitatively  for  these  materials. 
No  investigation  has  been  made  of  the  reaction  between  iodine 
in  alkaline  solution  and  methyl  furfural  or  hydroxymethyl 
furfural.  It  is  known,  however,  from  the  literature  ( 8 )  that  a 
method  using  iodine  in  alkaline  solution  is  given  as  the  basis  for 
determining  hydroxymethyl  furfural  in  honey  and  there  is  little 
doubt  but  that  iodine  reacts  with  methyl  furfural  as  well.  The 
rapiditp  and  excellent  precision  of  the  method  have  proved  very 
satisfactory  in  this  laboratory  since  its  development  4  years  ago. 
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Gravimetric  and  Volumetric  Determination  of  Germanium 

HOBART  H.  WILLARD  and  C.  W.  ZUEHLKE1,  University  of  Michigan,  Ann  Arbor,  Mich. 


A  volumetric  method  for  germanium  was  developed,  based  on  the 
quantitative  formation  of  potassium  thiogermanate  in  acetate-buffered 
solution  by  treatment  with  potassium  sulfide,  removal  of  the  excess 
hydrogen  sulfide  by  carbon  dioxide,  and  titration  of  the  sulfur  with 
iodine.  The  presence  of  large  concentrations  of  sodium  chloride 
leads  to  both  a  positive  and  a  negative  error  in  the  application  of 
this  method,  depending  on  conditions.  The  negative  error  is  due  to 
the  adsorption  of  the  sulfide  ion  on  the  free  sulfur  formed  by  titration 
with  iodine,  while  the  positive  error  is  probably  connected  with  the 
formation  of  a  higher  sulfide.  Germanium  is  quantitatively  precipi¬ 
tated  by  5,6-benzoquinoline  as  a  complex  oxalate.  Although 
the  compound  cannot  be  weighed  directly,  it  can  be  ignited  to 
germanium  dioxide,  thus  affording  a  good  gravimetric  method. 
High  concentrations  of  sodium  chloride  prevent  this  precipitation. 


WILLARD  and  Zuehike  (4)  recently  reported  the  prepara¬ 
tion  of  potassium  thiogermanate.  This  compound 
serves  as  the  basis  of  a  volumetric  method  for  germanium. 
Germanium  dioxide,  in  acetate-buffered  media,  may  be  quanti¬ 
tatively  converted  to  potassium  thiogermanate  by  treatment 
with  hydrogen  sulfide  or  potassium  sulfide: 

2Ge(OH)4  +  5H2S  +  2KAc  =  K2Ge2S5  +  2HAc  +  8H20 

The  excess  hydrogen  sulfide  is  removed  by  passing  a  rapid 
stream  of  carbon  dioxide  through  the  solution,  after  which  the 
sulfide  ion  is  determined  by  treatment  with  an  excess  of  standard 
iodine  solution  and  back-titration  with  sodium  thiosulfate  solu¬ 
tion: 

K2Ge2Sa  +  5I2  +  8H20  =  5S  +  2Ge(OH)4  +  8HI  +  2KI 

REAGENTS 

Germanium  dioxide  solution,  approximately  2  grams  of 
germanium  dioxide  dissolved  in  1  liter  of  water.  This  solution  is 
stable  and  remains  perfectly  clear. 

Acetic  acid,  2.5  molar. 

Potassium  sulfide  solution,  approximately  8  grams  of  potassium 
hydroxide  dissolved  in  100  ml.  of  water  and  saturated  with  hy¬ 
drogen  sulfide.  The  solution  was  cooled  to  0°  C.  during  the 
saturation  with  hydrogen  sulfide  to  avoid  formation  of  thiosul¬ 
fate  and  polysulfide  by  atmospheric  oxidation. 

Standard  iodine  solution,  approximately  0.1  N. 

Standard  sodium  thiosulfate  solution,  approximately  0. 1  N. 

PROCEDURE 

A  measured  aliquot  of  the  germanium  dioxide  solution  was 
transferred  to  a  25-cm.  (10-inch)  test  tube  and  diluted  to  25  ml., 
and  20  ml.  of  potassium  sulfide  solution  were  added,  followed  by 
15  ml.  of  acetic  acid  solution.  The  acid  was  allowed  to  run  down 
the  side  of  the  test  tube  to  promote  better  mixing  of  the  solution 
and  to  avoid  a  violent  effervescence  of  hydrogen  sulfide  at  the 
surface.  The  solution  was  allowed  to  stand  for  5  minutes. 

Carbon  dioxide  was  bubbled  through  the  solution  rapidly  by 
means  of  a  delivery  tube  extending  to  the  bottom  of  the  test 
tube.  A  mechanical  stirrer  was  used  to  break  up  the  bubbles  of 
carbon  dioxide  to  promote  more  efficient  removal  of  the  excess 
hydrogen  sulfide.  Twenty  minutes’  passage  of  the  gas  was  found 
to  be  sufficient  to  give  a  negative  test  for  hydrogen  sulfide  in  the 
issuing  gases  by  lead  acetate  test  paper. 

The  solution  was  transferred  to  a  large  beaker  and  diluted  to 
1  liter.  A  measured  excess  of  standard  iodine  solution  was  added, 
allowed  to  stand  for  15  minutes,  and  back-titrated  with  standard 
sodium  thiosulfate  solution  using  starch  solution  as  an  indicator. 
The  end  point  may  be  determined  to  ±0.05  ml. 


DISCUSSION 

The  success  of  the  thiogermanate  method  depends  upon 
stability  of  potassium  thiogermanate  in  acid  solution.  It  \ 
previously  reported  that  a  solution  of  potassium  thiogerman 
contains  insufficient  free  sulfide  ion  to  precipitate  cobalt  or  nic 
sulfide.  The  carbon  dioxide  treatment  readily  removes  the 
cess  hydrogen  sulfide  from  solution  without  decomposing 
thiogermanate.  Further  experiments  were  made  by  subject 
a  solution  of  potassium  thiogermanate  to  a  rapid  stream  of  c 
bon  dioxide.  Samples  were  withdrawm  periodically  and  titra 
with  iodine  to  observe  the  decrease  in  sulfide-ion  concentrat 
with  time.  The  results  (Table  I)  show  that  the  loss  afte 
hours’  treatment  is  negligible. 

In  order  to  attain  complete  reaction  between  hydrogen  suit 
and  germanium  dioxide  it  is  essential  that  a  high  concentratior 
sulfide  ion  be  applied.  The  reaction  is  rapid  but,  nevertheless, 
complete  when  only  the  equilibrium  concentration  of  a  saturai 
solution  of  hydrogen  sulfide  is  used.  The  data  given  in  Ta 
II  were  obtained  by  treating  buffered  solutions  of  germanii 
dioxide  with  a  constant  flow  of  hydrogen  sulfide  for  varyi 
periods  of  time.  The  excess  hydrogen  sulfide  was  removed  a 
the  solutions  were  titrated  in  the  usual  manner.  Although  t 
reaction  is  nearly  complete  after  5  minutes,  quantitative  com 
nation  is  not  attained  even  after  20  minutes. 

The  data  in  Table  II  indicate  that  the  hydrogen  sulfio 
germanium  dioxide  system  behaves  as  though  an  equilibrium 
rapidly  established  a  little  short  of  complete  reaction.  Prolong 
treatment  wdth  hydrogen  sulfide  is  without  beneficial  effect  b 
quantitative  results  are  obtained  when  a  condition  of  sup 
saturation  is  maintained  for  a  short  period  of  time  by  the  additi 
of  potassium  sulfide. 

Experiments  concerned  with  the  effect  of  temperature  on  t 
completeness  of  reaction  are  in  agreement  with  this  conce] 
Increasing  the  temperature  decreases  the  solubility  of  hydrog 
sulfide  and,  in  general,  decreases  the  amount  of  sulfur  combine 
Solutions  of  germanium  dioxide  buffered  with  acetic  acid  a: 
potassium  acetate  were  treated  with  hydrogen  sulfide  for 
minutes  at  various  temperatures.  The  amount  of  sulfur  coi 
bined  wras  determined  in  the  usual  manner.  At  25°  C.  the  re: 
tion  was  96%  complete  while  at  80°  C.  only  65%  of  the  genu 
nium  reacted  in  15  minutes.  In  unbuffered  solution  only 
and  11%  reaction  was  obtained  at  these  two  temperatures,  i 
spectively. 

The  thiogermanate  ion  cannot  be  titrated  directly  with  iodi 
to  a  satisfactory  end  point.  Apparently  the  free  sulfur  form' 


Table  1. 

Stability  of  IGGezSs 

Solution  to  CO2 

Treatment 

Time  of 

0.1  N  Iodine  Solu- 

Time  of  0.1  N  Iodine  Sol 

CO,  Passage  tion  Consumed 

CO,  Passage 

tion  Consumed 

Min. 

Ml. 

Min . 

Ml. 

15 

10.58 

15 

10.67“ 

30 

10.58 

30 

10.40 

60 

10.57 

60 

10.39 

120 

10.51 

120 

10.34 

‘  Apparently  some  excess  hydrogen  sulfide  still  remained. 

Table  II.  Rate  of  Formation  of  IGGeiSs 

GeC>2 

GeOi  Found 

Time  of  H2S  passage 

At  25°  C. 

At  40°  C. 

Mg. 

Min. 

Mg. 

Mg. 

48.6 

5 

47.9 

47.7  • 

48.6 

10 

48.1 

48.1 

48.6 

15 

48.3 

48.5 

48.6 

20 

48.2 

1  Present  address,  General  Chemical  Company,  New  York,  N.  Y. 
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ile  III.  Determination  of  Germanium  by  Thiogermanate  Method 


eC>2  Taken 

GeOs  Found 

GeOs  Taken 

GeOs  Found 

Mg. 

Mg. 

Mg. 

Mg. 

52.2 

52.2 

39.9 

39.9 

52.2 

52.1 

29.8 

29.8 

52.2 

52.2 

20.0 

20.0 

52.2 

52.1 

10.0 

9.9 

49.8 

49.8 

he  reaction  adsorbs  some  of  the  thiogermanate  ion  and  thereby 
vents  complete  reaction  and  leads  to  a  fading  end  point.  The 
ent  of  this  adsorption  was  shown  to  be  dependent  upon  the 
icentration  of  electrolyte  present.  By  dilution  to  a  volume  of 
iter  before  titration  a  true  end  point  was  obtained.  This 
ition  serves  not  only  to  reduce  the  concentration  of  electrolyte 
also  the  concentration  of  the  thiogermanate  ion  in  equilibrium 
h  the  free  sulfur  as  it  is  formed.  The  amount  of  iodine  con¬ 
ned  when  the  equivalent  of  50  mg.  of  germanium  oxide  was 
fated  in  a  volume  of  250  ml.  rather  than  1  liter  was  found  to  be 
>ut  2%  less  than  the  true  value. 

rhis  method  is  fairly  simple,  requires  about  1.5  hours  for  a 
gle  determination,  and  is  capable  under  favorable  conditions 
ielding  precise  results,  as  is  shown  in  Table  III. 

LUENCE  OF  SODIUM  CHLORIDE  ON  THIOGERMANATE  METHOD 

Jermanium  is  usually  separated  for  analysis  by  distillation  as 
tetrachloride,  or  more  probably,  as  a  complex  acid  of  the 
•e  H2GeCl«.  Since  this  distillation  is  most  efficiently  carried 
.  from  constant-boiling  hydrochloric  acid,  the  final  determina- 
i  of  germanium  must  frequently  be  made  in  a  solution  con- 
ring  large  amounts  of  chloride  ion.  It  has  already  been  shown 
t  high  concentrations  of  electrolyte  lead  to  a  false  end  point 
;he  thiogermanate  method.  Accordingly  an  investigation  was 
lertaken  to  determine  the  effect  of  sodium  chloride  on  the 
ilication  of  this  method.  These  experiments  may  be  divided 
a  three  series: 

.  Varying  amounts  of  sodium  chloride  were  added  to  the 
ation  just  prior  to  titration. 

!.  Varying  amounts  of  sodium  chloride  were  added  to  the 
ition  prior  to  the  sulfiding  reaction. 

!.  Varying  amounts  of  sodium  chloride  were  added  to  the 
ition  prior  to  the  sulfiding  reaction  and  the  sulfur  retained 
s  determined  by  an  inverse  titration  technique.  In  this  pro¬ 
lure  a  solution  containing  an  excess  of  iodine  was  diluted  to 
)ut  800  ml.  and  the  thiogermanate  solution  was  added  slowly 
.h  stirring.  The  sulfur  was  thereby  formed  in  a  solution  con¬ 
ning  very  little  unreacted  thiogermanate  ion  and  the  sodium 
oride  was  allowed  to  reach  its  highest  concentration  only  at  the 
1  of  the  reaction.  The  results  of  these  experiments  are  given 
Table  IV. 

In  considering  the  data  collected  in  Table  IV,  except  for  a  few 
:gularities,  the  following  generalizations  may  be  made.  In  the 
;ence  of  sodium  chloride  the  results  are  precise  within  the  limits 
ixperimental  error.  When  sodium  chloride  is  added  just  before 
'  titration  a  large  negative  error  arises  due  to  adsorption  of  the 
ogermanate  ion  on  the  free  sulfur  formed.  The  magnitude  of 
s  error  is  proportional  to  the  concentration  of  sodium  chloride 
■sent  and  also  the  amount  of  germanium  dioxide  taken.  When, 
vever,  the  sodium  chloride  is  present  during  the  sulfiding 
>cess,  the  results  are  higher,  apparently  because  of  some  kind 
a  compensating  positive  error.  With  small  amounts  of  germa- 
im  dioxide  this  positive  error  predominates,  leading  to  results 
ich  are  above  the  theoretical.  With  large  amounts  of  germa- 
im  dioxide  the  negative  adsorption  error  predominates,  leading 
low  results.  When  the  inverted  titration  technique  is  used 
s  results  are  generally  higher  than  those  obtained  by  the  usual 
thod,  owing  to  the  partial  elimination  of  the  negative  adsorp- 
n  error. 


The  low  results  in  the  sodium  chloride  solutions  are  unques¬ 
tionably  due  to  an  adsorption  error.  The  high  results  which 
arise  when  the  sodium  chloride  is  present  during  the  sulfiding 
reaction  are,  on  the  contrary,  not  easily  explained.  This  positive 
error  may  be  connected  in  some  manner  with  the  formation  of  a 
higher  sulfide  of  the  type  K2Ge2S7  ( 1 ),  but  not  enough  information 
concerning  these  thiogermanates  is  available  at  this  time  to  arrive 
at  any  satisfactory  conclusion. 

The  thiogermanate  method,  under  favorable  conditions,  is 
capable  of  yielding  results  precise  to  0.1  mg.  of  germanium, 
owing  to  its  low  equivalent  weight  in  the  thiogermanates  (1  ml. 
of  0.1  N  iodine  solution  is  equivalent  to  2.092  mg.  of  germanium 
dioxide,  or  to  1.452  mg.  of  elemental  germanium).  The  scope  of 
the  method  is  seriously  limited,  however,  by  the  sodium  chloride 
error,  since  germanium  is  usually  separated  by  distillation  from 
constant-boiling  hydrochloric  acid.  Undoubtedly  many  specific 
analytical  situations  do  exist  in  which  the  method  could  be  ad¬ 
vantageously  employed,  particularly  where  the  amount  of 
germanium  is  low.  Since  germanium  is  frequently  encountered 
as  a  minute  constituent,  the  possibility  of  applying  this  method 
on  the  micro  scale  should  not  be  overlooked. 


Table  IV.  Effect  of  Sodium  Chloride  on  Thiogermanate  Method 

. - GeOs  Found - 

NaCl  Added  before 


Grams  of 

NaCl  added 

Sulfiding 

No  NaCl 

NaCl 

after 

Normal 

Inverted 

GeOj  Taken 

added 

added 

sulfiding 

titration 

titration 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

10.0 

9.9 

20 

10.8 

30 

9.5 

9.8 

10.8 

20.0 

20.0 

20 

20.0 

20.4 

20.9 

30 

18.8 

20.4 

20.6 

29.8 

29.8 

20 

29.3 

29.7 

29.6 

30 

29.9 

29.3 

29.6 

39.9 

39.9 

20 

38.9 

39.4 

39.3 

30 

37.9 

38.8 

38.8 

49.9 

49.8 

20 

48.5 

48.6 

49.3 

30 

47.6 

48.0 

49.2 

INTERFERING  SUBSTANCES 

Metals  which  form  insoluble  sulfides  at  a  pH  of  4.6  must  be 
absent. 

GRAVIMETRIC  METHOD 

Willard  and  Toribara  ( 3 )  showed  that  tin  forms  a  complex 
oxalate  and  assigned  the  formula  K6Sn2(C204)7  to  its  potassium 
salt.  Tchakirian  ( 2 )  attempted  to  prepare  the  analogous  com¬ 
pound  of  germanium  but  found  that  the  potassium  salt  was  too 
unstable  to  isolate.  He  did,  however,  establish  the  existence  of 
trioxalatogermanic  acidt  H2Ge(C20.i)3,  by  isolating  it  as  the 
quinine  and  strychnine  salts.  It  was  found  that  5,6-benzo- 
quinoline  also  forms  an  insoluble  derivative  with  trioxalago- 
germanic  acid  which  shows  promise  as  an  analytical  precipitant 
for  germanium. 

Reagents.  Germanium  dioxide  solution,  approximately  2 
grams  of  germanium  dioxide  dissolved  in  1  liter  of  water. 

5,6-Benzoquinoline  oxalate  solution.  Ten  grams  of  5,6-benzo- 
quinoline  (may  be  obtained  from  the  Eastman  Kodak  Company) 
were  treated  with  5  grams  of  oxalic  acid  dissolved  in  50  ml.  of 
water.  The  suspension  was  heated  to  promote  solution  of  the 
base,  filtered  while  hot,  and  diluted  to  500  ml. 

Experimental.  Measured  aliquots  of  the  germanium  dioxide 
solution  were  diluted  to  400  ml.,  treated  with  5  grams  of  oxalic 
acid,  and  heated  to  promote  the  formation  of  trioxalatogermanic 
acid.  Twenty-five  milliliters  of  the  reagent  solution  were  added. 
Upon  cooling  to  room  temperature  the  derivative  was  precipi¬ 
tated  in  long  crystalline  needles.  The  solutions  were  allowed  to 
stand  overnight  to  ensure  complete  precipitation,  and  filtered. 
After  washing  with  a  dilute  solution  of  oxalic  acid  and  the  reagent, 
the  precipitate  was  ignited  in  a  platinum  crucible  in  a  muffle  at 
700°  to  800°  C.  to  a  pure  white  residue  of  germanium  dioxide. 
Precipitation  was  found  to  be  quantitative,  as  shown  by  Table  V. 
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Table  V.  Precipitation  of  Germanium  with  5,6-Benzoquinoline 


GeOs  Taken 
Mg. 


GeC>2  Found 
Mg. 


GeC>2  Taken 
Mg. 


GeC>2  Found 
Mg. 


84.3  84.2  49.9  49.9 

54.2  54.0  49.9  50.1 


5,6-Benzoquinoline  would  appear  to  be  a  superior  precipitant 
for  germanium  for  the  following  reasons:  The  precipitation 
procedure  is  simple  and  yields  a  product  of  very  high  molecular 
weight.  The  crystalline  precipitate  is  easy  to  filter  and  wash 
and  there  is  accordingly  little  danger  of  contamination  by  foreign 
ions.  The  precipitate  is  readily  converted  to  germanium  dioxide. 

A  specimen  of  5,6-benzoquinoline  trioxalatogermanate  was 
purified  by  recrystallization  from  water.  Weighed  samples  were 
ignited  to  the  oxide  and  from  the  loss  in  weight  a  ratio  of  1.98 
moles  of  base  for  each  mole  of  germanium  was  calculated.  Be¬ 
cause  a  definite  composition  was  indicated,  an  attempt  was  made 
to  precipitate  the  derivative  in  pure  form  and  to  weigh  it  directly. 
In  all  these  attempts  some  of  the  reagent  was  coprecipitated, 
even  when  its  concentration  was  reduced  to  the  point  where 
quantitative  precipitation  of  the  germanium  was  no  longer 
obtained.  The  precipitate  was  also  found  to  lose  weight  slowly 
in  a  desiccator  and  to  come  to  a  constant  value  only  after  30  hours. 

A  concentration  of  20  to  30  grams  of  sodium  chloride  in  a  vol¬ 


ume  of  400  ml.  completely  prevented  precipitation  of  this  deri 
tive.  It  would  appear  that  the  germanium  is  firmly  bound  i 
complex  ion  of  the  type  GeCl(  under  these  conditions  and  the 
fore  fails  to  form  the  oxalate  complex  which  is  necessary  for  p 
cipitation. 

Of  the  other  members  of  the  fourth  periodic  group,  titanic 
zirconium,  and  tin  are  known  to  form  complex  oxalates,  c 
Benzoquinoline  was  found  to  give  a  precipitate  when  solutions 
these  elements  were  treated  by  the  same  procedure  as  was  u: 
for  germanium.  The  precipitate  formed  with  tin  resembles  tl 
of  germanium  very  closely,  while  the  products  obtained  w 
titanium  and  zirconium  appeared  to  be  much  more  insoluble  a 
flocculent  in  nature.  These  compounds  are  being  investigated 
Interfering  Substances.  All  elements  which  form  insolu 
oxalates  when  treated  with  oxalic  acid  must  be  absent.  Titaniu 
zirconium,  tin,  and  to  a  lesser  extent,  iron,  form  complex  oxala 
which  are  precipitated  by  the  reagent. 
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Support  for  Kjeldahl  Flasks 

JACQUELINE  FRONT,  Mellon  Institute,  Pittsburgh,  Pa. 


BECAUSE  of  their  peculiar  shape,  with  round  bottom  and 
elongated  wide  neck,  Kjeldahl  flasks  do  not  fit  into  any 
rack  ordinarily  found  in  a  chemical  laboratory.  Tall  rectangular 
supports  have  been  used  with  clamps  holding  the  flasks,  but  such 
arrangements  are  unstable  and  working  the  clamps  is  incon¬ 
venient  and  time-consuming.  It  is  considered  desirable  to  have 
a  support  which  will  grasp  the  flask,  hold  it  firmly,  yet  release  it 
with  one  movement.  Furthermore,  it  should  hold  the  flasks 
vertically,  and  provide  easy  access  to  each  flask,  as  samples  are 
measured  into  them. 


The  necks  and  lips  of  the  flasks  are  not  uniform  in  size;  thei 
fore,  the  holding  device  cannot  be  rigid  if  it  is  to  accommoda 
these  differences.  To  solve  this  problem  in  this  laboratory, 
holder  of  simple  design  has  been  made.  The  beveled  openiD 
are  provided  with  a  spring  (see  drawing).  The  fiberboard  ( 
plastic)  disk  has  six  places  for  flasks,  although  any  number  c; 
be  used.  This  disk  is  constructed  so  that  it  rotates  on  a  ce 
tral  shaft  and  each  flask  is  equally  accessible.  To  stabilize  t 
support,  a  heavy  circular  base  of  metal  is  employed,  with  a  ( 
ameter  of  35  cm.  (14  inches)  extending  out  as  far  as  the  wide 
part  of  the  hanging  flasK. 

The  upper  portion  of  the  neck  of  the  flask  is  pushed  into  tl 
disk  opening,  so  that,  when  the  flask  drops  down,  it  catch 

on  the  bevel  and  is  he 
firmly  by  the  spring  abo 
1.25  cm.  (0.5  inch)  belc 
the  lip.  To  remove  a  fla; 
from  the  rack  it  is  mere 
necessary  to  raise 
straight  up  and  slide 
out. 

This  stand  is  very  usef 
in  holding  the  flasks  whi 
either  solid  or  liquid  San 
pies  are  measured  ini 
them.  It  is  substanti 
enough  to  support  sever 
800-ml.  flasks  and  the 
contents  with  no  ten< 
ency  to  tip.  Ammon 
distillations  and  nitroge 
digestions  have  been  facil 
tated  considerably  by  th 
inexpensive  and  easil 
constructed  support. 


Colorimetric  Determination  of  2,4-Dinitroanisole 

MILTON  S.  SCHECHTER  and  H.  L.  HALLER 

U.  S.  Department  of  Agriculture,  Agricultural  Research  Administration,  Bureau  of  Entomology  and  Plant  Quarantine,  Beltsville,  Md. 


HE  development  of  insecticidal  dusts  (2,  5)  containing  2,4- 
iinitroanisole  has  raised  the  problem  of  a  suitable  method 
the  determination  of  this  compound  in  insecticidal  composi- 
is.  The  presence  of  a  yellow  color  in  some  preparations  due 
other  materials,  such  as  pyrethrum  oleoresin,  made  it  im- 
ctical  to  use  the  yellow  color  of  2,4-dinitrophenol  produced  by 
action  of  alkalies  on  2,4-dinitroanisole  as  the  basis  of  a  photo- 
;ric  method.  Use  was  made  of  the  purpuric  acid  reaction 
3,  4),  in  which  potassium  cyanide  reacts  with  m-dinitro  com- 
nds  to  give  red-brown  to  violet  colors.  By  analogy,  the  re- 
on  with  2,4-dinitroani6ole  is  presumed  to  be  similar  to  that 
2,4-dinitrophenol,  which  is  as  follows: 


OH 


OH 


K 

Y 

k 


-no2 

+  2KCN  +  2H20 


A 

v 


-NHOH 
-CN 


+  K2C03  +NHS 


NO. 


The  equation  given  by  Anger  (/)  and  reproduced  by  Feigl  (4) 
ot  balanced  and  could  be  made  to  balance  only  if  potassium 
)onate  is  a  product  rather  than  potassium  bicarbonate,  as 
:n  by  Feigl.] 

eigl  (4)  described  this  test  for  a  number  of  m-dinitro  com- 
nds  but  did  not  list  2,4-dinitroanisole,  which  the  authors  found 
;ive  a  red  color  with  the  potassium  cyanide  reagent.  He  did 
l-chloro-2, 4-dinitrobenzene,  which  sometimes  occurs  as  an 
urity  in  2,4-dinitroanisole  and  would  therefore  interfere, 
eever,  a  specific  method  for  determining  l-chloro-2, 4-dinitro- 
zene  in  2,4-dinitroanisole  has  been  developed  (6).  In  the 
:  of  2,4-dinitroanisole  (and  l-chloro-2, 4-dinitrobenzene)  heat- 
was  not  found  to  be  necessary  for  rapid  development  of  the 
r,  but  does  seem  to  be  necessary  for  many  of  the  other  m- 
tro  compounds,  such  as  2,4-dinitrophenol  and  dinitrocyclo- 
ydphenol. 

he  following  procedure  was  developed  for  an  insecticidal  dust 
containing  2%  of  2,4-dinitroanisole,  2%  of  A-isobutyl  un- 
denamide,  enough  pyrethrum  oleoresin  to  give  0.2%  of  total 
ithrins,  and  1%  of  an  antioxidant,  with  pyrophyllite  as  the 

ent: 


"eigh  2.000  grams  of  the  powder  into  a  small  beaker.  [For 
:s  containing  10%  of  2,4-dinitroanisole,  such  as  is  recom- 
ided  by  Gould  (5),  about  0.400  gram  suffices.]  Stir  the 
pie  with  four  or  five  portions  of  acetone,  decanting  eacb  time 
>ugh  a  Gooch  crucible  that  contains  an  asbestos  mat  and  is 
An  an  all-glass  Gooch  funnel.  With  care,  the  solution  may 
iltered  directly  into  a  100-ml.  volumetric  flask,  if  a  large 
lgh  filtering  bell  jar  is  used.  Continue  to  wash  with  acetone 
1  the  volume  is  nearly  100  ml.  and  then  make  up  to  volume 
mix.  The  solution  should  be  perfectly  clear  and  will  have 
llow  color  due  to  the  pyrethrum  oleoresin  and  other  constitu- 
.  Take  a  10.00-ml.  and  a  15.00-ml.  aliquot,  and  add  5.00 
of  acetone  to  the  10.00-ml.  aliquot.  Prepare  comparison 
dards  containing  2,  4,  and  6  mg.  of  pure  2,4-dinitroanisole 
dilute  each  to  15.00  ml.  with  acetone.  These  standards  are 
/eniently  prepared  from  a  standard  solution  containing  40 
of  2,4-dinitroanisole  per  100  ml.  of  acetone.  Add  5.00  ml. 
.5%  aqueous  potassium  cyanide  to  each  of  the  solutions,  mix, 
stand  for  one  hour,  and  measure  the  color  in  a  photometer, 
g  acetone  as  the  blank.  An  Aminco  photometer,  type  F, 
g  photometer  test  tubes  and  a  No.  58  yellow  filter  (wave 
th  of  maximum  transmission  at  about  580  millimicrons)  is 
ible.  It  was  found  by  experiment  that  if  a  No.  58  filter  is 
1  there  is  no  interference  from  the  other  constituents  in  the 
unts  in  which  they  are  present  in  the  insecticide  dust,  even 
lgh  they  contribute  a  yellow  color  to  the  acetone  solution. 


The  results  for  the  standards  may  be  plotted  as  per  cent  trans¬ 
mission  against  concentration  on  semilogarithmic  paper,  or  as  log 
/  HK)  \ 

I  — - ; — ; —  lagainst  concentration  on  ordinary  graph  paper. 

\  %  transmission  / 

The  concentration  of  2,4-dinitroanisole  in  the  unknown  may  then 
be  read  off  this  graph.  The  color  follows  Beer’s  law,  as  shown  in 
Figure  1. 

Acetone  was  used  as  the  solvent  in  order  to  obtain  a  rapid  and 
complete  solution  of  the  constituents  of  the  powder  without  hav¬ 
ing  to  resort  to  a  Soxhlet  or  other  extractor.  However,  potassium 
cyanide  is  not  soluble  in  acetone,  and  a  0.5%  aqueous  solution  of 
this  reagent  had  to  be  used.  The  amount  of  water  thus  added  to 
the  acetone  solutions  was  found  to  be  sufficient  to  keep  the  po¬ 
tassium  cyanide  in  solution  without  precipitating  any  of  the  dis¬ 
solved  organic  substances. 

As  an  example  of  the  precision  to  be  expected,  a  commercial 
sample  of  dust  supposed  to  contain  2%  of  2,4-dinitroanisole  plus 


MILLIGRAMS  2,4-DINITROANISOLE 


Figure  1.  Determination  of  2(4-Dinitroanisole  Using 
Potassium  Cyanate  as  the  Reagent 


MILLIGRAMS  2,4-DINITROANISOLE 

Figure  2.  Determination  of  2,4-Dinitroanisole  Using  Acetone 
and  Alkali 
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the  other  constituents  named  above,  when  analyzed  by  the  pro¬ 
posed  method  gave,  as  an  average  of  10  determinations,  2.17% 
with  an  average  deviation  of  0.05  and  a  maximum  deviation  of 
0.12%  when  the  10-ml.  aliquots  were  used,  and  2.11%  with  an 
average  deviation  of  0.04  and  a  maximum  deviation  of  0.11% 
with  the  15-ml.  aliquots. 

A  more  sensitive  color  reaction  took  place  when  25  ml.  of  an 
acetone  solution  of  2,4-dinitroanisole  were  shaken  with  5  ml.  of 
concentrated  sodium  hydroxide  solution  (about  35%),  with  which 
it  is  immiscible.  After  the  solution  has  been  shaken  for  several 
minutes  in  a  glass-stoppered  cylinder  and  has  stood  for  30  min¬ 
utes,  a  beautiful  violet  color  develops  in  the  acetone  layer.  The 
acetone  may  be  decanted  into  a  photometer  tube  and  the  color 
measured  photometrically  (a  No.  58  filter  on  the  Aminco  pho¬ 
tometer,  type  F,  was  suitable). 

Some  data  to  illustrate  the  sensitivity  of  the  method  are 
plotted  in  Figure  2.  The  test  was  found  to  be  too  sensitive  to 
obtain  concordant  results  in  the  analysis  of  dusts  containing  as 
much  as  2%  of  2,4-dinitroanisole,  possibly  because  of  the  greater 
effect  of  interferences  on  such  a  sensitive  reaction.  However,  this 
method  would  certainly  be  useful  where  very  small  amounts  of 


2,4-dinitroanisole  had  to  be  determined.  This  leaction  is  simil 
to  that  described  for  the  analysis  of  w.-dinitrobenzene  (7). 
Chloro-2, 4-dinitrobenzene,  which  sometimes  occurs  as  an  ii 
purity  in  2,4-dinitroanisole,  also  gives  this  color  reaction.  0 
of  the  interferences  which  must  be  scrupulously  avoided  is  t 
presence  of  even  traces  of  sulfur,  such  as  contamination  from  t 
sulfur  in  rubber  stoppers.  Sulfur  destroys  the  violet  color,  pr 
ducing  a  greenish  coloration  instead. 
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ORDINARILY  2,4-dinitroanisole  is  manufactured  either  by 
the  methylation  of  2,4-dinitrophenol  or  by  the  reaction  of 
alkali  and  methanol  with  l-chloro-2, 4-dinitrobenzene.  In  the 
latter  process  some  of  the  chlorodinitrobenzene  may  be  left 
in  the  final  product,  even  after  recrystallization.  In  fact,  all 
commercial  samples  of  2,4-dinitroanisole  made  from  1-chloro- 

2, 4-dinitrobenzene  which  have  been  examined  by  the  authors, 
even  those  that  were  supposedly  purified  by  recrystallization, 


Figure  1.  Determination  of  1-Chloro-2,4-dinitrobenzene  in  2,4- 

Dinitroanisole 


when  analyzed  by  the  colorimetric  method  outlined  belc 
proved  to  contain  about  0.5%  of  l-chloro-2, 4-dinitrobenzeii 
Procedures  for  determining  l-chloro-2, 4-dinitrobenzene  in  2, 
dinitroanisole  based  on  the  conversion  of  the  chlorine 
chloride  by  heating  in  alkaline  solution  and  gravimetric  or  tit: 
metric  determination  of  the  chloride  are  unsuitable  for  smi 
concentrations  of  the  chlorodinitrobenzene,  since  a  large  samp 
has  to  be  used  and  a  correction  also  has  to  be  made  for  inorgar 
chloride  derived  from  salt  left  in  the  compound  in  the  process 
manufacture. 

2,4-Dinitroanisole  is  used  as  an  insecticide  (1,2),  and  a  meth 
for  its  analysis  in  insecticidal  powders  is  described  (4).  Sin 
l-chloro-2, 4-dinitrobenzene  is  a  powerful  skin  irritant  and  l 
peated  contacts  may  cause  hypersensitization  (5,  8),  it  is  des 
able  to  have  a  sensitive  colorimetric  method  of  analysis  for  tl 
compound  in  dinitroanisole. 

The  procedure  developed  is  based  on  the  Vongerichten  res 
tion  (7, 9) : 
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his  reaction  was  first  used  in  the  detection  of  pyridine  using 
loro-2, 4-dinitrobenzene  as  a  reagent  (7)  and  has  also  been  used 
e  recently  in  the  determination  of  nicotinic  acid  and  its 
ie  ( 3 ,  6 ),  but  it  has  never  been  applied  to  the  determination 
-chloro-2, 4-dinitrobenzene.  It  is  very  specific,  since  neither 
or  p-nitrochlorobenzene  gives  the  reaction.  Quinoline  does 
react  and  therefore  cannot  be  used  instead  of  pyridine, 
nee  commercial  samples  of  2,4-dinitroanisole  made  from  1- 
ro-2, 4-dinitrobenzene  contain  about  0.5%  of  the  latter,  the 
wing  procedure  was  developed  for  amounts  of  this  order, 
igh  the  method  can  be  made  more  or  less  sensitive  as  desired 
ising  different-sized  samples  or  aliquots.  Standards  made 
i  pure  2,4-dinitroanisole  to  which  known  amounts  of  1- 
ro-2, 4-dinitrobenzene  are  added  and  heated  with  pyridine 
t  be  prepared,  for  two  reasons:  (1)  The  2,4-dinitroanisole  is 
ly  converted  to  2,4-dinitrophenol,  thus  contributing  a  yellow 
•  to  the  solutions;  and  (2)  the  amount  of  color  produced  by 
ing  l-chloro-2, 4-dinitrobenzene  with  pyridine  in  the  presence 
uch  2,4-dinitroanisole  is  considerably  less  than  when  no  2,4- 
■roanisole  is  present.  Pure  2,4-dinitroanisole  used  in  the 
dards  of  comparison  may  be  prepared  by  recrystallizing  from 
doI  the  product  prepared  by  the  methylation  of  2,4-dinitro- 
ioI. 

PROCEDURE 

ace  0.500  gram  of  each  sample  in  a  photometer  test  tube  that 
>een  marked  for  a  capacity  of  25  ml.  For  standards  of  com- 
on,  use  pure  2,4-dinitroanisole  (free  of  l-chloro-2, 4-dinitro- 
ene)  in  the  following  amounts:  0.500,  0.500,  0.499,  0.498, 

7 ,  0.496,  and  0.495  gram.  Weigh  accurately  50  mg.  of  1- 
•o-2, 4-dinitrobenzene  into  a  50-ml.  volumetric  flask.  From  a 
t  add  5.00  ml.  of  colorless  pyridine  to  each  of  the  samples  to 
lalyzed,  and  to  the  standard  comparison  tubes  add,  in  order, 
5.00,  4.00,  3.00,  2.00,  1.00,  and  0  ml.  Immediately  make 
l-chloro-2, 4-dinitrobenzene  up  to  50.00  ml.  with  pyridine, 
thoroughly,  and  add  to  the  standard  tubes,  in  order,  0,  0, 
2.00,  3.00,  4.00,  and  5.00  ml.  of  this  standard  solution. 
i  this  solution  will  darken  in  a  short  time,  it  should  be  made 1 
for  each  analysis  and  used  immediately.  Swirl  each  test 
until  the  solution  is  homogeneous,  and  heat  all  the  tubes  in  a 
ng-water  bath  for  30  minutes.  Cool,  make  up  to  25  ml.  by 
ag  ethanol,  mix  thoroughly  by  swirling,  and  measure  the 
'  in  a  photometer  using  a  No.  58  color  filter  (one  having  its 
:  length  of  maximum  transmission  at  about  580  millimicrons; 
minco  photometer,  type  F,  and  appropriate  photometer  test 
3  were  used).  The  standards  containing  0.500  gram  of  2,4- 
roanisole  and  no  l-chloro-2, 4-dinitrobenzene  are  used  as 
<s  to  balance  the  photometer  at  100%  transmission.  This 
i  reading  I.  The  red  color  is  presumably  due  to  the  presence 
impound  A. 

ith  a  pipet  place  1.00  ml.  of  each  of  the  foregoing  solutions  in 
her  set  of  photometer  tubes,  make  up  to  25  ml.  with  ethanol, 
L.00  ml.  of  colorless  2%  ethanolic  sodium  hydroxide  solution, 
thoroughly  by  swirling,  stopper  with  corks,  and  measure 
olor  of  this  set  of  solutions  in  the  photometer  using  a  No.  58 
.  This  gives  reading  II.  The  color  is  presumably  due  to 
presence  of  compound  B.  Because  of  the  yellow  color  of 
linitrophenol,  the  solutions  appear  red  rather  than  the  pure 
t  given  by  compound  B.  This  reaction  with  alkali  is  far 
\  sensitive  than  the  red  color  given  by  reading  I,  and  there- 
interference  from  colored  impurities  will  be  much  less.  If 
oncentration  of  l-chloro-2, 4-dinitrobenzene  in  2,4-dinitro- 
)le  is  low,  an  aliquot  greater  than  1.00  ml.  should  be  used; 
is  very  low,  the  standards  of  comparison  should  be  prepared 
appropriately  smaller  concentrations  of  l-chloro-2, 4-dini- 
rnzene,  and  aliquots  greater  than  1.00  ml.  may  also  be  used 
sading  II  to  increase  the  sensitivity. 

ie  results  may  be  plotted  on  semilogarithmic  paper  as  per 
transmission  against  per  cent  concentration  of  l-chloro-2, 4- 

robenzene  or  on  ordinary  graph  paper  as  log  (  y"  transmission  ) 

ist  per  cent  concentration.  The  curves  are  illustrated 
igure  1.  The  per  cent  of  l-chloro-2, 4-dinitrobenzene  in  the 
lown  may  be  read  from  the  graph. 

ie  concentration  read  from  the  standard  curve  using  reading 
II  usually  agree  with  that  read  from  the  second  curve  using 


reading  II.  However,  some  commercial  samples  known  to  con¬ 
tain  no  l-chloro-2, 4-dinitrobenzene  appeared  to  contain  a  small 
amount  when  reading  I  was  used  but  gave  0%  when  reading  II 
was  used.  Since  this  was  probably  due  to  the  presence  of  a  small 
amount  of  colored  impurity,  reading  II  should  be  relied  on  when 
the  sample  is  suspected  of  containing  any  colored  impurities, 
which  usually  can  be  detected  by  visual  comparison  of  the  color 
of  the  original  sample  with  that  of  the  pure  2,4-dinitroanisole. 
The  use  of  both  readings  serves  as  a  check  and  may  indicate  the 
presence  of  colored  impurities  (other  than  l-chloro-2, 4-dinitro¬ 
benzene).  If  desired,  reading  I  may  be  omitted  altogether  and  the 
samples  may  be  heated  with  pyridine  in  ordinary  Pyrex  test  tubes, 
followed  by  dilution  to  the  25-ml.  mark,  and  the  placing  of  1-ml. 
aliquots  in  photometer  test  tubes  for  reading  II.  With  some 
experience,  the  number  of  standards  to  be  prepared  may  be  cut 
down,  especially  where  the  approximate  concentration  of  1-chloro- 
2, 4-dinitrobenzene  is  known,  but  the  order  of  operations  should  be 
carried  out  exactly  as  described. 

A  qualitative  test  for  l-chloro-2, 4-dinitrobenzene  in  2,4-dinitro¬ 
anisole  has  also  been  developed,  which  enables  the  characteristic 
violet  color  of  compound  B  to  be  seen  without  serious  interfer¬ 
ence  from  the  yellow  color  of  2,4-dinitroanisole  and  2,4-dinitro¬ 
phenol. 

Heat  0.5  gram  of  the  material  with  2  ml.  of  pyridine  in  a  boil¬ 
ing-water  or  steam  bath  for  20  to  30  minutes.  Cool,  add  water  in 
small  amounts  until  the  2,4-dinitroanisole  begins  to  crystallize, 
and  then  dilute  to  about  30  ml.  Cool  in  an  ice  bath,  filter  the 
precipitate,  and  wash  with  a  little  cold  water.  Make  the  filtrate 
up  to  a  definite  volume  such  as  100  ml.  and  take  an  aliquot  or  all 
of  it  for  the  next  step,  depending  on  the  amount  of  l-chloro-2, 4- 
dinitrobenzene  expected.  Add  10  ml.  of  10%  sodium  hydroxide 
solution  and  extract  with  10  ml.  of  chloroform.  Wash  the  chloro¬ 
form  with  50  ml.  of  2%  sodium  carbonate  solution  in  another 
separatory  funnel,  and  then  filter  the  chloroform  layer  through  a 
funnel  containing  a  plug  of  cotton.  The  chloroform  will  be  col¬ 
ored  more  or  less  yellow,  depending  on  the  amount  of  1-chloro- 
2, 4-dinitrobenzene  originally  present,  and  this  itself  is  a  fairly 
good  test.  Extract  the  aqueous  solutions  in  both  funnels  suc¬ 
cessively  with  another  10-ml.  portion  of  chloroform  and,  if  neces¬ 
sary,  repeat  until  the  chloroform  washings  are  colorless.  Evapo¬ 
rate  the  combined  chloroform  solutions  to  about  1  ml.  on  a  water 
bath  and  remove  the  rest  at  room  temperature  by  applying  a 
vacuum.  Dissolve  the  residue  in  2  ml.  of  1-butanol,  add  2  ml. 
of  10%  sodium  hydroxide  solution,  shake,  and  observe  the  red- 
violet  color  produced  in  the  1-butanol  layer  if  any  l-chloro-2, 4- 
dinitrobenzene  was  present.  This  color  is  more  stable  if  the  solu¬ 
tion  is  kept  cold,  but  it  gradually  turns  yellow.  If  a  blank  is 
run  for  comparison,  0.01  mg.  of  l-chloro-2, 4-dinitrobenzene  can 
be  detected  in  0.5  gram  of  2,4-dinitroanisole. 
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Effects  of  Beta-Carotene  Isomerization  on  Its 
Absorption  at  326  Millimicrons 
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Kansas  Agricultural  Experiment  Station,  Dehydration  Laboratory,  Manhattan,  Kans. 


THE  importance  of  the  influence  of  the  carotenoid  pigments 
upon  the  absorption  at  326  m/x  is  well  known  to  workers 
who  are  attempting  to  estimate  vitamin  A  concentrations  by 
spectrophotometric  methods.  The  usual  procedure  is  to  measure 
the  absorption  due  to  carotene  at  450  m/x  and  use  a  certain 
percentage  of  this  value  as  the  correction  in  the  ultraviolet  for 
vitamin  A  determination.  Considerable  discrepancy  exists  in 
these  correction  values  as  reported  in  the  literature.  Gillam  (4) 
reports  a  factor  of  6.5%,  Steenbock  (1)  10%,  McNicholas  (5) 
5%,  and  Peterson  ( 8 )  values  ranging  from  5  to  8.3%. 


Figure  1 .  Relation  between  Optical  Density  Ratios 
and  Calculated  Per  Cent  Isomerization  of  /3-Carotene 

Recent  studies  on  the  carotenoids  (2,  10)  have  shown  that  heat 
is  one  of  the  factors  responsible  for  their  isomerization.  All 
the  methods  in  general  use  for  vitamin  A  determination  require 
heating  at  some  place  in  the  procedure.  It  therefore  appeared 
probable  that  isomerization  phenomena  were  partially  responsible 
for  the  range  of  correction  values  listed.  Accordingly,  a  series 
of  /3-carotene  extracts  was  analyzed  spectrophotometrically 
at  wave  lengths  of  436,  478,  and  326  m/x,  and  the  per  cent 
isomerization  to  “neo- /3-carotene”  was  calculated  by  the  method 
of  Beadle  and  Zscheile  (2).  The  ratios  of  optical  densities  at 
326  m/i  to  those  at  436  m/x  were  also  calculated.  (The  optical 
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density  is  defined  by  the  expression  — j —  where  To  is  the  intensity 

of  radiation  through  the  solvent,  I  is  the  intensity  of  radiation 
through  the  solution,  and  l  is  the  cell  thickness.)  The  results 
are  shown  in  Table  I.  The  value  of  326  m/x  in  the  ultraviolet 
has  been  chosen  because  the  recent  work  of  Zscheile  and  Henry 
(11)  and  of  Morgareidge  (7)  has  shown  this  to  be  closer  to  the 
absorption  maximum  of  vitamin  A  than  the  previously  used 
328  m/x. 

A  series  of  pure  /3-carotene  samples  (obtained  from  Dr.  Sal¬ 
mon,  Alabama  Agricultural  Experiment  Station)  dissolved 
in  redistilled  Skellysolve  B,  had  been  set  aside  in  tightly  stoppered 
test  tubes,  in  the  dark,  at  different  temperatures,  in  order  to 
study  the  kinetics  of  isomerization  to  the  neo-/3-carotene  reported 
by  Beadle  and  Zscheile  (2).  When  the  analyses  of  these  samples 


were  made  for  the  per  cent  of  isomerization  to  neo-/3-caro 
the  optical  density  at  326  m/x  was  also  determined. 

The  carotene  was  extracted  from  the  alfalfa  in  a  Waring  B 
dor  with  an  alcohol-Skellysolve  B  mixture.  The  extract 
filtered,  washed  with  water,  extracted  three  times  with  Ski 
solve  B,  concentrated  to  approximately  60  ml.,  dried  \ 
sodium  sulfate,  and  adsorbed  on  a  column  of  2  parts  of  H 
Super-Cel  and  1  part  of  magnesia  (Micron  brand  No.  26 
The  carotene  was  separated  from  the  xanthophylls  and  chi 
phylls  by  elution  with  a  4%  acetone-Skellysolve  B  solut 
This  is,  essentially,  the  method  of  Moore  and  Ely  (6),  as  modi 
by  Wall  and  Kelley  (9).  This  fraction,  no  doubt,  contai 
a  small  percentage  of  a-carotene.  Since  acetone  exhibits  < 
siderable  absorption  at  326  m/x,  it  was  removed  from  the  eh 
carotene  solution  by  washing  with  water.  The  purified  ext 
was  then  dried  over  anhydrous  sodium  sulfate  before  mal 
absorption  measurements. 

Figure  1  shows  that  a  straight-line  relationship  exists  betw 
the  extent  of  /3-carotene  isomerization  and  the  calculated  opt 
density  ratios;  and,  therefore,  explains  the  apparently  anomal 
correction  values  which  have  been  reported.  The  values 
tained  in  this  study  include  the  range  of  corrections  previoi 
reported.  It  would  appear  that  the  density  ratio  for  pure 
carotene  is  about  5.0%  in  Skellysolve  B.  Estimating  from 
data  given  by  Zechmeister  and  Polgdr  (10),  the  value  is  about 
in  hexane.  The  equation  of  the  line  in  Figure  1  is: 

— —  X  100  =  5.0  +  0.480  X  %  “neo-/3-carotene” 

Care  in  the  use  of  reported  correction  values  is  necessary. 
shift  in  absorption  maxima  in  various  solvents  is  well  kno 
The  type  of  instrument  on  which  the  calibration  is  made  is  i 
of  importance.  Such  factors  as  slit  width  and  scattered  rai 
tion  will  also  undoubtedly  influence  correction  values.  The  d 
presented  here  were  taken  on  the  Beckman  (3)  spectrop 
tometer,  using  slit  widths  of  0.02  mm.  at  478  m/x,  0.04  r 
at  436  m/x,  and  0.34  mm.  at  326  m/x. 

SUMMARY 

The  isomerization  of  /3-carotene  is  at  least  partially  resp>ons 
for  the  wide  range  of  correction  values  reported  for  vitamh 
analysis  in  the  ultraviolet.  The  correction  required  at 
m/x  for  /3-carotene  in  Skellysolve  B  has  been  calculated  on 
basis  of  data  taken  on  the  Beckman  spectrophotometer  ; 
shown  to  be  a  linear  function  of  the  per  cent  isomerization. 


Table  1.  Effect  of  /3-Carotene  Isomerization 
at  326  M/x 

Optical  Density  i 

on  Absorption 

”Neo-/3-  n 
Carotene”,  ^>VA  y 

Sample 

436  m/x 

478  m/x 

326  m/x 

% 

D  4SS 

/3-Carotene 

Sample  1 

0.730 

0.781 

0.109 

18.3 

14.! 

Sample  2 

0.692 

0.762 

0.075 

12.5 

10.  t 

Sample  3 

0.611 

0.704 

0.036 

2.2 

5.! 

Sample  4 

0.597 

0.690 

0.031 

1.5 

5.1 

Sample  5 

0.988 

1.030 

0.156 

24.5 

15. f 

Sample  6 

0.900 

0.898 

0.176 

33.8 

19.  f 

Sample  7 

0.678 

0.779 

0.048 

3.0 

7.1 

Sample  8 

0.641 

0.744 

0.040 

1.0 

6.x 

Alfalfa  leaf  extract 

0.805 

0.842 

0.138 

24.0 

17.1 

Alfalfa  leaf  extract 

0.256 

0.286 

0.026 

9.4 

10.1 

Alfalfa  leaf  extract 
(refluxed  30  hours) 

1.293 

1.267 

0.316 

37.5 

24.! 

Alfalfa  leaf  extract 
(refluxed  30  hours) 

0.825 

0.811 

0.187 

36.5 

22. 1 
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Apparatus  for  Rapid  Polarographic  Analysis 

JAMES  J.  LINGANE 

Mallinckrodt  Chemical  Laboratory,  Harvard  University,  Cambridge,  Mass. 


VARIETY  of  different  types  of  cells,  each  of  which  has  its 
i  merits,  has  been  proposed  for  polarographic  analysis  (3). 
damen tally,  these  all  fall  into  two  categories;  (1)  those  in 
ch  a  quiet  pool  of  mercury  in  direct  contact  with  the  solution 
ig  analyzed  constitutes  the  second  electrode,  which  were  rec- 
nended  originally  by  Heyrovsk^  and  much  used  in  the 
ier  work  with  the  dropping  electrode,  and  (2)  those  in  which  a 
irated  calomel,  or  other  nonpolarizable  reference  electrode,  is 
1  as  the  second  electrode.  For  reasons  already  discussed  (3) 
i  of  the  latter  type,  such  as  that  described  by  Lingane  and 
inen  (5),  are  preferable  for  general  use,  particularly  in  re- 
ch  studies  when  the  polarographic  behavior  of  a  substance  is 
g  investigated  for  the  first  time.  However,  for  more  or  less 
ine  analyses  of  substances  of  well-known  polarographic  char- 


Figure  1.  Polarographic  Cell 


acteristics  cells  of  the  first  type  often  are  more  convenient.  The 
cell  shown  in  Figure  1  has  proved  to  be  very  useful  for  a  variety 
of  analyses. 


SIMPLIFIED  POLAROGRAPHIC  CELL 

In  this  simple  cell  the  inconvenient  classical  mercury  pool 
anode  has  been  replaced  by  a  silver-silver  chloride  anode,  which 
consists  of  No.  22  silver  wire  wound  as  a  tight  cylinder  directly 
on  the  dropping  electrode  capillary,  as  shown,  with  its  free  end 
spiraled  up  to  the  rubber  connecting  tube  where  it  is  held  in 
place  by  a  wrapping  of  copper  wire.  The  silver  wire  cylinder  is 
about  2  cm.  long,  and  its  lower  end  extends  to  within  about  3  or 
4  mm.  from  the  tip  of  the  dropping  electrode.  To  ensure  a  re¬ 
producible  potential,  it  is  advisable  to  deposit  electrolytically  a 
thin  coating  of  silver  chloride  on  the  silver  electrode  before  use. 
The  apparent  area  of  the  electrode  is  about  5  sq.  cm.,  which  is 
amply  large  to  prevent  appreciable  polarization.  As  a  matter  of 
fact,  the  area  of  the  electrode  immersed  in  the  solution  may  be  as 
small  as  1  sq.  cm.  without  significant  polarization  occurring  with 
currents  of  the  usual  magnitude. 

This  silver-silver  chloride  electrode  may  be  employed  whenever 
the  solution  investigated  contains  chloride  ion,  and  when  it  does 
not  contain  substances  which  will  dissolve  silver  chloride  (me¬ 
tathesis  of  the  silver  chloride  to  a  more  insoluble  salt  is  permissi¬ 
ble).  For  example,  it  may  be  used  with  any  of  the  common 
supporting  electrolytes  containing  alkali  or  alkaline  earth  halides, 
hydrochloric  acid,  acidic,  neutral,  or  basic  tartrate  solutions  con¬ 
taining  chloride  ion,  sodium  hydroxide,  in  solutions  of  the  tetra- 
alkylammonium  halides  or  hydroxides,  etc.  The  electrode  may 
not  be  used  in  ammoniacal  solutions,  in  .cyanide  solutions,  or  in 
general  whenever  the  solution  contains  substances  that  form  very 
stable  complex  ions  with  silver,  because  in  such  cases  the  silver 
chloride  coating  will  be  dissolved  and  the  polarogram  will  show  a 
diffusion  current  of  the  silver  complex.  A  safe  criterion  that  may 
be  applied  in  doubtful  cases  consists  of  adding  a  drop  or  two  of 
0.1  TV  silver  nitrate  to  about  10  cc.  of  the  solution  to  be  investi¬ 
gated,  and  if  a  precipitate  forms  (it  need  not  be  silver  chloride)  the 
silver  chloride  electrode  may  be  used  safely. 

The  potential  of  the  silver-silver  chloride  electrode  in  any  par¬ 
ticular  medium  may  be  determined  either  by  direct  measurement 
against  the  saturated  calomel  electrode  (for  which  purpose  an  H- 
cell  with  saturated  calomel  anode,  5,  is  convenient),  or  by  com¬ 
paring  the  apparent  half-wave  potential  of  some  substance  as  de¬ 
termined  with  the  silver-silver  chloride  anode  with  the  known 
value  referred  to  the  saturated  calomel  electrode.  The  potential 
of  the  silver-silver  chloride  electrode  is  subtracted  algebraically 
from  observed  half-wave  potentials  to  refer  the  latter  to  the 
standard  saturated  calomel  electrode.  In  any  given  chloride- 
containing  medium  the  potential  of  the  silver-silver  ehloride  elec¬ 
trode  is  0.046  volt  more  negative  than  that  of  a  calomel  electrode 
in  the  same  solution. 
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The  cell  is  provided  with  two  gas-inlet  tubes,  the  lower  of 
which  is  constructed  of  capillary  tubing  to  facilitate  the  forma¬ 
tion  of  small  gas  bubbles  and  thus  provide  a  large  contact  sur¬ 
face  between  the  gas  and  the  solution.  Nitrogen  or  hydrogen  is 
first  passed  very  rapidly  through  the  lower  inlet  tube  to  free  the 
solution  from  dissolved  oxygen,  and  then  it  is  passed  at  a  slower 
rate  over  the  surface  of  the  solution  by  means  of  the  upper  inlet 
tube  during  the  recording  of  a  polarogram. 

This  cell  is  convenient  because  it  requires  only  a  small  volume 
of  solution  (3  to  7  cc.),  but  more  importantly  because  it  permits 
very  rapid  removal  of  dissolved  air  from  the  solution.  This  latter 
advantage  is  demonstrated  by  the  polarograms  in  Figure  2. 

In  this  experiment,  5  cc.  of  a  0.465  millimolar  solution  of  cad¬ 
mium  ion  in  0.4  M  sodium  tartrate,  0.1  M  sodium  hydrogen  tar¬ 
trate,  0.1  M  sodium  chloride,  and  0.005%  gelatin,  were  used. 
Curve  a  is  a  polarogram  of  the  solution  before  removal  of  dissolved 
air,  and  it  shows  a  large  wave  of  oxygen  prior  to  the  cadmium 
wave.  Curve  b  was  recorded  after  a  very  rapid  stream  of  pure 
nitrogen  was  passed  through  the  solution  for  only  1  minute,  and  it 
is  seen  that  in  this  short  time  about  90%  of  the  oxygen  was  re¬ 
moved.  Curve  c  was  recorded  after  a  rapid  stream  of  nitrogen 
was  passed  for  a  total  of  3  minutes,  and  curve  d  was  obtained 
after  a  slower  flow  of  nitrogen  had  been  maintained  for  an  hour 
longer.  The  fact  that  there  is  no  significant  difference  between 
curves  c  and  d  shows  that  removal  of  dissolved  oxygen  was  com¬ 
plete  after  only  3  minutes.  The  practical  advantage  of  being 
able  to  remove  oxygen  this  quickly  is  obvious. 


AUTOMATIC  DETERMINATION  OF  RATE  OF  MERCURY  FLOW  FROM 
DROPPING  ELECTRODE 

The  stop-clock  circuit  sketched  in  Figure  1  determines  auto¬ 
matically  the  rate  of  mercury  flow,  m,  from  the  dropping  elec¬ 
trode,  which  datum  is  required  in  applications  of  the  Ilkovic  equa¬ 
tion  (S),  and  especially  for  the  use  of  diffusion  current  constants 
in  practical  analyses  (/).  The  operational  principle  of  this  device 
is  essentially  the  same  as  that  employed  by  Feskov  (2)  and  Drake 
(1)  for  automatic  measurements  with  gas  effusiometers — namely, 
that  the  flow  of  a  conducting  liquid  through  a  tube  past  fixed 
metallic  contacts  automatically  starts  and  stops  an  electric  stop 
clock,  which  thus  registers  the  time  required  to  empty  or  fill  the 
volume  between  the  contacts. 


Figure  2.  Polarograms 


Referring  to  Figure  1,  three  tungsten  contact  points  are  sealed 
into  the  stand  tube  above  the  dropping  electrode;  the  two  lower 
contacts  complete  the  circuit  through  the  clock,  while  the  upper¬ 
most  short-circuits  the  clock  and  prevents  it  from  running.  The 
stand  tube  is  constructed  from  Pyrex  tubing  4  mm.  inside  diam¬ 
eter.  The  two  upper  contacts  are  placed  between  1  and  2  cm.  apart, 
and  the  lower  contact  is  sealed  in  at  any  convenient  point  below 
the  middle  contact.  To  minimize  the  tendency  for  the  mercury 


to  adhere  to  the  contacts,  they  should  be  cleaned  carefully, 
to  a  fine  point,  bent  downward  as  shown,  and  located  as  ex; 
as  possible  in  the  center  of  the  tube. 

A  3000-ohm  resistance  was  placed  in  series  with  the  clot 
minimize  sparking  at  the  contacts.  This  resistance  should  1 
large  as  operation  of  the  clock  will  permit,  and  its  magnitude 
depend  on  the  characteristics  of  the  clock  that  is  used, 
author  used  a  precision  stop  clock  manufactured  by  the  E 
Thompson  Clock  Co.,  Bristol,  Conn.,  but  an  ordinary  inexpei 
clock  which  will  start  and  stop  without  more  than  1-second  1; 
coast,  and  which  will  allow  the  use  of  a  series  resistance  < 
least  1000  ohms,  should  be  equally  satisfactory.  The  sv 
shown  in  Figure  1  is  provided  to  permit  ordinary  use  of  the  c 
for  other  measurements. 

A  measurement  is  started  by  raising  the  mercury  reservoir  i 
the  mercury  level  is  a  few  millimeters  above  the  upper  con 
The  screw  clamp  on  the  rubber  tube  connecting  the  mercury  r 
voir  with  the  stand  tube  is  then  closed  tightly,  the  stop  cloi 
set  to  zero,  and  the  apparatus  is  left  to  itself.  When  the  mer 
level  falls  below  the  upper  contact  the  short-circuit  is  broken 
the  clock  starts.  Then  when  the  mercury  level  leaves  the  mi 
contact  the  circuit  through  the  clock  is  opened  and  it  si 
Thus,  the  clock  registers  the  time  of  flow  of  that  weight  of  j 
cury  that  is  equivalent  to  the  volume  between  the  two  upper 
tacts,  and  m  is  obtained  by  dividing  this  previously  determ 
weight  in  milligrams  by  the  registered  time  in  seconds.  By  me 
opening  the  screw  clamp  to  reset  the  mercury  level,  the  devi 
readied  for  another  measurement. 

The  precision  with  which  this  device  measures  m  is  der 
strated  by  the  following  successive  readings  obtained  with 
same  dropping  electrode:  505,  506,  510,  507,  509,  and  508 
onds.  The  average  deviation  of  these  values  from  the  mean 
seconds)  is  ±2  seconds,  or  ±0.4%  and  the  largest  discreps 
between  any  two  readings  is  5  seconds,  or  1%.  Since  pol 
graphic  diffusion  currents  are  measurable  with  an  accurac; 
about  ±1%  at  best  under  practical  analytical  conditions, 
since  the  diffusion  current  is  a  function  of  the  two-thirds  powi 
m,  it  is  evident  that  this  instrument  is  amply  accurate  for  gee 
use.  By  placing  the  contacts  closer  together  and/or  using  a 
rower  tube  the  time  of  measurement  could  be  shortened,  but  s 
the  measurement  is  made  automatically  the  time  is  not  im 
tant,  and  it  is  preferable  for  it  to  be  at  least  500  seconds  to  en 
satisfactory  accuracy. 

Calibration  of  the  instrument  is  accomplished  most  coir 
iently  by  determining  the  m- value  of  a  dropping  electrode  in 
ordinary  way  (3)  from  the  weight  of  mercury  delivered  i 
measured  time,  and  then  clocking  the  same  electrode  with 
instrument.  In  this  manner  the  dropping  electrode  which  yiel 
the  above  time  measurements  was  found  to  have  an  m-valu 
4.056  =*=  0.006  mg.  sec.-1  at  25°  C.  Therefore,  the  weight  of  i 
cury  corresponding  to  the  volume  between  the  upper  contact 
this  particular  tube  was  2060  ±  8  mg.,  and  in  an  unknown  ca; 
is  obtained  by  dividing  this  weight  constant  by  the  registi 
time  in  seconds. 

Since  w  is  a  linear  function  of  the  height  of  mercury  in  the  st 
tube  (3),  the  value  determined  by  this  instrument  is  an  avei 
value  corresponding  to  a  mercury  level  exactly  midway  betw 
the  upper  contacts.  Hence  the  mercury  level  is  adjusted  to 
point,  with  the  pinchclamp  open,  during  actual  use  of  the  di 
ping  electrode. 

The  temperature  coefficient  of  m  is  +0.31  %  per  degree  at  rc 
temperature  (/),  and  therefore  it  should  be  measured  with 
dropping  electrode  immersed  in  water  or  solution  at  the  ss 
temperature  (preferably  25°  C.)  at  which  the  electrode  will  sul 
quently  be  used. 
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Fluorocolorimetric  Determination  of  Blended  Oils 
and  Oil  in  Oil-Water  Emulsions 

HENRY  BENJAMIN 
1 85  Blackthorn  Ave.,  Toronto,  Canada 


THE  past  few  years  the  use  of  fluorescence  in  both  quali- 
ative  and  quantitative  analyses  has  advanced  rapidly, 
ny  photoelectric  and  fluorescent  instruments  and  techniques 
re  been  developed  and  are  now  available  to  the  analyst. 
■  application  of  this  principle  to  analysis  has  speeded  up  and 
le  more  accurate  the  de- 
nination  of  many  elements 
compounds.  275 

'he  author  of  this  article 
called  upon  to  determine 
concentration  of  sulfurized 
,ing  oils  blended  with 
ight  mineral  oil  used  as  a 
,ing  coolant  and  also  the 
content  of  oil-water  emul- 
s. 

he  only  method  avail- 
e  for  cutting  oils  was 
means  of  viscosity,  a  slow 
messy  procedure.  It  was 
issary  to  make  up  definite 
;entrations  of  the  blended 
and  determine  viscosities 
hese  standards,  after  which 
viscosities  of  the  samples 
nselves  were  determined; 
l  a  procedure,  while  per- 
5  accurate,  was  certainly 
:-consuming. 

1  the  case  of  the  oil-water 
lsions,  it  was  found  neces- 
to  break  the  emulsion  by 
use  of  large  quantities  of 
iric  acid  and  then  measure, 
volume,  the  amount  of  oil  in  the  samples, 
s  very  slow,  and  the  latter  was  inaccurate. 

DETERMINATIONS  By  FLUORESCENCE 

1  order  to  improve  the  procedures  and  speed  them  up,  use 
made  of  the  phenomenon  of  fluorescence  excited  by  ultra- 
:t  rays.  Determinations  by  this  means  could  be  made  in  as 
y  minutes  as  the  older  ones  took  in  hours  and  were  applicable 
I  oils  and  waxes  which  exhibited  any  degree  of  fluorescence, 
and  waxes  which  did  not  fluoresce  could  be  estimated  in  the 
3  manner  by  adding  suitable  oil-soluble  fluorescent  dyes. 

traviolet  rays  were  supplied  by  a  bank  of  four  2-watt  argon 
s,  the  visible  rays  being  filtered  out  by  a  Wratten  ultraviolet 
alter.  Strips  of  blotting  paper,  0.6  X  3.75  cm.  (0.25  X  1.5 
3s),  were  impregnated  with  standard  samples  of  the  oils  made 
)  definite  concentral  ions,  and  these,  because  of  the  fluorescent 
re  of  the  oil  itself,  produced  a  sharp  gradation  of  colors.  It 
then  an  easy  matter  to  match  the  samples  to  these  standards, 
ae  concentrations  of  the  various  blends  can  be  related  graph- 
/  to  the  viscosity,  it  is  only  necessary,  when  desired,  to  refer 
a  appropriate  curve  to  express  the  fluorescent-colorimetric 
rmination  in  terms  of  Saybolt  seconds. 

)  determine  the  concentrations  of  oil  in  the  oil-water  emul- 
;,  samples  of  known  oil  concentrations  were  prepared  and  the 
town  sample  was  colorimetrically  compared  with  them.  The 
iards  could  be  used  indefinitely,  and  did  not  deteriorate  over 
periods  of  time. 


EXTRACTION  METHOD 

Many  emulsions  are  subject  to  contamination  that  might  inter¬ 
fere  with  the  visual  colorimetric  method  and  lead  to  erroneous 
results.  In  order  to  remove  the  interfering  parts  of  the  sample, 
the  following  extraction  method  was  developed: 

Two  milliliters  of  the  sam¬ 
ple  were  placed  in  a  large 
stoppered  test  tube  and  10  ml. 
of  ether  added.  This  was  well 
shaken,  and  25  ml.  of  a  satu¬ 
rated  solution  of  sodium  chlo¬ 
ride  were  added  to  break  the 
emulsion. 

A  small  portion  of  the  ether 
layer,  now  containing  all  the 
oil  in  the  sample,  was  placed 
in  stoppered  glass  tubes  0.47 
cm.  (3/ic  inch)  in  diameter.  It 
was  not  necessary  to  measure 
the  volume  of  this  portion  of 
the  sample,  as  each  tube  was 
of  equal  size  and  all  held  the 
same  volume. 

Standards  treated  in  exactly 
the  same  manner  were  pre¬ 
pared  and  colorimetric  com¬ 
parisons  made.  It  was  neces¬ 
sary  to  prepare  only  one  set 
and  seal  them  well  in  order  to 
prevent  evaporation  of  the 
ether,  as  these  could  be  used 
indefinitely. 

Very  close  estimation  of  the 
total  oil  content  in  emulsions 
could  be  made  by  this  method, 
as  any  error  caused  by  evapo¬ 
ration  of  the  ether  was  negligi¬ 
ble  and  no  measurable  trace  of 
oil  remained  in  the  aqueous  layer.  Determination  of  oil  in  oil 
emulsions  could  be  performed,  by  visual  matching,  to  ±0.1% 
(12.5  parts  in  10,000). 

In  the  case  of  blended  oils,  all  samples  when  checked  colori¬ 
metrically  with  viscosity,  showed  a  difference  of  only  ±2  Say- 
bolt  seconds.  Figure  1  shows  the  relationship  of  Saybolt  seconds 
to  composition  of  blended  oils  in  terms  of  ratios — i.e.,  the  pro¬ 
portions  of  blending  agent  to  mineral  oil.  This  difference 
brings  a  maximum  error  of  only  3%  at  th  lower  end  of  the  graph 
and  much  less  at  the  higher  end.  As  the  usual  ratio  of  blending 
agent  to  mineral  oil  lies  about  the  center,  the  error  is  reduced 
proportionately.  The  blended  oils  referred  to  do  not  contain 
water;  they  are  not  emulsions. 

In  the  estimation  of  emulsions  by  means  of  the  ether-extrac¬ 
tion  method,  smaller  samples  gave  a  much  sharper  color  grada¬ 
tion. 

This  principle  was  also  applied  to  determine  the  efficiency  of 
oil  removal  when  metal  parts  were  cleaned  and  washed  by  various 
methods.  A  trace  of  oil  not  visible  to  the  naked  eye  became  ap¬ 
parent  when  excited  by  ultraviolet  rays. 
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A  Versatile  Continuous  Laboratory  Extractor 

I.  W.  RUDERMAN,  Panelyte  Division,  St.  Regis  Paper  Company,  Trenton,  N.  J. 


IN  CONNECTION  with  a  project  carried  out  in  this  labora¬ 
tory,  it  was  necessary  to  extract  a  fairly  large  quantity  of 
various  crude  materials  with  organic  solvents,  such  as  ether,  ace¬ 
tone,  methanol,  and  benzene.  It  was  desired  to  make  the  ex¬ 
tractions  approximately  quantitative.  The  ordinary  size  of 
Soxhlet  extractor  does  not  have  the  capacity  required,  while 
large  all-glass  Soxhlet  extractors  are  expensive.  The  extractors 
of  Clarke  and  Kirner  (I)  and  Tanner  (3)  were  considered  not 
rapid  enough  and  subject  to  loss  of  solvent  vapor,  respectively. 

An  improved  extractor  constructed  from  apparatus  found  in 
the  laboratory  possesses  certain  unique  advantages. 

As  shown  in  the  photograph,  the  extractor  is  made  up  essen¬ 
tially  of  a  distilling  flask,  a  Buchner  funnel,  and  a  water-cooled 
condenser.  The  distilling  flask,  which  is  a  standard  item  (Pyrex 
Catalog  3480),  consists  of  two  parts:  a  heavy  Pyrex  bottom  with 
a  wide  ground  rim,  and  a  Pyrex  dome  with  a  wide  ground  flange 
and  an  opening  at  the  top.  The  bottom  of  the  flask  has  an  in¬ 
side  diameter  of  approximately  165  mm.,  is  105  mm.  deep,  and 
has  a  capacity  of  2000  ml.  The  dome  is  preferably  fitted  with  a 
standard  taper  joint  at  the  top,  although  the  one  shown  is  not  so 
constructed.  The  Buchner  funnel  has  an  outside  diameter  of 
106  mm.  and  is  supported  in  the  flask  on  a  small  tripod,  which  is 
easily  made  from  wire  or  glass  rod.  It  is  necessary  to  cut  off 
about  3  cm.  of  the  stem  of  the  funnel  in  order  to  fit  the  funnel 
into  the  flask. 

About  300  to  500  ml.  of  solvent  are  put  into  the  bottom  of  the 
flask.  The  funnel  is  fitted  with  a  sheet  of  filter  paper  and  100  to 
200  grams  of  the  material  to  be  extracted  are  added.  The  two 
parts  of  the  flask  are  sealed  by  a  rubber  gasket  or  by  a  lubricant 
unaffected  by  organic  solvents  (2).  A  Thiokol  gasket  previously 
extracted  with  the  solvent  to  be  used  makes  a  good  seal.  When 
a  gasket  is  used,  the  two  sections  of  the  flask  are  held  together 
by  three  Hoffman  clamps  placed  around  the  flange.  The  flask  is 
heated  by  a  thermostatically  controlled  electric  hot  plate  which 
may  for  safety  be  covered  with  an  asbestos  pad,  although  no 
breakage  has  been  encountered  with  direct  heating.  The  rate 
of  heating  is  so  adjusted  that  the  surface  of  the  material  being  ex¬ 
tracted  is  at  all  times  covered  with  a  thin  layer  of  solvent.  Under 
these  conditions  there  is  a  constant  flow  of  solvent  through  the 
material,  thereby  preventing  restricted  flow  through  a  depression 
caused  by  the  drip  of  the  condensate. 


If  the  material  being  extracted  is  very  porous,  the  use  of  r 
than  one  sheet  of  dense  filter  paper  will  hold  up  the  solvent 
ficiently  to  keep  the  material  covered  with  solvent. 

After  the  extraction  is  c 
plete,  the  funnel  and  tr: 
are  removed,  a  distilling  1 
is  connected  to  the  flask, 
the  condenser  is  arranged 
distillation  to  remove  the 
vent.  When  all  the  soh 
has  been  removed,  the  aj 
ratus  is  dismantled,  and 
bottom  of  the  flask  is  pk 
in  an  oven  or  desiccator 
order  to  dry  the  extract, 
large  surface  presented  by 
bottom  of  the  flask  facilit 
drying,  particularly  with 
cous  liquid  extracts. 

When  used  in  the  org; 
chemical  laboratory,  the 
tractor  possesses  the  uni 
advantage  of  permitting 
following  sequence  of  op 
tions  to  be  carried  out  in 
same  apparatus:  the  cr 
material  is  collected  by  fil 
tion  in  the  Buchner  fun 
the  funnel  is  transferred  to 
extraction  flask  and  the  cr 
material  is  extracted;  and 
extract  is  freed  from  solvent  and  dried.  Such  continuity  ] 
vents  loss  of  material,  saves  time,  and  makes  possible  appn 
mate  quantitative  work. 
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A  Support  for  Flasks  on  Steam  and  Water  Baths 

LORNE  FORD,  Research  Laboratory,  The  Canadian  Fishing  Co.,  Ltd.,  Vancouver,  British  Columbia 


THE  refluxing  and  distillation  of  solvents  in  flasks  on  steam 
baths  are  often  rather  slow,  but  can  be  considerably  speeded 
up  by  lowering  the  flasks  into  the  bath  so  that  a  greater  part  of 
the  surface  is  exposed  to  the  steam.  The  concentric  rings  which 
ordinarily  form  the  covers  of  steam  baths  allow  no  more  than  the 


bottom  half  of  round  flasks  and  only  the  flat  bottom  of  Erl 
meyer  flasks  to  be  exposed  to  the  steam,  unless  the  flasks  are  s 
ported  by  a  buret  clamp  or  some  other  means. 

A  simple  attachment  to  the  covers  is  shown  in  the  accompa, 
ing  illustration.  It  consists  of  two  strips  of  sheet  metal  bt 
into  a  U-shape  as  shown,  and  soldered  to  the  lower  part  of  I 
bottom  surface  of  the  concentric  ring,  having  an  inside  diame 
larger  than  that  of  the  flask  to  be  supported.  The  two  U-sha; 
strips  are  soldered  to  the  ring  at  right  angles  to  each  other, 
that  they  form  a  rack  to  support  the  flask. 

The  depth  of  the  sides  of  the  U-shaped  strips  is  such  that  wl 
the  flask  is  in  position  the  next  smallest  ring  or  set  of  rings  m 
be  dropped  into  place  over  the  neck  of  the  flask  and  will 
closely  around  the  narrow  upper  portion  of  the  flask  and  also 
the  other  rings. 

The  greater  portion  of  the  flask  is  enclosed  by  the  steam  bs 
and  covers  and  is  exposed  effectively  to  the  steam,  without  t 
necessity  of  outside  supports.  The  covers  serve  as  a  seal  arou 
the  upper  portion  of  the  flask  and  no  other  packing  is  requir 
to  stop  escape  of  steam  from  the  system. 
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Determination  of  Cadmium  in  Biological  Material 

Spectrographic,  Polarographic,  and  Colorimetric  Methods 

JACOB  CHOLAK  and  DONALD  M.  HUBBARD 

Kettering  Laboratory  of  Applied  Physiology,  College  of  Medicine,  University  of  Cincinnati,  Cincinnati,  Ohio 


iable  spectrographic,  polarographic,  and  colorimetric  methods 
the  determination  of  cadmium  in  biological  material  are  described, 
sach  method  cadmium  is  first  separated  from  the  bulk  of  the  wet- 
sd  matrix  by  extraction  with  di-/3-naphthylthiocarbazone  (or 
lizone)  in  chloroform. 

little  as  0.4  microgram  of  cadmium  may  be  determined  spectro- 
>hically.  This  method  is  the  most  specific  and  the  most  rapid  when 
ly  samples  are  analyzed  routinely.  The  polarographic  method  is 
most  convenient  for  the  analysis  of  occasional  samples  and  is  ca¬ 
fe  of  detecting  1 .5  to  500  micrograms  or  more  per  3  ml.  of  solu- 
.  Its  specificity  is  excellent.  The  colorimetric  method  is  the 

^TERMINATION  of  the  quantities  of  cadmium  in  the 
tissues,  body  fluids,  and  excreta  of  experimental  animals 
exposed  human  subjects  necessitates  the  use  of  analytical 
hods  of  high  sensitivity  and  specificity.  The  colorimetric 
ide  method  in  which  ultraviolet  intensification  is  employed 
lacks  sensitivity.  A  sensitivity  of  detection  of  1/2,500,000 
been  claimed  for  it  (8),  but  Prodan  (15),  using  the  method, 
:d  to  detect  cadmium  in  62-  to  117-gram  samples  of  blood 
q  cats  killed  immediately  at  the  termination  of  feeding  ex- 
ments  with  cadmium  salts.  This  was  particularly  striking 
e  he  reported  high  concentrations  of  the  metal  in  the  urine, 
leys,  and  liver  of  these  animals. 

olarographic,  spectrographic,  and  colorimetric  methods  em- 
dng  dithizone  have  been  used  to  detect  small  amounts  of 
mium  in  various  industrial  products  and  raw  materials,  but 
arently  these  methods  have  not  been  applied  to  the  deter- 
ation  of  cadmium  in  biological  materials.  Spectrographic 
sction  was  found  possible  with  as  little  as  0.4  microgram  of 
mum  in  the  direct  current  arc  (/),  while  as  little  as  0.5  to  1 
rogram  per  milliliter  of  solution  can  be  detected  with  the 
.rograph  if  instruments  are  employed  with  which  it  is  possible 
liminate  or  reduce  galvanometer  oscillations  (12).  Fischer 
claims  for  the  dithizone  method  a  sensitivity  of  detection  of 
microgram  of  cadmium  in  nonferrous  alloys,  and  Sandell 
has  applied  Fischer’s  method  to  the  analysis  of  igneous  rock 
aining  10~6%  cadmium.  Sensitive  methods  for  the  de¬ 
ion  of  traces  of  cadmium  have  also  been  reported  by  Mahr 
and  by  Dwyer  (7),  but  these  methods  cannot  be  used  for 
ntitative  determination  of  the  element, 
his  paper,  therefore,  concerns  itself  with  the  modifications 
details  necessary  to  adapt  spectrographic,  polarographic, 
di-/3-naphthylthiocarbazone  or  diphenyl thiocarbazone  (dithi- 
-)  methods  to  the  determination  of  cadmium  in  biological 
erial  in  any  range  of  concentration  likely  to  be  encountered 
ich  material. 

PROCEDURES 

REPARATION  OF  SAMPLES  AND  INITIAL  CONCENTRATION  OF 

mium.  The  sample,  50  to  100  ml.  of  urine,  5  to  20  grams  of 
le,  dried  feces,  blood,  or  other  material,  is  wet-ashed  by  a 
iric  acid-nitric  acid  mixture  in  an  open  beaker,  Kjeldahl 
:,  or  closed  digestion  system  such  as  has  been  used  for  ar¬ 
il  analysis  (10).  The  digest  is  evaporated  to  fumes  of  sulfur 
dde,  any  char  occurring  meanwhile  being  destroyed  by  re¬ 
ed  addition  of  small  portions  of  nitric  and  perchloric  acids. 
;n  ashing  is  complete,  the  cooled  sample  is  rinsed  into  a  clean 
ml.  graduated  Squibb-type  separatory  funnel.  Fifteen 
liters  of  ammonium  citrate  solution  (400  grams  of  citric 
in  600  ml.  of  water  made  alkaline  to  phenol  red  with  con- 


most  sensitive,  but  it  is  laborious  and  time-consuming,  and  requires 
careful  attention  to  details  if  contamination  by  zinc  is  to  be  avoided. 
Cadmium  is  separated  from  lead  and  zinc  by  an  extraction  with  dithi¬ 
zone  solution  from  5%  sodium  hydroxide  solution.  Entrained 
zinc,  lead,  and  bismuth  are  then  removed  by  washing  the  extract 
with  water.  Loss  of  cadmium  to  the  wash  water  is  prevented  by  add¬ 
ing  an  excess  of  dithizone  solution  to  the  cadmium  dithizonate  ex¬ 
tract.  The  cadmium  is  estimated  colorimetrically  from  a  mixed  color 
phase,  di-/3-naphthylthiocarbazone  in  chloroform  being  employed 
for  this  purpose.  Fractions  of  a  microgram  of  cadmium  can  be  de¬ 
tected  and  estimated. 

centrated  ammonia  and  diluted  to  1000  ml.  with  distilled  water) 
are  added  and  the  volume  is  made  up  to  50  ml.  with  distilled 
water.  After  the  addition  of  2  drops  of  phenol  red  indicator, 
concentrated  ammonia  is  added  until  the  indicator  just  changes 
to  pink  (pH  8.3). 

The  cadmium,  zinc,  lead,  and  other  metals  are  then  extracted 
by  adding  5-ml.  portions  of  di-/3-naphthylthiocarbazone  (or 
dithizone)  in  chloroform  (200  mg.  in  1000  ml.  of  chloroform). 
Each  5-ml.  portion  is  removed  to  a  second  funnel  before  the 
next  portion  is  added,  and  the  extraction  is  continued  until  the 
last  5-ml.  portion  added  shows  no  change  in  its  original  color. 
The  combined  chloroform  extract  is  shaken  with  50  ml.  of  dis¬ 
tilled  water,  and  is  then  removed  to  another  funnel.  The  aqueous 
layer  is  shaken  with  5  ml.  of  clear  chloroform  and  this  too  is 
added  to  the  chloroform  extract.  The  chloroform  extract  is 
next  shaken  with  50  ml.  of  0.2  N  hydrochloric  acid  and  is  dis¬ 
carded,  while  the  aqueous  layer  is  washed  with  pure  chloroform 
in  order  to  remove  entrained  di-/3-naphthylthiocarbazone.  In 
case  polarographic  or  spectrographic  estimation  is  to  be  made, 
the  aqueous  layer  is  then  transferred  quantitatively  to  a  small 
beaker  and  is  allowed  to  evaporate  to  dryness  on  the  hot  plate. 
For  the  colorimetric  method,  the  aqueous  portion  is  retained  in 
the  funnel  and  the  procedure  described  below  under  “Colori¬ 
metric  Method”  is  followed. 

Spectrographic  Method.  To  the  dried  residue  in  the 
beaker,  1  ml.  of  a  salt  buffer  solution  (1%  solution  of  disodium 
acid  phosphate,  sodium  chloride,  or  urine  salt  stock,  3,  contain¬ 
ing  10  mg.  of  molybdenum  as  sodium  molybdate  per  100  ml.)  is 
added,  and  0.2  ml.  of  the  resulting  solution  is  placed  in  a  crater 
(3  X  10  mm.)  drilled  in  a  2.5-cm.  (1-inch)  length  of  0.78-cm. 
(Vie-inch)  graphite  rod.  The  rod  is  dried  in  an  oven  and  is  then 
used  as  the  lower  positive  electrode  of  a  direct  current  arc,  the 
upper  electrode  consisting  of  a  3.75-cm.  (1.5-inch)  length  of  rod, 
one  end  of  which  is  turned  to  a  point  in  a  pencil  sharpener.  The 
arc  is  operated  for  2  minutes  at  10  amperes  from  a  110-volt 
direct  current  line,  and  the  spectrum  is  photographed  on  an 
Eastman  No.  33  plate  at  setting  4  of  the  large  quartz  Littrow 
spectrograph.  Each  analytical  spectrum  is  obtained  with  a 
rotating  5-step  sector  (factor  2)  set  before  the  slit  of  the  spectro¬ 
graph.  The  developed  and  dried  plates  are  then  photometered 
and  partial  H  and  D  curves  are  plotted  for  the  cadmium  line  at 
3261  A.,  and  for  the  molybdenum  (internal  standard)  lineat3209  A, 
The  log  exposure  separation  between  the  two  curves  at  T  = 
0.50  (D  =  0.30)  is  then  obtained  and  the  concentration  of  cad¬ 
mium  is  read  from  a  predetermined  calibration  curve  derived 
from  spectrograms  of  known  amounts  of  cadmium  in  1-ml.  por¬ 
tions  of  the  salt  buffer  (/).  This  technique  is  satisfactory  for 
the  determination  of  5  to  200  micrograms  of  cadmium  in  1  ml. 
of  the  salt  buffer. 

For  the  determination  of  2  to  5  micrograms  of  cadmium  per 
milliliter  of  buffer  solution,  corrections  for  plate  background  must 
be  made.  The  technique  for  this  procedure,  involving  intensity 
ratios,  has  been  described  in  an  earlier  paper  (5).  In  this  low 
range,  the  cadmium  line  in  the  step  representing  the  maximum 
exposure  and  the  molybdenum  line  in  the  third  step  of  each 
stepped-spectrogram,  are  employed. 
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The  more  widely  used  ratio  procedure  (log  ICd/IMo)  with 
plate  calibration  has  also  been  employed  in  some  of  this  work. 
With  this  method  also  it  was. found  advisable  to  employ  the  5- 
step  sector  in  each  analytical  spectrum,  in  order  to  extend  the 
analytical  range.  With  the  maximum  exposure  step  the  range 
of  analysis  was  found  to  be  only  2  to  50  micrograms  of  cadmium 
per  milliliter  of  buffer  solution,  but  when  the  next  lower  exposure 
step  was  used,  the  analytical  range  was  increased  to  2  to  150 
micrograms  of  cadmium.  Background  corrections  should  be 
made  for  the  entire  range.  The  serious  disturbance  caused  by 
this  factor  is  illustrated  in  Figure  1,  where  the  cadmium  calibra¬ 
tion  curves  are  shown  for  the  uncorrected  densitometric  ratios, 
and  also  for  the  ratios  obtained  following  correction  for  back¬ 
ground  according  to  the  method  of  Pierce  and  Nachtrieb  (14). 
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Figure  1.  Effect  of  Background  in  Spectrographic 
Calibration  Curves  and  Curve  Obtained  by  Correc¬ 
tion  for  This  Effect 


Polarographic  Method.  To  the  dry  residue  in  the  beaker 
.  are  added  3  ml.  of  a  solution  containing  0.1JV  potassium  chloride 
.and  0.1  N  hydrochloric  acid.  The  solution  is  transferred  to  a 
polarograph  cell  and  after  oxygen  has  been  removed  by  bubbling 
nitrogen  gas  through  it  for  5  minutes,  the  solution  is  electrolyzed 
cathodically  from  —0.5  to  —0.9  volt.  The  cadmium  diffusion 
wave  appears  at  —0.7  volt  (empirical  on  Leeds  &  Northrup 
Electro-Chemograph)  and  it  can  be  evaluated  from  a  calibration 
curve  made  by  obtaining  the  diffusion  currents  of  known  amounts 
of  cadmium  in  0.2  N  hydrochloric  acid  exactly  as  was  done  with 
the  samples.  The  polarograms  are  obtained  at  a  constant 
temperature  and  a  uniform  rate  of  fall  of  mercury  drops.  By 
calibrating  for  several  galvanometer  sensitivities  it  is  possible  to 
determine  0.002  to  0.5  mg.  or  more  of  cadmium  in  3  ml.  of  solu¬ 
tion. 

Colorimetric  Method.  To  the  50  ml.  of  0.2  N  hydrochloric 
acid  containing  the  cadmium  and  other  metals  (particularly  lead 
and  zinc)  there  are  added  5  cc.  of  a  25%  sodium  tartrate  solu¬ 
tion  and  20  ml.  of  sodium  hydroxide  solution  (25  grams  of 
sodium  hydroxide  per  100  ml.  of  solution),  and  the  volume  is 
adjusted  to  100  ml.  with  distilled  water.  The  cadmium  is 
extracted  by  adding  5-ml.  portions  of  dithizone  in  chloroform 
(10  micrograms  of  dithizone  per  milliliter).  Extraction  is  con¬ 
tinued  until  the  last  portion  of  dithizone  solution  added  gives  a 
colorless  chloroform  phase,  each  portion  being  transferred  to  a 
second  separatory  funnel  containing  5  ml.  of  dithizone  solution 


(100  micrograms  per  milliliter  of  chloroform)  before  the  ne 
added.  The  dithizone  extract  is  now  washed  with  50  m 
di  tilled  water  and  the  cadmium  is  finally  shaken  into  50  n 
0.2  N  zinc-free  hydrochloric  acid  (made  by  absorbing,  in  t 
distilled  water,  hydrogen  chloride  liberated  by  the  additic 
concentrated  sulfuric  acid  to  reagent  grade  hydrochloric  acic 

Colorimetric  Estimation.  The  acid  extract,  conta: 
only  cadmium,  is  now  made  alkaline  by  adding  50  ml.  of 
free  ammonia.  (The  zinc-free  ammonia  is  obtained  by  dill 
50  ml.  of  concentrated  ammonia,  specific  gravity  0.9,  to  100' 
with  distilled  water  and  shaking  it  with  10-ml.  portions  of 
naphthylthiocarbazone  solution,  20  micrograms  per  milli 
until  no  change  of  color  occurs  in  the  last  portion  added, 
trained  di-/3-naphthylthioearbazone  must  be  removed 
pletely  by  washing  the  dilute  ammonia  with  pure  chloro 
until  the  last  wash  is  colorless.)  Five  milliliters  of  a  stan 
solution  of  di-d-naphthylthiocarbazone  in  chloroform  (20  ir 
grams  per  milliliter)  are  now  added  and  the  mixture  is  shake 
one  minute.  After  the  phases  have  separated  complete! 
portion  of  the  chloroform  phase  is  diluted  fivefold  with 
chloroform;  a  2.5-em.  cell  is  filled  with  the  diluted  solutior 
its  transmittancy  or  density  is  obtained  at  540  mp  with 
suitable  photometer. 

The  amount  of  cadmium  present  is  then  determined  fr< 
working  curve  prepared  by  treating  known  amounts  of  cadr 
in  50-nd.  portions  of  0.2  N  zinc-free  hydrochloric  acid  exact 
was  done  with  the  sample.  It  is  convenient  to  prepare  wot 
curves  for  two  ranges  of  concentration — 0  to  5  and  0  to  50  n 
grams.  In  the  latter  case  the  strength  of  the  standard  ex 
tion  solution  is  increased  so  that  each  milliliter  of  chloro 
contains  200  micrograms  of  di-/3-naphthylthiocarbazone. 
tometry  in  the  0  to  50-microgram  range  is  carried  out  w 
1-cm.  cell  and  the  solution  used  is  obtained  by  diluting  the  n 
color  twentyfold  with  pure  chloroform.  (Weak  standard 
naphthylthiocarbazone  solutions  must  be  stabilized  unless 
are  made  up  just  before  use.  The  stabilization  techniqui 
scribed  by  Bambach  and  Burkey,  1,  for  standard  dithizone 
tions  may  be  employed.) 


DISCUSSION 

In  preparing  samples  for  analysis,  it  is  advisable  to  emp 
wet-ashing  technique.  The  dry-ashing  method  at  500°  C 
proved  unsatisfactory  whenever  deflagration  occurs  and  v 
ever  samples  containing  more  than  10  micrograms  of  cadi 
are  low  in  their  total  ash  content.  Some  improvement  i 
covery  is  obtained  if  ash-aid  material  (Na2HPO.i)  is  adde 
“bulk”  the  ash.  However,  if  too  much  is  added,  samples  ar 
burned  out  cleanly  and  losses  occur  when  the  ash  is  again  tr< 
with  nitric  acid,  and  reignited.  The  magnitude  of  the  1 
which  occur  in  the  dry-ashing  technique  under  a  numbi 
conditions  is  illustrated  in  Table  I. 

Although  dithizone  may  be  used  throughout  except  foi 
purification  of  ammonia,  di-/3-naphthylthiocarbazone  (2,  11 
been  used  for  the  initial  extraction  of  cadmium  as  well  as  fo 
final  extraction  in  the  colorimetric  procedure.  Extraction 
this  reagent  is  more  rapid  than  with  dithizone  because,  in 


Table  I.  Cadmium  Recovery  Following  Dry-Ashing 


Cadmium  Added 
Micrograms 

2 

10 

200 

Urine  (100-ml.  portions) 

Blood 

Blood  Used  NaaHPOi  Added 

Grams  Gram 

Cadmium  Reco' 
Microgrami 

2.3,  2.4 
9. 5.9. 3 
200,  202 

3 

5 

3,3 

10 

5 

. . . 

9.5, 9.5 

50 

5 

42,42 

50 

5 

o!i 

47 

50 

5 

0.5 

30, 42° 

50 

10 

48 

100 

5 

... 

76 

100 

5 

0.1 

92 

100 

5 

0.5 

82,  82° 

a  These  samples  ashed  cleanly  only  after  a  reignition  following  treat 
with  nitric  acid. 
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st  to  dithizone,  di-/3-naphthylthiocarbazone  and  its  metal 
aplexes  are  insoluble  in  the  alkaline  aqueous  phase  and  there- 
@  fewer  extractions  are  required  (particularly  at  higher  pH 
lues)  to  remove  the  metal  complexes  completely.  This  in¬ 
ability  is  disadvantageous,  however,  in  the  step  of  the  colori- 
fric  procedure  in  which  the  cadmium  is  separated  from  the 
|c  and  lead  by  extraction  from  the  strongly  alkaline  aqueous 
ose,  since  all  metals  forming  complexes  with  di-/3-naphthyl- 
jcarbazone  are  also  extracted.  For  this  isolation,  therefore, 
hizone  must  be  used.  Di-/3-naphthylthiocarbazone  is  again 
d  in  the  final  colorimetric  step  in  which  only  pure  cadmium  is 
sent,  since  its  insolubility  eliminates  the  need  for  a  strict 
itrol  of  pH  in  obtaining  a  stable  and  reproducible  zero  point, 
hizone  partitions  more  readily  between  the  chloroform  and 
aline  aqueous  phases,  and  a  strict  control  of  pH  is  required  to 
ain  reproducible  results. 

?he  colorimetric  method,  although  the  most  sensitive  (as 
le  as  0.01  microgram  of  cadmium  can  be  detected,  9 ),  is 
ended  by  a  number  of  difficulties  which  are  eliminated  or  re- 
•ed  only  by  careful  attention  to  detail.  The  greatest  danger 
in  the  fact  that  it  is  difficult  to  separate  cadmium  completely 
n  the  zinc  which  is  entrained  with  the  cadmium  dithizonate. 
;cher  (.9),  recognizing  this  difficulty,  advised  washing  the  cad- 
iim  dithizonate  with  a  2%  solution  of  sodium  hydroxide, 
s  authors  have  found  that  while  this  treatment  is  effective  in 
loving  zinc,  it  also  results  in  a  loss  of  cadmium  (1  to  5  micro- 
pas),  especially  when  less  than  20  micrograms  of  cadmium  is 
;sent.  The  same  loss  was  found  to  occur  if  distilled  wrater 
s  substituted  for  the  alkali,  but  not  if  the  cadmium  dithizonate 
p  stabilized  by  the  presence  of  excess  dithizone.  It  is  for  this 
'son  that  the  dithizone  extracts  from  the  5%  alkali  are  run 
mediately  into  a  separatory  funnel  containing  5  ml.  of  the 
mg  dithizone  solution.  The  wash  water  is  made  sufficiently 
aline  by  removal  of  sodium  hydroxide  entrained  in  the  chloro- 
n  extract,  to  extract  all  the  zinc,  but  only  a  portion  of  the 
ess  dithizone.  The  final  washed  chloroform  phase  must 
tain  some  excess  of  dithizone  in  order  to  prevent  loss  of  cad- 
lm,  and  the  analyst  must  use  his  judgment  in  determining 
proper  amount  of  strong  dithizone  to  add  in  order  to  make 
tain  that  some  remains  in  the  chloroform  phase.  This  is 
lecially  true  when  larger  amounts  of  alkali  are  entrained  as  a 
isequence  of  increasing  the  number  of  dithizone  extractions  in 
'er  to  make  certain  that  all  of  the  cadmium  has  been  ex¬ 
ited. 

iandell  (16)  has  stated  that  when  nickel  is  present  in  the 
ongly  alkaline  phase  it  is  slowly  extracted  by  dithizone.  It  is 
1  authors’  opinion,  however,  that  interference  on  the  part  of 
kel  is  due  chiefly  to  its  oxidative  action  on  weak  dithizone 
iitions.  This  oxidation  may  be  readily  recognized  by  the  fact 
t  instead  of  the  colorless  chloroform  obtained  when  cadmium 
faction  is  complete  one  obtains  a  yellow  shade  which  is  due 
axidized  dithizone.  In  such  cases  even  though  the  chloroform 
ise  does  not  become  colorless  when  all  the  cadmium  has  been 
racted,  completeness  of  extraction  may  be  assumed  if  the 
low  tinge  persists  in  the  chloroform  phase.  That  a  complete 
aration  of  cadmium  from  zinc  and  nickel  was  attained  by  the 
hors’  method  of  extraction  and  washing,  was  proved  by  the 
arographic  examination  of  the  acid  extract  of  the  washed  cad- 
un  dithizonate-dithizone  phase. 

I'his  is  illustrated  in  Figure  2,  in  which  A  represents  a  sample 
10  micrograms  of  cadmium  to  which  100  micrograms  each  of 
ic  and  nickel  were  added.  Extractions  with  dithizone  were 
n  made  following  the  addition  of  1.25  grams  of  sodium  tar- 
te,  5  grams  of  sodium  hydroxide,  and  adjustment  of  the  volume 
100  ml.  B  represents  a  comparison  polarogram  obtained  with 
evaporated  residue  of  a  hydrochloric  acid  solution  to  which 
micrograms  of  cadmium  and  2  micrograms  each  of  nickel  and 
ic  were  added.  Separation  of  the  nickel  and  zinc  diffusion 
ves  was  accomplished  by  electrolyzing  the  residues  following 
ir  solution  in  3  ml.  of  a  solution  containing  0.1  N  ammonium 
■tate  and  0.025  N  potassium  thiocyanate. 


Lead  and  bismuth  are  the  only  other  metals  which  may  be  ex¬ 
tracted  with  cadmium  and  zinc  and  carried  along  to  the  step  in 
which  the  cadmium  is  isolated.  Like  zinc,  however,  lead  and 
bismuth  are  not  extracted  by  dithizone  from  strongly  alkaline 
solutions  and  therefore  they  are  removed  along  with  the  zinc  in 
the  extraction  and  washing  step.  Cobalt,  nickel,  copper,  mer¬ 
cury,  and  silver  originally  present  in  the  sample  are  extracted 
initially,  but  all  except  possibly  traces  of  copper  and  nickel 
remain  behind  in  the  chloroform  phase  when  the  latter  is  shaken 
with  the  0.2  N  hydrochloric  acid  in  preparing  the  extract  for 
separation  of  the  cadmium  from  zinc  and  lead.  The  small 
amounts  of  copper  and  nickel  that  may  be  carried  to  the  cad¬ 
mium-isolation  step  are  not  extracted  by  dithizone  from  the  5% 
sodium  hydroxide  solution. 


Figure  2.  Polarograms  Demonstrating  Removal  of  Interfering  Zinc 
and  Nickel  in  Colorimetric  Determination  of  Cadmium 


In  developing  the  colorimetric  method  it  was  noted  that  when 
the  dithizone  solution  made  from  Eastman  dithizone  was  used 
in  the  cadmium-separation  step,  it  imparted  a  pink  color  to  the 
chloroform  even  in  the  absence  of  cadmium.  This  was  found  to 
be  due  to  the  presence  of  semicarbazone  which,  however,  was 
easily  removed  by  purifying  the  dithizone  according  to  the  proce¬ 
dure  described  by  Cowling  and  Miller  (6).  It  was  also  observed, 
in  confirmation  of  Sandell’s  finding  (16),  that  weak  cadmium 
dithizonate  solution  (as  well  as  weak  dithizone  solution)  was  so 
unstable  that  the  colors  obtained  could  not  be  used  directly  for 
photometric  purposes.  This  fact  forced  the  authors  to  lengthen 
the  colorimetric  procedure  considerably  by  introducing  the 
mixed-color  photometric  step,  for  only  in  the  presence  of  excess 
di-/3-naphthyl  thiocarbazone  (or  dithizone)  is  sufficient  stability 
obtained  to  permit  the  reliable  estimation  of  small  amounts  of 
cadmium  dithizonate  by  photometric  means. 

If  reliable  results  are  to  be  obtained  with  the  colorimetric 
method,  great  care  must  be  taken  to  ensure  cleanliness  of  the 
extraction  apparatus,  pipets,  and  other  containers  used  in  mak¬ 
ing  the  final  dilution  for  photometric  reading.  If  this  is  not 
done,  zinc  present  as  surface  contamination  will  also  give  a  color 
which  is  read  as  cadmium.  If  the  glassware  is  properly  cleaned 
by  repeated  rinsing  with  dilute  nitric  acid  and  distilled  water,  it 
is  possible  to  estimate  quantities  of  cadmium  in  the  0-  to  5- 
microgram  range  with  a  sensitivity  of  ±0.1  microgram,  and  in 
the  0-  to  50-microgram  range  with  a  sensitivity  of  ±  1  microgram. 

The  spectrographic  and  polarographic  methods  are  satis¬ 
factory  from  the  standpoint  of  specificity,  sensitivity,  and  repro¬ 
ducibility  (see  Table  II).  Of  the  two,  the  spectrographic  method 
is  somewhat  the  more  sensitive,  and  no  difficulty  is  encountered 
in  detecting  even  1  microgram  of  cadmium  when  the  residue  of 
the  0.2  N  hydrochloric  acid  extraction  is  taken  up  in  0.5  ml.  of 
the  buffer  salt  solution.  Results  that  are  accurate  within  ±1 
microgram  in  the  range  of  0  to  10  microgram  per  milliliter  buffer 
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Table  II.  Comparison  of  Results  Obtained  with  Spectrographic, 
Polarographic,  and  Colorimetric  Methods 


(Recoveries  of  cadmium  added  to  100-ml.  portions  of  urine) 


-Cadmium  Recovered 


Cadium  Added 
Micrograms 

0 

X 

2 

5 

10 

50 


Spectrographic 

method 


1.0 

2.5 

3.0 

7 

11 

48 


Polarographic 

method 

Micrograms 

2 

3 1 5 
6 . 5 
12 
50 


Colorimetric 

method 


1.2 

2.2 

3.2 

6 

11“ 

48“ 


“  Measured  on  0-50  y  range 


solution,  and  within  5%  when  more  cadmium  is  present,  can  be 
obtained  by  spectrographic  means.  In  the  case  of  the  polaro- 
graph,  it  is  sometimes  difficult  to  measure  accurately  the  diffu¬ 
sion  waves  obtained  when  1  to  3  micrograms  of  cadmium  are 
present  in  3  ml.  of  solution,  although  there  is  no  difficulty  in 
identifying  the  diffusion  wave.  Another  difficulty  occurs  at  high 
recorder  sensitivity  when  traces  of  cadmium  are  to  be  deter¬ 
mined  in  the  presence  of  large  quantities  of  lead.  At  the  highest 
galvanometer  sensitivity,  it  is  possible  to  determine  10  micro¬ 
grams  of  cadmium  in  the  presence  of  a  concentration  of  lead  ten 
times  as  great.  When  lead  is  present  in  a  much  greater  quantity, 
the  galvanometer  sensitivity  is  too  great  to  permit  both  waves  to 
appear  on  the  chart.  In  such  cases,  the  lead  may  be  removed  by 
extraction  from  the  strongly  alkaline  tartrate  solution,  as  de¬ 
scribed  under  “Colorimetric  Method”.  The  cadmium  is  then 
shaken  into  0.2  N  hydrochloric  acid  and  the  polarographic 
estimation  is  repeated.  Large  amounts  of  bismuth  oxychloride 
also  interfere  polarographically,  but  this  interference  may  be 
eliminated  by  filtration  and  re-evaporation  of  the  filtrate  to 
dryness.  The  interference  by  bismuth  oxychloride  may  also  be 
eliminated  by  a  re-extraction  of  the  cadmium  with  dithizone  as 
mentioned  above  for  lead.  Other  metals  such  as  nickel,  cobalt, 
and  zinc  give  diffusion  waves  above  that  of  cadmium  and  con¬ 
sequently  do  not  interfere. 


It  will  be  noted  from  Table  II,  in  which  the  recoveries  by  i 
three  methods  are  compared,  that  cadmium  was  detected  in 
samples  to  which  no  cadmium  had  been  added.  From  some 
the  data  in  Table  I,  it  seemed  likely  that  the  considerable  qu 
tity  of  cadmium  present  in  the  blank  was  due  to  its  presence 
the  reagents.  This  was  proved  by  analysis  of  large  volumes 
sulfuric  and  nitric  acids,  for  it  was  found  that  two  thirds  of  i 
blank  was  due  to  the  10  ml.  of  sulfuric  acid,  and  the_rest  to  i 
approximately  50  ml.  of  nitric  acid  used  in  each  digestion. 

In  the  matter  of  the  choice  of  one  of  these  methods  for  rout 
use,  the  authors  have  found  that  the  polarographic  method  is  i 
most  convenient,  particularly  when  only  occasional  samples  ; 
to  be  run.  The  spectrographic  method,  in  their  opinion,  off 
the  most  rapid  and  economical  means  of  analysis,  if  large  nu 
bers  of  samples  are  to  be  handled  daily.  The  colorimetric  meth 
while  the  most  sensitive,  is  the  most  laborious  and  time-consu 
ing,  but  provides  a  reliable  means  for  determination  of  cadmii 
when  polarographic  or  spectrographic  equipment  is  not  availal 
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Spectrophotometric  Determination  of  Leuco  Crystal  Violel 
after  Oxidation  with  Benzoyl  Peroxide 

WM.  SEAMAN,  A.  R.  NORTON,  J.  T.  WOODS,  and  J.  J.  HUGONET 
Calco  Chemical  Division,  American  Cyanamid  Company,  Bound  Brook,  N.  J. 


A  method  is  reported  for  determining  leuco  crystal  violet  by  oxidiz¬ 
ing  with  benzoyl  peroxide  and  measuring,  by  means  of  the  spectro¬ 
photometer,  the  intensity  of  the  qolor  formed.  The  method  has  a 
precision  represented  by  a  standard  deviation  for  a  single  value  of 
±0.25%  of  the  total  leuco  crystal  violet.  The  effect  of  impurities 
upon  the  accuracy  is  discussed. 

ONE  method  described  in  the  literature  for  the  production  of 
crystal  violet  involves  the  initial  preparation  of  leuco  crystal 
violet,  p,p',p"-methenyltris-(Ar,Ar-dimethylaniline),  followed  by 
oxidation  to  the  finished  product.  The  proper  control  of  the 
oxidation  necessitates  a  knowledge  of  the  content  of  the  leuco 
form.  As  far  as  the  authors  know,  no  method  of  determining  this 
compound  has  been  published;  previous  to  the  development  of 
the  method  reported  here  leuco  crystal  violet  had  been  deter¬ 
mined  merely  by  ascertaining  the  amount  of  material  insoluble  in 
a  solution  which  was  about  neutral  after  the  acid-insoluble  con¬ 
stituents  had  been  removed.  Obviously,  this  method  is  not 


specific  for  the  leuco  crystal  violet,  so  that  it  became  desirable 
find  a  more  satisfactory  method.  Since  the  colorless  leu 
crystal  violet  is  converted  to  the  colored  form  by  oxidation,  t 
possibility  of  utilizing  this  behavior  as  the  basis  of  a  colorimet: 
method  was  considered. 

After  a  consideration  of  oxidants,  benzoyl  peroxide  was  chost 
A  study  was  then  made  of  the  optimum  conditions  of  tempei 
ture,  time,  and  concentration  for  color  formation  with  this  o: 
dant.  The  detailed  method  of  analysis  is  given  below,  follow 
by  a  discussion  of  the  experiments  which  determined  the  com 
tions  of  analysis. 

METHOD  OF  ANALYSIS 

Apparatus.  Most  of  the  color  measurements  were  made  usii 
a  modified  automatically  recording  Hardy  spectrophotomet 
{2,  3,  4).  Calibrated  cells,  approximately  1  cm.  in  length,  we 
used.  This  spectrophotometer  plots  the  spectral  curve  as  log  1< 
1/T  against  a  logarithmic  function  of  the  wave  length,  referred 
as  the  octaval  and  measured  in  constant  resolution  units  (c.r.u 
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n  order  to  facilitate  the  interpretation  of  these  curves,  a  wave- 
igth  scale  in  terms  of  millimicrons  is  shown  at  the  top  of 
lures  1  and  3. 

It  should  be  possible  to  make  the  color  measurements  for  this 
ermination  with  considerable  precision  with  any  one  of 
eral  filter  photometers  now  available  commercially.  With 
3  type  of  instrument,  a  filter  transmitting  in  the  range  525  to 
■  m,u  should  be  used.  The  instrument  must  be  calibrated, 
ag  a  leuco  sample  of  known  purity. 

Ieagents.  Glacial  acetic  acid,  which  must  be  as  free  as 
'  sible  from  turbidity  and  colored  impurities. 

Jenzoyl  peroxide  solution,  0.250  gram  of  c.p.  benzoyl  peroxide, 
solved  and  diluted  to  100  ml.  in  glacial  acetic  acid  in  a  volu- 
tric  flask.  The  solution  may  be  kept  for  a  few  days  in  the 
k  without  obvious  deterioration,  but  must  be  discarded  when 
evelops  a  yellow  color. 

Caution.  Benzoyl  peroxide  must  not  be  ground  nor  exposed  to 
it  because  it  is  said  to  explode  under  those  conditions. 
’reparation  of  Sample  and  Development  of  Color.  The 
i  of  the  sample  taken  for  analysis  depends  upon  the  leuco 
btal  violet  content.  A  sample  of  a  weight  to  contain  0.15  to 
3  gram  of  real  leuco  crystal  violet  is  dissolved  and  diluted  to 
1  ml.  in  a  volumetric  flask  with  glacial  acetic  acid.  A  10-ml. 
[uot  is  again  diluted  to  100  ml.  Ten  milliliters  of  this  dilution, 
resenting  1.5  to  2.3  mg.  of  real  leuco  crystal  violet,  are  trans- 
•ed  to  a  test  tube  (approximately  18  X  i 50  mm.),  and  5  ml.  of 
benzoyl  peroxide  solution  are  added.  The  tube  is  rotated  to 
:  its  contents,  immersed  in  a  briskly  boiling  water  bath  for 
ctly  4.5  minutes  to  develop  the  color,  then  transferred  im- 
liately  to  an  ice  bath  and  shaken  for  about  one  minute  to 
uce  to  about  room  temperature  as  rapidly  as  possible  (to  pre- 
it  overoxidation).  Too  long  cooling  is  avoided  in  order  to  pre- 
it  the  acetic  acid  from  freezing. 

MEASUREMENT  OF  COLOR  INTENSITY  AND  CALCULATIONS. 
3  colored  solution  which  is  formed  is  too  dark  for  direct 
asurement.  Five  milliliters  are  diluted,  immediately  after 
ling,  to  100  ml.  in  a  volumetric  flask  with  glacial  acetic  acid. 


The  color  intensity  of  this  solution  is  measured  within  a  period  of 
not  more  than  one  hour.  The  transmittancy  is  measured  at  263 
c.r.u.  (580  m/j.)  and  the  amount  of  leuco  is  calculated  from  the 
following  equation: 


Leuco  content ( %) 


_ -22,87  logip  T _ 

length  of  cell  (cm.)  X  wt.  of  sample  (grams) 


In  this  equation  T  is  the  transmittancy  expressed  as  a  decimal. 
The  sample  must  be  diluted  as  directed  in  this  paper  for  this  equa¬ 
tion  to  hold.  Figure  1,  the  curve  upon  which  this  equation  is 
based,  was  obtained  with  a  0.2000-gram  sample  of  purified  leuco 
crystal  violet  after  indicated  dilutions. 


COLOR  REACTION 

Choice  of  Oxidant.  In  choosing  the  proper  oxidant,  at  least 
three  criteria  had  to  be  kept  in  mind.  (1)  For  manipulative  con¬ 
venience,  as  well,  possibly,  as  for  speed  of  oxidation  and  ease  of 
controlling  the  course  of  the  oxidation,  it  seemed  desirable  not  to 
use  insoluble  oxidants  such  as  lead  peroxide,  which  is  a  type  of 
oxidant  actually  used  for  this  reaction.  (2)  To  avoid  interfer¬ 
ence  with  the  colorimetric  determination,  colored  oxidants  such 
as  permanganate  or  dichromate  should  be  avoided.  (3)  The 
oxidant  should  not  be  too  vigorous,  since  there  was  danger  of 
overoxidation  leading  to  destruction  of  some  of  the  colored 
product.  Hydrogen  peroxide  was  first  suggested,  but  it  was 
anticipated  that  this  reagent  might  be  too  vigorous  and  lead  to 
destruction  of  color.  Ellinger  and  Landsberger  ( 1 )  found  during 
a  study  of  the  role  of  catalysis  in  biochemical  oxidation  that 
crystal  violet  could  be  decolorized  by  hydrogen  peroxide  in  the 
presence  of  a  number  of  catalysts.  Experiment  confirmed  this 
suspicion;  it  was  impossible  to  get  uniform  color  development 
with  hydrogen  peroxide  in  various  concentrations  and  with 
various  degrees  of  heating.  In  fact,  the  color  produced  always 
faded  rapidly  and  often  was  completely  destroyed  to  yield  a 
colorless  solution. 

Benzoyl  peroxide  was  then  studied.  This  reagent  seems  to  be  a 
less  vigorous  oxidant  than  hydrogen  peroxide;  it  is  colorless ;  and 
it  is  soluble  in  glacial  acetic  acid,  in  which  both  leuco  crystal 
violet  and  crystal  violet  itself  are  also  soluble.  Furthermore, 
even  under  extreme  conditions  of  time  and  temperature,  benzoyl 
peroxide  did  not  cause  sufficient  overoxidation  to  destroy  the 
color  completely;  at  most,  a  brownish-red  coloration  was  pro¬ 
duced  by  some  breakdown  of  the  desired  blue  color. 

Optimum  Conditions  for  Oxidation.  A  study  of  optimum 
conditions  for  using  this  oxidant  showed  that  by  proper  adjust¬ 
ment  of  the  concentrations  and  relative  proportions  of  reductant 
and  oxidant,  the  time  of  reaction,  and  the  temperature,  a  well- 
controlled  oxidation  to  the  violet  color  could  be  achieved. 

A  satisfactory  heating  time  is  one  which  causes  a  maximum 
development. of  color  with  the  least  possible  decomposition  of  the 
oxidized  form.  This,  of  course,  varies  with  the  temperature. 
All  work  was  done  in  a  boiling  water  bath.  In  attempting  to 
establish  the  optimum  time  some  determinations  were  made  with 
heating  times  varying  from  3  to  11  minutes,  and  all  other  condi¬ 
tions  unchanged.  The  intensity  (absorption  peak)  of  the  purple 
color  increased  to  a  maximum,  then  decreased  with  longer  heating 
periods.  This  effect  is  shown  in  curves  1,  2,  and  3  of  Figure  2, 
curve  1  illustrating  the  oxidation  of  purified  leuco,  and  curves  2 
and  3  illustrating  the  oxidation  of  two  commercial  samples. 
Curves  representing  samples  heated  for  different  lengths  of  time 
showTed  another  and  somewhat  different  effect  in  the  blue  region 
of  the  spectrum  (Figure  3).  The  intensity  of  absorption  in  this 
region  increased  with  the  time  of  heating  even  after  the  intensity 
at  the  absorption  peak  had  actually  passed  its  maximum.  This 
effect  is  probably  due  to  some  decomposition  of  the  oxidized  form. 

The  concentration  of  benzoyl  peroxide  and  sample  size  are 
closely  related,  since  their  relative  proportions  affect  the  rate  of 
oxidation.  Curve  1  of  Figure  2  shows  the  analysis  of  purified 
leuco  using  12.5  mg.  of  benzoyl  peroxide  (as  described  in  the 
method),  curve  4  half  that  amount,  and  curve  5  twice  that 
amount.  The  12.5  mg.  of  benzoyl  peroxide  were  selected  as  the 
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Figure  2.  Effect  of  Time  of  Heating  and  Concentration  of  Benzoyl  Peroxide 
1,4,5.  Recrystallized  samples 
2,  3.  Commercial  samples 

1, 2,  3.  12.5  mg.  of  benzoyl  peroxide  per  15  ml. 

4.  6.25  mg.  of  benzoyl  peroxide  per  15  ml. 

5.  25.0  mg.  of  benzoyl  peroxide  per  15  ml. 


optimum  concentration  (for  2  mg.  of  Icuco)  because  the  lower 
concentration  failed  to  give  sufficient  color  development  while  the 
higher  concentration,  although  giving  a  similar  maximum  color, 
required  too  close  an  adjustment  of  the  heating  period  with  the 
possibility  of  missing  the  optimum  time. 

Cutting  down  the  sample  size  has  an  effect  similar  to  increasing 
the  benzoyl  peroxide  concentration.  The  sample  size  must  be 
adjusted  to  contain  about  2  mg.  of  real  leuco  in  order  to  maintain 
approximately  the  same  peroxide-leuco  ratio  used  and  found  to 
be  optimum  for  the  standard.  Various  weights  of  a  commercial 
sample  which  had  less  than  50%  of  leuco  was  analyzed.  The 
values  found  varied  with  the  sample  size  as  follows: 

Sample  Size,  mg.  Leuco  Found  in  Sample,  % 


sample  the  six  values  had  a  ran 
from  99.8  to  100.5%  with 
arithmetic  mean  of  100.0%.  T 
precision  is  as  good  as  can  be  e 
pected  from  the  maximum  possil 
sensitivity  in  reading  the  curves 
The  accuracy  of  the  method 
dependent  both  upon  the  purity 
the  leuco  crystal  violet  used  as  t 
standard  and  upon  the  types 
impurities  present.  The  standa 
used  in  this  work  had  been  recrj 
tallized  from  ethanol  to  a  consta 
melting  point  of  176.6-177.6° 
(corrected).  It  was  checked  furth 
by  analyzing  it  by  the  meth< 
given,  together  with  some  of  tl 
previous  crystallization  and  son 
of  the  subsequent  crystallizatio 
The  standard  had  a  value  of  100.0  ( 
a  previous  crystallization  Wi 
98.5%,  and  the  subsequent  oi 
was  99.5%.  From  this  it  was  co: 
eluded  that  the  standard  had  reached  a  maximum  purity. 

The  second  factor  which  would  affect  the  accuracy  would  1 
the  pre-ence  of  impurities  which  might  themselves,  or  as  oxid 
tion  products,  have  an  absorption  at  263  c.r.u.  (580  mp).  Tl 
type  of  impurities  would  probably  depend  upon  the  particul; 
process  used  for  making  the  leuco  and  upon  the  impurities  in  tl 
raw  materials,  so  that  their  effects  would  have  to  be  studie 
separately  for  any  given  type  of  sample.  In  the  samples  wit 
which  the  authors  worked  there  seemed  to  be  two  general  classt 
of  impurities — one  which  absorbed  in  the  region  of  210  to  24 
c.r.u.  (400  to  450  npz),  which  would  not  interfere  with  the  methoc 
and  another  class  which  absorbed  in  the  same  spectral  region  a 
the  oxidized  leuco  crystal  violet,  the  peak  of  the  absorption  ban 
being  about  265  c.r.u.  (588  m/z)  against  263  c.r.u.  (580  npz)  fc 
the  pure  leuco  crystal  violet.  This  material  was  not  isolated  i 


Characteristics  and  Stability  of  Color.  The  color  ob¬ 
tained  conforms  to  Beer’s  law  over  the  range  50  to  100%  in 
strength  at  the  maximum  of  the  absorption  band.  Below  50% 
strength,  there  is  a  small  negative  deviation,  which  at  25% 
strength  amounts  to  about  4%  of  the  leuco  present.  This 
deviation  would  not  affect  an  actual  analysis,  however,  since  the 
size  of  the  sample  is  adjusted  so  that  about  2  mg.  of  the  leuco 
crystal  violet  are  oxidized. 

On  aging,  the  solution  gradually  becomes  weaker  at  a  rate  of 
about  0.5%  strength  per  hour,  so  that  the  spectral  curve  should 
be  determined  within  one  hour  after  the  preparation  of  the  solu¬ 
tion. 

The  color  obtained  is  not  affected  by  irradiation.  Exposure  of 
the  solution  for  3  minutes  at  a  distance  of  1  inch  from  a  100-watt 
electric  light  bulb  does  not  affect  the  curve  in  any  way. 

The  temperature  at  which  the  color  is  measured  does  not  affect 
the  strength  obtained  to  an  extent  greater  than  that  which  may 
be  accounted  for  by  the  thermal  expansion  of  the  solvent.  No 
effect  was  obtained  for  the  range  in  temperature  (25°  to  31°  C.) 
in  which  the  color  measurements  were  made. 

PRECISION  AND  ACCURACY 

From  twelve  separate  complete  determinations  including  all 
the  steps  of  the  method  (six  determinations  on  each  of  two 
samples),  a  value  for  the  standard  deviation  of  a  single  value 
from  the  mean  was  calculated  as  ±0.25  part  per  100  of  leuco 
crystal  violet.  For  one  sample  six  values  had  a  range  from 
84.5  to  85.2%  with  an  arithmetic  mean  of  84.9%;  for  the  other 


Figure  3.  Variation  of  Transmission  Curves  with  Variation  in 

Heating  Time 

Octaval  (c.r.u.)  —  332  log  X  (m m)  =  655 

A.  3  minutes  C.  5  minutes 

B.  4  minutes  D,  7  minutes 

E.  11  minutes 
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e  pure  state,  so  that  actually  the  two  peaks  may  be  separated 
mewhat  more  than  this.  In  order  to  correct  the  results  for  the 
esence  of  this  impurity,  it  would  have  to  be  isolated  in  the  pure 
rm  and  treated  in  the  same  manner  as  the  sample.  Using  the 
rve  for  this  material,  a  two-component  analysis  could  be  set  up 
the  usual  way. 

The  authors  did  not  carry  the  investigation  to  the  point  of 
dating  and  studying  the  interfering  impurities,  because  the 
rpose  for  which  the  method  was  needed  did  not  necessitate  do- 
l  that  work.  Even  without  that  information,  the  method 
irked  a  considerable  advance  over  that  previously  used.  The 
lues  found  by  the  new  method  were  always  lower  than  by  the 
1  one. 

Crystal  violet  itself  is  included  in  the  value  reported  for  leuco 


crystal  violet,  but  its  presence  can  be  corrected  for  after  deter¬ 
mining  crystal  violet  separately  without  oxidation. 
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ntavalent  arsenic  may  be  distilled  from  a  sulfuric  acid  solution 
thout  reduction  by  the  addition  of  potassium  bromide.  The 
tillate  contains  all  the  arsenic  in  pentavalent  form  suitable  for  the 
mediate  development  of  color  with  ammonium  molybdate  and 
drazine  sulfate.  This  greatly  simplifies  the  determination  of 
enic  by  colorimetric  means.  The  procedure  is  given  for  the 
termination  of  arsenic  in  biological  material  in  the  range  of  1  to 
0  micrograms.  Preliminary  ashing  is  done  in  the  usual  manner 
ch  sulfuric  and  nitric  acids.  A  special  still  is  used  for  the  distilla- 
n  to  give  a  small  volume  of  distillate  in  which  the  molybdenum 
te  color  is  developed  by  adding  the  color  reagents  directly  to  the 
tillate.  Antimony  does  not  interfere.  Large  amounts  of  phos- 
orus  may  interfere,  but  can  be  removed  by  special  treatment. 

METHODS  for  the  determination  of  arsenic  have  depended 
f  I  on  separation  of  the  arsenic  from  other  metals,  either  by 
j  evolution  of  arsine  or  by  the  distillation  of  the  arsenic  as  the 
chloride.  The  most  satisfactory  colorimetric  determina- 
ns  of  small  amounts  of  arsenic  have  depended  on  the  forma- 
n  of  molybdenum  blue,  a  procedure  which  has  been  used  by  a 
ge  number  of  workers  (1-5)  .  For  this  colorimetric  procedure 
p  arsenic  must  be  present  in  pentavalent  form,  and  it  is 
cessary  to  treat  the  separated  arsenic  with  some  oxidizing 
;nt.  Nitric  acid  has  been  most  commonly  used,  but  this 
?  had  several  disadvantages.  Since  the  nitrate  ion  interferes 
;h  the  color  reaction,  all  traces  of  the  nitric  acid  must  be 
noved  by  heating;  this  must  be  carefully  controlled  to  prevent 
ses  of  arsenic.  In  addition,  considerable  time  is  lost  in  this 
p  when  large  numbers  of  arsenic  determinations  are  done. 
The  method  described  here  is  based  on  the  finding  that  penta- 
lent  arsenic  may  be  distilled  as  such  to  give  a  distillate  which 
itains  the  arsenic  in  pentavalent  form,  without  the  use  of 
dizing  agents.  Under  these  conditions  the  molybdenum  blue 
or  may  be  developed  directly  on  the  distillate  without  further 
atment.  This  modification  has  given  more  reliable  and  con¬ 
sent  results  than  could  be  obtained  by  the  method  previously 
scribed  (Chaney  and  Magnuson,  1),  and  is  more  rapid  than 
ier  published  methods.  Twenty  to  thirty  determinations 
\  be  done  each  day  with  no  difficulty.  The  method  is  most 
■ful  in  the  range  of  1  to  100  micrograms  of  arsenic.  While  it  has 
■n  used  for  the  determination  of  arsenic  in  biological  ma- 
ials,  it  could  be  adapted  to  other  uses. 

CHEMICALS 

\11  chemicals  should  be  of  the  best  reagent  grade.  The  reagent 
ide  of  sulfuric  acid  (Merck)  has  been  found  more  satisfactory 


than  some  lots  of  special  arsenic-free  grades.  Sulfuric  acid, 
concentrated.  Nitric  acid,  concentrated.  Perchloric  acid,  60% 
Potassium  bromide.  Ammonium  molybdate.  Hydrazine  sulfate. 

REAGENTS 

In  working  with  small  amounts  of  arsenic  the  authors  have 
made  up  reagents  fresh  daily  to  avoid  contamination  and  pos¬ 
sible  decomposition.  They  have  not  determined  the  keeping 
qualities  of  these  reagents. 

Potassium  bromide,  30%  solution  in  distilled  water. 

Molybdate  color  reagent.  Add  10  cc.  of  concentrated  sulfuric 
acid  to  40  cc.  of  distilled  water,  cool,  add  1.0  gram  of  ammonium 
molybdate,  and  dilute  to  100  cc. 

Hydrazine  sulfate,  0.05%  solution  in  distilled  water. 

Standard  pentavalent  arsenic  solution.  Dissolve  1.5  grams 
of  arsenic  pentoxide  in  100  cc.  of  N  sodium  hydroxide,  add  600 
cc.  of  distilled  water,  neutralize  with  100  cc.  of  N  hydrochloric 
acid,  and  dilute  to  1000  cc.  Place  three  25-ec.  aliquots  in  glass- 
stoppered  flasks  and  add  25  cc.  of  concentrated  hydrochloric 
acid  and  50  cc.  of  10%  potassium  iodide  to  each.  Make  simul¬ 
taneous  blank  determinations  in 
triplicate.  Alow  the  flasks  to 
stand  in  the  dark  for  2  hours, 
then  titrate  the  free  iodine  with 
0.1  N  sodium  thiosulfate.  One 
cubic  centimeter  of  0.1  N  sodium 
thiosulfate  is  equivalent  to  3.75 
mg.  of  arsenic. 

Make  appropriate  dilutions 
from  the  stock  solution  to  give 
10  and  50  micrograms  of  arsenic 
per  cc.  This  pentavalent  arsenic 
solution  remains  unchanged  for 
months. 


APPARATUS 

Round-bottomed  two-necked, 
distilling  flasks  of  250-cc.  capacity, 
with  24/40  Y  center  joint  and 
19/38  Y  side  joint. 

Dropping  funnel,  19/38  Y  joint 
to  fit  250-cc.  distilling  flask. 

Graham  reflux  condenser,  coil- 
type,  200  mm.  in  length  with 
24/40  Y  joint  at  either  end. 

Special  still,  now  available  com¬ 
mercially  from  the  Scientific  Glass 
Apparatus  Co.,  Catalog  No.  M- 
1586  (Figure  1). 

Heater,  350-watt  Cenco  hot 
cone.  Hot  plate.  Photoelectric 
colorimeter.  Test  tubes  gradu¬ 
ated  at  25  or  35  cc.  Erlenmeyer 
flasks. 


Figure  1.  Diagram  of  Dis¬ 
tilling  Apparatus 
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Table  I.  Recoveries  from  Reagents 


Arsenic  Added 
Micrograms 

0 

1 

2 

3 

4 

5 

6 
8 

10 

20 

30 

40 

50 


Arsenic  Found 
Micrograms 

0,  0,  0,  0.1,  0.1 

1.1,  1.1 

2.1,  2.2,  2.0,  2.1 

3.2,  3  2,  2.9,  2.8 

3.9,  3.9,  4.0 
5.0,  4.9,  5.0,  5.0 

6.1,  6.2 

8.1 

9.9,  9.9 

19.9,  19.6 
29.6,  29.6 
39.0, 38.4 
49.3,  49.8 


Maximum  Error 

% 

10 

10 

7 

3 

2 

3 
1 
1 
2 
1 

4 
1 


PROCEDURE 

The  sample  is  digested  in  Erlenmeyer  flasks,  using  5  cc.  of 
sulfuric  acid  and  excess  nitric  acid  as  recommended  by  Morris 
and  Calvery  (4).  Care  should  be  taken  to  maintain  an  excess 
of  nitric  acid  until  all  organic  matter  is  destroyed.  A  few  drops 
of  perchloric  acid  will  speed  the  final  stages  of  the  digestion. 
When  the  digest  is  colorless  and  has  cooled,  it  is  transferred  to 
a  two-necked  distilling  flask  using  two  or  three  5-cc.  quantities 
of  \vater  as  a  wash.  The  solution  is  then  heated  on  the  hot 
cone  heater  until  strong  fumes  of  sulfuric  acid  appear,  in  order 
to  remove  traces  of  nitric  acid. 

Distillation.  Five  cubic  centimeters  of  water  are  added 
to  the  cooled  sulfuric  acid  digest,  and  2  cc.  of  30%  potassium 
bromide  are  put  in  the  dropping  funnel  (a,  Figure  1),  which  is 
then  connected  to  the  outer  neck  of  the  distilling  flask.  The 
distilling  head  is  connected  to  the  center  neck  and  the  flask  placed 
on  the  already  hot  Hot  Cone  heater.  The  flask  should  rest  on  the 
largest  removable  ring  of  the  heater.  When  boiling  has  started 
and  steam  has  begun  to  condense  in  the  trap,  b,  3  cc.  of  distilled 
water  are  added  through  the  top  of  the  still,  and  the  condenser 
is  put  in  place  so  that  the  condensed  vapor  will  drip  down  the 
capillary  tube,  c.  The  potassium  bromide  is  now  blown  in 
through  the  dropping  funnel  followed  by  2  cc.  of  water  as  a 
wash.  The  distillation  is  continued  for  4  minutes  from  the  time 
the  potassium  bromide  is  blown  in;  then  the  still  is  disconnected 
from  the  flask  and  condenser  and  the  distillate  poured  out 
through  the  top  of  the  still  into  the  test  tube  in  which  the 
color  is  to  be  developed.  The  trap  is  rinsed  two  or  three  times 
with  2  cc.  of  water  and  these  rinses  are  added  to  the  tube.  The 
still  itself  is  rinsed  thoroughly  with  distilled  water,  and  is  ready  for 
use  again.  No  further  cleaning  is  necessary. 

Color  Development.  The  amount  of  solution  in  the  color 
tubes  following  the  rinses  will  be  from  15  to  20  cc.  To  this 
are  then  added  2  cc.  of  the  molybdate  solution  followed  by  2  cc.  of 
the  hydrazine  sulfate.  Thorough  mixing  is  essential.  These 
solutions  should  be  added  directly  to  the  distillate  and  not 
allowed  to  run  down  the  sides  of  the  tube.  The  tube  is  now 
heated  for  10  minutes  in  a  water  bath  at  90°  to  100°  C.,  cooled 
in  cold  water,  brought  to  a  25-  or  35-cc.  volume,  and  read  in  a 
photoelectric  colorimeter.  The  volume  of  the  final  dilution 
will  depend  upon  the  type  of  photoelectric  colorimeter  used. 
For  the  present  work  the  authors  have  been  using  a  Klett- 
Summerson  instrument  employing  a  cell  measuring  2X4X8 
cm.  The  4-cm.  length  is  used  for  values  up  to  50  micrograms 
of  arsenic  and  the  2-cm.  length  for  higher  values.  For  this 
cell  the  authors  have  used  a  final  volume  of  35  cc.  The  light 
filter  to  be  used  depends  to  some  degree  upon  the  type  of  colorfm- 
eter.  With  the  Klett  a  690-millicron  filter  has  been  employed. 
Where  other  types  of  photocells  are  available,  filters  of  longer 
wave  lengths  may  be  employed.  According  to  Sultzaberger 
(&),  the  maximum  absorption  of  the  compound  is  at  840  milli¬ 
microns. 

In  setting  up  undistilled  standards  of  pentavalent  arsenic 
for  color  development,  3  cc.  of  normal  hydrochloric  acid  should 
be  added  to  allow  for  the  amount  of  acid  distilled  over  in  the 
unknowns. 


TESTS  OF  THE  METHOD 

Shown  in  Table  I  are  recoveries  of  arsenic  added  to  reagents. 
The  arsenic  was  added  in  pentavalent  form  to  sulfuric  acid  and 
then  distilled.  The  reference  curve  was  made  by  developing 
the  color  directly  on  the  pentavalent  arsenic  solutions.  In  set¬ 
ting  up  these  standard  curves  3  cc.  of  N  hydrochloric  acid  were 
added  to  the  solution  in  the  color  tube  before  the  molybdate 


was  added.  With  1  to  3  micrograms  of  arsenic  the  recoveri 
were  within  10%  of  the  true  values,  and  above  this  level  j 
recoveries  were  within  5%.  Blank  values  which  range  from 
to  0.2  microgram  were  subtracted  from  the  recoveries  in  ea< 
instance. 

In  Table  II  are  shown  recoveries  of  arsenic  from  whole  bloo 
Known  amounts  of  arsenic  were  added  to  5  cc.  of  whole  bloo' 
digested,  and  distilled.  Blank  values  were  subtracted  from  tl 
recoveries.  Recoveries  at  the  1-microgram  level  were  with 
10%,  and  above  this  level  were  within  5%. 

DISCUSSION 

In  the  course  of  developing  the  method,  the  interesting  Andie 
has  been  made  that,  contrary  to  general  belief,  pentavalent  a 
senic  can  be  distilled  from  a  mixture  of  sulfuric  acid  and  pota 
sium  bromide  and  that  the  distillate  contains  the  arsenic  i 
pentavalent  form.  This  has  been  shown  in  two  different  way 
First,  the  arsenomolybdate  color  does  not  develop  unless  tb 
arsenic  is  present  in  pentavalent  form.  In  the  distillates  s 
obtained  by  the  method  here  described,  the  color  develops  wit! 
out  any  preliminary  oxidation  of  the  arsenic. 


Table  II.  Recoveries  from  Whole  Blood 


Arsenic  Added 

Arsenic  Found 

Maximum 

M  icrograms 

Micrograms 

% 

0 

0.3,  0.3 

1 

1.1,  1.1 

io 

5 

5.0,  5.0,  5.0,  5.1,  5.1,  5.0 

2 

10 

10. 1,  9.5,  9.7,  9.5 

5 

20 

19.7,  19.3,  20.0,  19.8 

4 

40 

40.0 

0 

50 

50.2,  50.2,  49.8,  49.8 

1 

100 

100,  102 

2 

In  the  second  place,  arsenic  in  the  distillate  does  not  titrat 
as  trivalent  arsenic  with  iodine,  but  does  titrate  as  pentavalen 
arsenic  with  iodide.  Distillates  containing  1-  to  5-mg.  quantise 
of  arsenic  were  obtained  by  pooling  a  number  of  distillates  froi 
the  microstill.  A  number  of  distillations  were  also  done  usin 
a  round-bottomed  flask  connected  to  a  Fresenius  flask  by  a  glas 
tube.  Water  was  used  in  the  Fresenius  flask  to  catch  the  dis 
tillate.  Using  either  method  of  distillation  it  was  found  that  i 
pentavalent  arsenic  were  added  to  the  sulfuric  acid  before  die 
tilling,  no  trivalent  arsenic  could  be  recovered  in  the  distillate 
and  95  to  100%  could  be  titrated  as  pentavalent  arsenic. 

When  the  arsenic  was  added  to  the  sulfuric  acid  in  trivalen 
form  before  distillation,  23  to  30%  could  be  titrated  in  the  dis 
tillate  as  trivalent  arsenic  and  the  remainder  as  pentavalen 
arsenic. 

Titration  of  Trivalent  Arsenic  ( 6 ).  The  distillate  wa 
titrated  with  0.01  N  iodine  in  the  presence  of  excess  sodiur 
bicarbonate.  A  blank  was  run  simultaneously. 

Titration  of  Pentavalent  Arsenic  ( 6 ).  Concentrate! 
hydrochloric  acid  was  added  to  the  solution  to  give  a  fina 
concentration  of  approximately  6  N,  and  5  cc.  of  10%  potassiun 
iodide  were  then  added.  At  the  end  of  2  hours  the  free  iodin 
was  titrated  with  0.01  N  sodium  thiosulfate.  Blanks  were  rui 
at  the  same  time  and  subtracted  from  the  final  readings. 

The  authors  have  not  identified  the  form  in  which  the  arseni 
is  distilled  in  the  present  method.  Since  the  arsenic  is  presen 
in  the  digest  and  in  the  distillate  in  pentavalent  form,  it  is  prob 
ably  distilled  in  the  form  of  an  unstable  arsenic  pentabromidi 
which  decomposes  on  passing  through  the  water  in  the  trap. 

The  authors  have  used  various  types  of  simple  distillatioi 
apparatus  for  determining  50-microgram  quantities  of  arsenic 
but  recoveries  have  in  no  case  been  comparable  to  those  ob 
tained  with  the  microstill.  For  large  quantities  of  arsenic  th< 
microstill  was  not  necessary. 
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The  Reagent  Blank.  Certain  lots  of  sulfuric  acid  have 
ren  difficulty  with  a  reagent  blank  which  is  apparently  not 
e  to  arsenic  and  is  of  significance  only  on  determinations  below 
micrograms.  With  such  lots  the  blank  is  irregular,  and 
ioveries  below  3  micrograms  are  correspondingly  erratic, 
iwever,  recoveries  above  this  level  are  perfectly  regular,  and 
re  no  indication  of  the  presence  of  the  blank.  Furthermore, 
to  such  distilled  blanks  one  adds  pentavalent  arsenic  in  excess 
3  micrograms,  color  develops  only  in  an  amount  proportional 
the  added  arsenic,  and  the  interfering  blank  is  not  observed, 
le  authors  have  been  unable  to  identify  this  interfering  sub- 
mce,  which  is  found  only  in  certain  lots  of  sulfuric  acid.  The 
ist  satisfactory  sulfuric  acid  has  been  the  regular  reagent 
ide  rather  than  some  of  the  “arsenic-free”  grades. 

A  “pseudo  blank”  may  also  appear  if  the  molybdate  solution 
added  down  the  sides  of  the  test  tube  rather  than  directly  to 
j  distillate ;  the  molybdate  may  decompose  on  the  sides  of  the 
t  tube  and  result  in  a  blue  color. 

Interfering  Substances.  During  the  distillation  process 
mplete  separation  from  phosphorus  is  accomplished  except 
•  a  mechanical  carry-over  of  approximately  1  part  in  100,000. 
ius,  if  one  adds  0.1  gram  of  phosphate  to  the  digest,  about  1 
crogram  will  appear  in  the  distillate.  The  importance  of  this 
osphorus  interference  will  obviously  depend  on  the  relative 
lounts  of  phosphorus  and  arsenic  in  the  digest.  In  most  biologic 
irk  it  becomes  important  only  when  large  amounts  of  urine,  or 
jcimens  of  nervous  tissue  or  bone  are  to  be  analyzed.  In  such 
ses,  phosphorus  interference  may  be  eliminated  by  pouring  first 
stillate  into  a  second  distilling  flask,  adding  2  to  3  cc.  of  con- 
ltrated  nitric  acid  and  5  cc.  of  concentrated  sulfuric  acid, 
dng  down  to  strong  fumes  of  sulfuric  acid,  then  redistilling. 
Antimony  does  not  interfere  with  the  determination. 


Rate  of  Distillation  and  Limits  of  Acid  Tolerance. 
The  rate  of  distillation  of  the  arsenic  under  the  heating  con¬ 
ditions  described  depends  upon  the  amounts  of  sulfuric  acid 
and  water  present.  The  4-minute  distillation  time  will  allow 
complete  recovery  of  the  arsenic  unless  the  loss  in  sulfuric  acid 
volume  during  digestion  has  been  more  than  40%. 

The  amount  of  hydrobromic  acid  distilled  in  the  4-minute 
period  varies  between  2.5  and  4.0  milliequivalents.  Using  the 
color  solutions  as  described  there  is  no  significant  difference  in 
the  color  intensity  in  the  range  between  1.0  and  5.0  milliequiva¬ 
lents.  There  is  thus  an  adequate  margin  of  safety  with  respect 
to  acidity. 

SUMMARY 

A  rapid  method  for  the  determination  of  small  amounts 
of  arsenic  in  biological  material  is  described  in  which  the  arsenic 
distillate  is  obtained  in  pentavalent  form.  This  distillate 
can  be  used  without  further  treatment  for  the  final  colorimetric 
determination  with  ammonium  molybdate.  The  method 
is  rapid,  and  has  given  results  comparable  in  accuracy  to  other 
published  methods  for  microdetermination  of  arsenic. 
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Determination  of  Nitric  Oxide  Using  Solid  Reagents 

D.  J.  Le  ROY  AND  E.  W.  R.  STEACIE,  National  Research  Laboratories,  Ottawa,  Canada 


MITH  and  Leighton  (-5)  have  described  a  micromethod  for 
the  determination  of  nitric  oxide  in  mixtures  of  hydrogen  or 
rogen  which  consists  in  a  modification  of  the  macromethod  of 
udisch  and  Klinger  (1).  Their  procedure  is  based  on  the  oxi- 
tion  of  nitric  oxide  by  the  addition  of  oxygen  and  the  rapid 
sorption  of  the  resulting  oxides  of  nitrogen  by  a  moist  potassium 
droxide  bead.  The  method  is  indirect,  because  the  amount  of 
fgen  required  is  variable  and  consequently  the  amount  of 
drogen  or  nitrogen  in  the  original  mixture  must  be  calculated 
analyzing  for  residual  hydrogen  after  removing  all  the  re¬ 
ining  oxygen  by  combustion  with  an  excess  of  hydrogen  (a 
own  volume  of  hydrogen  being  added  if  necessary).  A  further 
advantage  is  the  possibility  of  contaminating  the  mercury  sur- 
e  through  the  presence  of  the  oxides  of  nitrogen. 

The  present  method  is  an  adaptation  of  that  of  Divers  (3),  who 
ind  that  alkaline  sodium  sulfite  solution  readily  absorbed 
ric  oxide  with  the  formation  of  sodium  hyponitrososulfate. 
rther  work  by  Moser  and  Herzner  (4)  showed  that  the  reagent 
s  superior  to  ferrous  sulfate  in  its  capacity  for  absorbing  nitric 
de  but  the  rate  of  absorption  was  somewhat  less. 

A  pellet  of  potassium  hydroxide  is  ground  n  a  mortar  and 
lium  sulfite  crystals  (Na2S03.7H20)  are  added  till  a  thick 
3te  is  formed.  No  water  is  required,  as  the  m;xture  becomes 
•ist.  The  paste  is  then  formed  into  a  bead  on  a  platinum  loop 
d  if  sufficient  sodium  sulfite  has  been  added  very  little  drying 
lecessary.  If  the  bead  is  thoroughly  dried  no  absorption  takes 
ice,  but  aside  from  this  the  moisture  content  does  not  appear 
be  critical.  When  placed  in  the  gas  containing  nitric  oxide 
sorption  is  complete  in  5  to  10  minutes. 

Table  I  is  indicative  of  the  accuracy  obtainable  by  this  method, 
ng  the  Blacet-Leighton  apparatus  (3). 


Table  I.  Determination  of  Nitric  Oxide 

Nitric  Oxide 


Determination 

Volume  of  Sample 

Theoretical  Determined 

Difference 

Cu.  mm. 

% 

% 

% 

Nitric  oxide-hydrogen  mixtures 

i 

41.68 

0.0 

0.2 

-0.2 

2 

47.17 

13.4 

13.5 

-0.1 

3 

51.32 

21.6 

1.4 

0.2 

4 

65.11 

38.4 

38.6 

-0.2 

5 

81.18 

50.2 

50.0 

0.2 

6 

60.83 

66.6 

66.2 

0.4 

7 

49.12 

80.4 

80.0 

0.4 

Av.  0.3 

Nitric  oxide-ethylene  mixtures 

1 

41.97 

0.0 

0.2 

-0.2 

2 

45.79 

8.8 

8.4 

0.4 

3 

51.81 

19.4 

19.0 

0.4 

4 

64.73 

35.4 

35.0 

0.4 

5 

83.56 

49.8 

49.7 

0.1 

6 

62.85 

65.8 

65.0 

0.8 

Av.  0.4 

In  contrast  to  the  method  of  Smith  and  Leighton,  the  present 
method  can  be  used  in  the  presence  of  combustible  gases  other 
than  hydrogen,  and  very  satisfactory  results  have  been  obtained 
in  the  presence  of  acetylene  as  well  as  ethylene  and  hydrogen. 
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Colorimetric  Determination  of  Traces  of  Osmium 

E.  B.  SANDELL,  University  of  Minnesota,  Minneapolis,  Minn. 


THE  work  here  described  was  undertaken  to  develop  a 
colorimetric  method  for  determining  minute  amounts  of 
osmium  after  volatilization  as  the  tetroxide,  with  special  reference 
to  the  determination  of  the  element  in  meteoric  iron.  Gold¬ 
schmidt  and  Peters  ( 3 )  and  I.  and  W.  Noddack  U)  have  de¬ 
termined  the  abundance  of  the  platinum  metals  in  meteorites  by 
spectrographic  methods.  From  these  studies  it  appears  that  the 
average  osmium  content  of  the  nickel-iron  phase  of  meteorites  lies 
somewhere  in  the  range  3  to  10  parts  per  million.  This  order  of 
magnitude  is  such  that 
osmium  can  be  deter¬ 
mined  successfully 
colorimetrically  by 
making  use  of  the 
sensitive  thiourea  re¬ 
action  discovered  by 
Chugaev  ( 1 ),  after  iso¬ 
lation  of  the  tetroxide 
by  distillation  from  a 
1-  to  2-gram  sample. 

The  procedure  ordi¬ 
narily  used  for  the  dis¬ 
tillation  of  decigram 
(2)  and  milligram- 
centigram  (6)  quanti¬ 
ties  of  osmium  te¬ 
troxide  involves 
passage  of  a  stream  of 
air  through  the  boiling 
nitric  acid  solution  and 
absorption  of  the 
tetroxide  in  several  re¬ 
ceivers  of  dilute  hy¬ 
drochloric  acid  satu¬ 
rated  with  sulfur 
dioxide;  the  solution  is 
then  evaporated  with 
hydrochloric  acid  and 
osmium  precipitated 
hydrolytically  as  the 
hydrous  dioxide. 

This  procedure  has  been  modified  for  the  present  purpose. 
Distillation  is  made  by  boiling  without  passage  of  air  through  the 
solution.  Hydrochloric-sulfurous  acid  is  retained  as  the  absorb¬ 
ing  solution,  but  the  latter  is  not  evaporated  after  the  distillation, 
because  this  results  in  serious  losses  of  osmium.  The  osmium 
in  the  hydrochloric  acid-sulfur  dioxide  solution  reacts  readily 
with  thiourea  to  form  the  red  complex,  which  is  stated  (1 )  to  have 
the  composition  [Os(NH2CSNH2)6]  Cl3 .  il20  in  the  solid  state. 
Since  concentration  of  the  absorbing  solution  by  evaporation 
after  the  distillation  is  not  admissible,  the  volume  of  the  distil¬ 
late  must  be  kept  as  small  as  possible  to  avoid  undue  loss  in 
sensitivity.  Fortunately,  osmium  tetroxide  is  readily  volatilized, 
so  that  boiling  off  one  fifth  of  the  original  solution  gives  a  quanti¬ 
tative  expulsion  of  small  amounts  of  osmium.  In  one  experiment, 
140  ml.  of  solution  containing  12  micrograms  of  osmium  were 
distilled  according  to  the  procedure  described  below,  and  it  was 
found  that  approximately  70%  of  the  osmium  was  present  in  the 
first  10  ml.  of  distillate  collected  and  30%  in  the  second  10-ml. 
portion;  no  osmium  was  detectable  in  the  third  10  ml.  of  distil¬ 
late.  Usually  the  solution  to  be  distilled  need  not  have  a  volume 
greater  than  50  ml.,  so  that  only  10  ml.  of  distillate  need  be  col¬ 
lected.  A  single  portion  of  hydrochloric  acid-sulfur  dioxide 
absorbing  solution  having  a  volume  of  10  ml.  (or  even  5  ml.) 
suffices  for  satisfactory  collection  of  osmium  tetroxide  (Table  I). 

The  volume  of  the  final  solution  in  which  the  color  has  been 
developed  can  be  kept  down  to  15  to  25  ml.  With  a  photoelectric 
photometer  the  limit  of  detectability  of  osmium  is  then  1  or  2 
micrograms  when  a  layer  of  solution  1  cm.  thick  is  examined  in 
green  light  (a  solution  containing  1  p.p.m.  of  osmium  gives  an 
extinction  of  ca.  0.015  in  1-cm.  depth  with  a  green  filter).  The  use 
of  a  visual  colorimetric  method  is  less  satisfactory  than  a  photo¬ 
metric  method  because  thiourea  gives  a  yellow  color  with  a  sulfur 
dioxide  solution.  The  formation  of  this  yellow  substance  is  of  no 
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Figure  1.  Color  Intensity  of  Osmium- 
Thiourea  Solutions  as  a  Function  of 
the  Time  of  Standing  after  Addition  of 
Thiourea 

Green  filter,  Cenco  No.  2 

A.  1.47  p.p.m.  of  Os  as  OsOi  in  a  solution 

2  N\n  HCI  and  containing  0.2%  thiourea; 
room  temperature  (27°  C.) 

B.  As  in  A  except  4  /V  HCI 

C.  As  in  A  except  6  N  HCI 

D.  0.5  ml.  of  0s04  solution  containing 

0.0368  mg.  of  Os  treated  with  10  ml. 
of  6  AT  HCI  saturated  with  SO2  and 
allowed  to  stand  at  room  temDerature 
for  20  minutes,-  0.5  ml.  of  10%  thio¬ 
urea  solution  then  added  and  whole 
diluted  to  25  ml.  with  water. 

E.  2.0  p.p.m.  of  Os  as  chloroosmate  in  2  N 

HCI  and  0.2%  thiourea  solution  at  room 
temperature. 


importance  in  a  photometric  method,  since  it  absorbs  green  li| 
to  a  negligible  extent  (the  transmittancy  of  a  blank  solutior 
cm.  in  thickness,  under  the  conditions  recommended  below 
99.9%  or  more  with  a  Cenco  No.  2  green  filter). 

The  reaction  between  thiourea  and  osmium  in  the  hydrochlc 
acid-sulfur  dioxide  solution  is  rapid  even  at  room  temperat 
and  full  color  intensity  is  attained  in  less  than  5  minutes.  In 
preparation  of  known  solutions  for  the  construction  of  the  sta 
ard  curve,  osmium  must  be  added  as  the  tetroxide.  Osmiun 
chloroosmate  gives  no  appreciable  color  with  thiourea  at  ro 
temperature  in  hydrochloric  acid  medium,  even  after  seve 
days’  standing.  The  red  color  appears  only  on  heating  (m 
rapidly  if  stannous  chloride  is  added).  This,  behavior  indica 
that  osmium  is  not  present  to  any  extent  as  chloroosmate  in 
absorbing  solution.  The  osmium-thiourea  color  system  ob 
Beer’s  law7. 

TV  hen  an  attempt  was  made  to  determine  osmium  in  the  pi 
ence  of  metallic  iron  by  dissolving  the  latter  in  5  N  nitric  acid  i 
distilling  flask  and  then  distilling  the  solution,  the  results  w 
markedly  low7.  The  reason  for  this  was  not  further  investigai 
but  the  evolution  of  nitric  oxide  is  apparently  to  blame.  r 
difficulty  wras  avoided  by  dissolving  the  iron  in  sulfuric  a> 
oxidizing  the  ferrous  salt  with  potassium  permanganate,  destr 
ing  the  excess  of  permanganate  and  manganese  dioxide  wit! 
small  amount  of  ferrous  salt,  then  adding  nitric  acid,  and  disi 
ing.  The  excess  permanganate  and  any  higher  oxides  of  m 
ganese  must  be  destroyed,  else  ruthenium  will  distill  as 
tetroxide  with  osmium  and  interfere  by  giving  a  blue  color  w 
thiourea. 

APPARATUS 

There  is  required  an  all-glass  distilling  apparatus  consisting  < 
round-bottomed  flask  (provided  with  an  inlet  tube  for  addit 
of  reagents)  w7hich  is  connected  by  means  of  a  ground-glass  jc 
to  a  water-cooled  condenser.  The  distilling  apparatus  used  in 
present  work  was  essentially  the  same  as  that  described 
Robinson,  Dudley,  \\  illiams,  and  Byers  (5)  for  distilling  seleni 
and  arsenic  from  soil  samples.  In  this  apparatus  the  thistle  ti 
for  addition  of  reagent  solutions  is  fused  into  a  ground-gl 
connection,  so  that  it  is  easy  to  remove  any  insoluble  mate 
from  the  flask  at  the  end  of  the  distillation  and  examine  it 
osmium.  The  distilling  flask  may  have  a  volume  of  250  to  1 
ml. 


Table  I.  Colorimetric  Determination  of  Osmium  after  Distillatior 

Tetroxide 


Addition 

No. 

Iron 

Rum 

Os  Taken 

Os  Found 

Gram 

7 

7 

7 

1 

7.5 

7 

2 

18.8 

17 

3 

37.5 

36 

4 

1 

7.5 

7 

5 

I 

18.8 

18 

6 

1 

37.5 

34 

7 

1 

25 

18.8 

18 

8 

1 

50 

18.8 

17 

9 

1 

50 

18.8 

18 

10 

1 

25 

3.8 

3 

SPECIAL  SOLUTIONS 

Osmium  Tetroxide,  0.005%  osmium  in  0.1  N  sulfuric  ac 
This  solution  is  prepared  by  dilution  of  a  stronger  one,  which  n 
be  obtained  as  follows:  Make  a  number  of  scratches  writh  a  file 
a  0.5-gram  ampoule  of  osmium  tetroxide  and  weigh  the  ampoi 
Drop  the  ampoule  into  a  glass-stoppered  bottle  (200  ml.)  conta 
ing  about  50  ml.  of  water.  Break  the  ampoule  by  shaking  1 
bottle,  and  w7hen  the  osmium  tetroxide  has  dissolved,  decant 
most  of  the  supernatant  liquid  into  a  volumetric  flask  (250  r 
for  example).  Rinse  the  bottle  w7ell  with  successive  portions 
water  and  transfer  these  to  the  volumetric  flask,  taking  care 
leave  all  the  glass  fragments  in  the  bottle.  Then  transfer  ' 


342 


\r,  1944 


ANALYTICAL  EDITION 


343 


|ss  fragments  to 
eighed  filter  cru- 
e  and  obtain  the 
ght  of  the  whole 
•r  drying.  The 
ight  of  the 
iium  tetroxide 
i  to  prepare  the 
>nger  solution  is 
js  obtained  by 
erence. 

i'hioubea,  10% 
eous  solution. 
otassium  Per- 
LgANATE,  5% 
i.tion. 

(YDROCHLORIC 

lD-SuLFUR  Di- 
(de  Solution,  1 
•  1  hydrochloric 
|l  freshly  satu- 
■d  with  sulfur 

PROCEDURE 


Figure  2.  Extinction-Concentration 
Curves  for  Osmium  Tetroxide-Thiourea 
Solutions 

Green  filter,  Cenco  No.  2 
4.  Solutions  contained  8  ml.  of  6  N  HCI  and 
0.5  ml.  of  10%  thiourea  in  25  ml.;  room 
temperature 

B.OsO*  solutions  treated  with  10  ml.  of  6  N 
HCI  saturated  with  SO2,  allowed  to  stand  15 
minutes  at  room  temperature,  0.5  ml.  of  10% 
thiourea  solution  added,  and  whole  diluted  to 
25  ml.  with  water. 


’he  sample  solu- 
should  have  a 
ime  such  that 
n  it  is  ready  for 
dilation,  after 
ition  of  nitric 
and  perman- 

ate,  the  total  volume  is  less  than  50  or  60  ml.  Chlorides  must 
ibsent,  and  if  permanganate  oxidation  is  necessary  the  solu- 
should  be  about  1  A  in  sulfuric  acid.  Transfer  the  solution 
he  distilling  flask,  and  if  ferrous  iron  or  other  reducing  sub- 
ices  are  present,  add  potassium  permanganate  solution  until 
;xcess  of  a  drop  is  present  as  indicated  by  the  color  change; 
id  getting  permanganate  on  the  neck  of  the  flask.  Next  add 
roximately  50  mg.  of  ferrous  ammonium  sulfate  hexahydrate 
lestroy  permanganate  and  higher  oxides  of  manganese.  The 
ime  of  the  solution  at  this  point  should  be  35  to  40  ml. 
dd  a  few  small  grains  of  pumice,  connect  the  flask  to  the  con- 
ser,  and  heat  the  solution  slowly  to  near  the  boiling  point  to 
ce  it  certain  that  higher  manganese  oxides  have  been  brought 
lipletely  into  solution.  Dip  the  end  of  the  condenser  into  10 
of  hydrochloric  acid-sulfur  dioxide  solution  contained  in  a 
-ml.  graduate,  the  upper  half  of  which  has  been  cut  off  (a 
e  vial  or  test  tube  marked  to  indicate  20  ml.  may  be  substi- 
:d).  Add  15  ml.  of  concentrated  nitric  acid  through  the  inlet 
2  of  the  flask  and  distill  at  such  a  rate  that  10  ml.  of  distillate 
collected  in  10  to  15  minutes.  Transfer  the  distillate  mixture 
i  25-ml.  volumetric  flask,  rinsing  the  condenser  and  receiver 
i  a  few  milliliters  of  water,  add  0.50  ml.  of  thiourea  solution, 
i  make  up  to  the  mark  with  water.  Determine  the  trans- 
tancy  of  the  solution  after  5  minutes  (longer  standing  does  no 
|m),  using  green  light.  In  constructing  the  standard  curve 
0,  25,  and  50  micrograms  of  osmium  as  the  tetroxide  to  dis- 
Ltes  obtained  from  osmium-free  nitric  acid  mixtures  as  already 
bribed. 

f  the  amount  of  osmium  is  likely  to  be  less  than  10  micro¬ 
ns,  use  5  ml.  of  hydrochloric  acid-sulfur  dioxide  solution  con¬ 
ed  in  a  25-ml.  graduate  for  collecting  10  ml.  of  the  distillate. 
1  0.3  ml.  of  thiourea  solution,  read  the  volume  of  the  solution 
be  graduate  (which  has  been  checked  for  accuracy),  and  deter- 
e  the  transmittancy  as  described  above. 

DETERMINATION  OF  OSMIUM  IN  METEORIC  IRON 


'he  following  procedure  was  used  in  determining  osmium  in 
Canon  Diablo  siderite. 

>  1-gram  sample  was  heated  near  the  boiling  point  with  10  ml. 
5  A  sulfuric  acid  in  an  Erlenmeyer  flask  until  there  was 
ctically  no  further  action.  The  solution  was  decanted  from 
unattacked  sample  and  reserved.  The  remainder  of  the  metal 
dissolved  in  10  ml.  of  hot  6  N  hydrochloric  acid.  The  solution 
then  treated  with  10  ml.  of  6  N  sulfuric  acid  and  evaporated 
umes  of  sulfuric  acid.  The  evaporation  to  fumes  was  re¬ 
ted  after  dissolving  the  salts  in  water.  The  residue  was  then 
fred  with  about  10  ml.  of  water  to  bring  all  but  a  small  amount 
nsolublc  material  into  solution.  This  solution  and  the  re- 
'ed  sulfuric  acid  solution  were  transferred  to  the  distilling 
k  and  the  ferrous  iron  was  oxidized  with  permanganate.  After 


addition  of  nitric  acid,  the  solution  was  distilled  and  osmium  was 
determined  as  described  above  (5  ml.  of  hydrochloric  acid-sulfur 
dioxide  solution  were  used  to  collect  10  ml.  of  distillate). 

The  small  amount  of  insoluble  material  remaining  in  the  solu¬ 
tion  after  distillation  was  collected  in  a  small  porous  porcelain 
filter  crucible,  the  bottom  of  which  had  been  covered  with  a  thin 
layer  of  quartz  powder  to  facilitate  the  subsequent  removal  of  the 
insoluble  material.  The  collected  material  was  dried  by  washing 
with  acetone,  transferred  to  a  nickel  crucible,  mixed  with  1  gram 
of  sodium  peroxide,  and  heated  at  low  redness  for  30  minutes. 
The  melt  was  extracted  with  20  ml.  of  water  and  the  solution 
heated  near  the  boiling  point  to  decompose  peroxide.  The  solu¬ 
tion  was  transferred  to  the  distilling  flask  and  treated  with  10 
ml.  of  6  N  sulfuric  acid.  Approximately  50  mg.  of  ferrous  am¬ 
monium  sulfate  were  added  and  the  solution  was  heated  to  destroy 
nickelic  oxide.  Nitric  acid  was  then  added  and  the  distillation 
made  as  already  described.  No  osmium  was  detected  in  this  dis¬ 
tillate. 

The  osmium  content  of  the  Canon  Diablo  meteorite  thus 
found  is  2.5  p.p.m.  Since  the  method  tends  to  give  slightly  low 
results,  this  value  may  as  well  be  rounded  off  to  3  p.p.m.  The 
Noddacks  found  3  p.p.m.  of  osmium  in  this  meteorite,  and  Gold¬ 
schmidt  and  Peters  reported  an  approximate  osmium  content  of 
5  p.p.m. 
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A  Funnel  for  Filling  Capillaries 

ALFRED  O.  WALKER,  National  Aluminate  Corp.,  Chicago,  III. 

FILLING  the  capillary  tubes  used  for  supporting  samples 
in  x-ray  diffraction  cameras  is  a  tedious  and  time-consuming 
procedure.  The  funnel  described  and  illustrated  here  greatly 
simplifies  this  operation.  It  is  constructed  of  brass,  although 
other  materials  could  be  used. 

The  dimensions  of  the  taper  are  determined  by  the  size  of  the 


capillaries  being  filled.  Plastic 
capillaries  can  be  wedged  into 
the  tapered  hole  of  the  funnel 
firmly  enough  to  stay  in  place 
during  the  filling  operation. 
Glass  capillaries  must  be  held 
in  with  a  slight  pressure  of  the 
little  finger,  with  the  funnel 
held  between  the  thumb  and 
forefinger.  The  ground  sample 
is  placed  in  the  funnel,  and  the 
top  edge  of  the  cap  is  rubbed 
with  a  serrated  surface  such  as 
the  side  of  a  pair  of  tw'eezers  or 
a  dull  file  in  order  to  shake  the 
powder  down  into  the  capillary. 
If  the  hole  plugs  up,  a  wire  can 
be  used  to  clear  it. 

Hygroscopic  samples  can  be 
dried  in  the  funnel  in  an  oven, 
broken  up  with  a  wire,  and 
introduced  into  the  capillary 
before  they  have  a  chance  to 
pick  up  moisture. 


Carbon  Dioxide  Generator  For  the  Dumas  Method 

of  Determining  Nitrogen 

H.  ARMIN  PAGEL 

Avery  Laboratory  of  Chemistry,  University  of  Nebraska,  Lincoln,  Nebr. 


THE  all-glass  carbon  dioxide  generators  described  in  the 
literature  (1-5)  are  essentially  identical  in  principle.  They 
differ  chiefly  in  modifications  which  affect  such  features  as  rug¬ 
gedness,  ease  of  charging  and  recharging,  and  control.  All  are 
portable  and  easily  supported.  Furthermore,  their  automatic 
generating  feature  is  desirable.  The  carbon  dioxide  produced  is 
claimed  to  be  very  pure,  but  the  actual  purity  obtained  is  not 
mentioned  by  any  of  the  authors. 

A  different  type  of  generator  constructed  in  this  laboratory, 
shown  schematically  in  Figure  1,  appears  to  have  certain  ad¬ 
vantages  over  those  referred  to  above:  (1)  The  generating 
capacity  is  over  six  times  as  large,  over  650  liters  of  gas,  exclusive 
of  the  amount  wasted  during  the  initial  evacuation  to  remove 
air  impurities;  (2)  the  bicarbonate  solution  is  automatically 
agitated  whenever  more  gas  is  generated,  and  therefore  stratifica¬ 
tion  is  avoided;  (3)  any  traces  of  residual  air  in  the  acid  reservoir 
are  effectively  swept  out  whenever  the  gas  is  used;  (4)  no  special 
safety  precautions  are  necessary  during  the  initial  evacuation  or 
later  operation;  (5)  since  the  gasometer  (fitted  with  a  flexible 
glass  extension)  is  an  integral  part  of  the  generator  the  two  rub¬ 
ber  couplings  ordinarily  used  are  eliminated  from  the  train. 


The  chief  disadvantage  of  this  generator  is  that  certain  parts 
(particularly  the  generator  bottle,  acid  reservoir,  and  gasometer) 
must  be  rigidly  supported  to  prevent  breakage  due  to  possible 
misalignment  after  the  parts  are  assembled.  The  apparatus  is, 
however,  safely  portable  when  mounted  on  a  suitable  platform. 

APPARATUS 

In  Figure  1,  the  generating  chamber  is  a  19.5-liter  bottle  with 
the  neck  accurately  ground  to  take  a  34/45  Pyrex  standard  taper 
joint,  A,  which  is  attached  through  two  7/25  joints,  D,  D',  to 
the  1-liter  capacity  acid  reservoir.  The  acid  flow  is  controlled 
by  the  magnetic  valve,  B,  actuated  by  the  solenoid,  C,  which  con¬ 
sists  of  about  700  turns  of  22-gage  copper  wire,  and  is  operated 
with  a  6-volt  battery.  The  carbon  dioxide  generated  at  N  leaves 
the  bottle  through  the  tube  terminating  in  10/30  joints,  E,  E', 
then  enters  the  empty  space  in  the  acid  reservoir  through  the 
vertical  tube,  M ,  where  it  sweeps  out  any  air  impurities.  The 
mercury  trap,  J,  prevents  possible  suck-back  of  air  into  the  main 


system  should  stopcock  L  be  accidentally  left  open.  The  100 
mercury-filled  gasometer,  G,  is  likewise  fitted  with  a  small  1 
I,  to  prevent  air  suck-backs  in  case  the  three-way  stopcoc 
turned  the  wrong  way  when  the  leveling  bulb  is  lowered  to  i 
the  gasometer.  All  capillary  tubing  shown  is  approximatel 
mm:  diameter  by  1.5-mm.  bore.  Stopcock  L  is  usee 

the  initial  evacuation,  and  provides  a  simple  means  of  obtaini 
continuous  flow  of  the  gas.  The  mercury-filled  manometer 
serves  to  indicate  the  approximate  pressure  in  the  system 
also  acts  as  a  safety  valve.  The  helix,  K,  made  of  3.5-mm. 
side  diameter  tubing,  consists  of  ten  loops  each  about  22  cm. 
by  2.5  cm.  wide.  This  provides  lateral  flexibility  of  over  5 
without  danger  of  breakage. 

The  ball  and  socket  acid  valve,  B,  is  drawn  considerably 
larged  to  show  details.  The  outside  diameter  of  the  moving 
is  7  mm.;  hence  the  bore  of  joint  F'  must  be  slightly  large 
order  to  introduce  this  part  safely  into  position  by  means 
wire  hook.  Special  attention  is  called  to  the  loop-shaped 
delivery  tube,  N  (shown  enlarged).  The  trap  contains  suffk 
mercury  to  seal  the  capillary  tube  against  back-pressure  ■ 
height  of  about  15  cm.;  hence  the  local  pressure  produced  by 
sudden  evolution  of  the  carbon  dioxide  is  prevented  from  < 
dentally  forcing  the  bicarbonate  solution  into  the  acid  deli' 
tube.  The  wide-angle  funnel-shaped  opening  at  the  tip  prev 
the  stoppage  of  the  tube  caused  by  the  formation  of  potass 
sulfate  crystals.  The  last  bubble  of  carbon  dioxide  formed  du 
generation  always  remains  in  the  funnel  tip,  thereby  effecti 
separating  the  capillary  column  of  sulfuric  acid  above  from 
bicarbonate  solution  below. 

CHARGING  AND  OPERATION 

To  charge  the  generator,  3.2  kg.  (7  pounds)  of  potass 
bicarbonate  are  put  into  the  generator  bottle,  followed  i 
enough  water  to  give  a  total  volume  of  about  16.5  liters  of  s 
tion.  After  the  salt  has  been  dissolved  by  shaking,  a  rapid  str 
of  tank  carbon  dioxide  is  bubbled  through  the  solution  for  al 
3  hours  to  remove  most  of  the  dissolved  air.  The  acid  reserve 
filled  with  30  N  sulfuric  acid  to  a  point  about  1  cm.  below 
opening  of  tube  M.  This  solution  is  likewise  treated  with  t 
carbon  dioxide.  The  various  removable  sections  termina 
with  the  standard  taper  joints  are  then  assembled.  Joint  . 
sealed  with  beeswax,  D,  I)'  with  Cenco  Plicene  cement,  anc 
others  with  Kronig’s  glass  cement.  All  joints  are  securely  clan 
by  means  of  coil  springs  of  suitable  strength.  The  aeid  vah 
then  operated  to  force  most  of  the  air  out  of  the  acid  line, 
vacuum  pump  is  attached  to  stopcock  L  and  the  system  is  ev; 
ated  until  the  difference  in  mercury  level  in  the  manometf 
about  30  cm.  L  is  then  closed  and  enough  gas  is  generated  t< 
establish  approximately  atmospheric  pressure.  (If  any  air  1 
bles  remain  in  the  acid  line,  these  can  be  best  removed  by  ope 
ing  the  acid  valve  in  rapid  succession  while  the  system  is  ui 
reduced  pressure.)  The  evacuation  and  generation  cycle  is 
peated  about  10  times,  the  pressure  is  increased  until  consi 
able  gas  blows  through  the  manometer,  and  the  gasomete 
filled  and  completely  discharged  twice.  A  rubber  tube  dip] 
into  a  beaker  of  water  is  attached  to  stopcock  L  and  the  la 
is  opened  to  permit  about  25  ml.  of  the  gas  to  escape.  More 
is  again  forced  through  the  manometer  and  the  additional  s 
are  likewise  repeated.  The  apparatus  should  then  be  in  condi 
for  service. 

TEST  OF  CARBON  DIOXIDE  PURITY 

The  generator  described  above  has  been  used  intermittei 
in  this  laboratory  for  over  7  months,  and  has  not  been  evaern 
during  this  time.  Throughout  this  period,  50-  and  even  100- 
samples  of  the  carbon  dioxide,  tested  with  the  microazotome 
failed  to  give  a  readable  air  blank.  On  two  different  days,  w 
the  apparatus  was  in  regular  use,  5C0-ml.  samples  showed  0. 
ml.  (4  parts  per  million)  of  air  impurity  in  both  tests.  M 
recently  two  additional  500-ml.  volumes  were  tested,  the  1 
after  the  apparatus  had  stood  idle  for  3  weeks  and  the  sec 
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k'er  an  additional  5  weeks.  Air  impurity  blanks  of  0.002  and 
103  ml.,  respectively,  were  found.  In  all  these  tests  the  gen- 
Itor  was  connected  to  the  azotometer  by  means  of  a  short  glass 
unection  which  was  9  cm.  long,  but  otherwise  identical  to  a 
uilar  micro  combustion  tube.  Since  it  requires  about  1  hour  to 
I is  500  ml.  of  carbon  dioxide  into  the  microazotometer,  any  air 
lieh  diffuses  through  the  two  rubber  connections  during  this 
lie  is  included  in  the  observed  air  blank.  Hence  the  actual 


purity  of  the  carbon  dioxide  is  probably  even  higher  than  the 
tests  indicate. 
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Rapid  Digestion  Method  (or  Determination  of  Phosphorus 

DONALD  W.  BOLIN  AND  OLOF  E.  STAMBERG,  Department  of  Agricultural  Chemistry,  University  of  Idaho,  Moscow,  Idaho 


K RAPID  quantitative  method  for  the  determination  of 
phosphorus  is  always  useful  in  the  analytical  laboratory, 
chloric  acid  either  alone  or  in  mixtures  with  other  acids  has 
n  used  to  oxidize  organic  matter  previous  to  the  determination 
nineral  constituents  ( 3 ,  4)-  Work  in  this  laboratory  has  shown 
it  the  presence  of  molybdenum  in  a  perchloric-sulfuric  acid 
tture  markedly  increases  the  rate  of  oxidation  of  organic  mat- 
Most  colorimetric  methods  for  the  determination  of  phos- 
irus  are  modifications  of  the  Misson  ( 6 )  or  Fiske  and  Subbarow 
methods  in  which  molybdenum  is  a  reagent.  The  use  of 
lybdenum  in  small  amounts  as  catalyst  proved  not  to  inter- 
with  the  quantitative  colorimetric  determination  of  phos- 
>rus;  hence  a  rapid  method  was  developed  for  determining 
isphorus  by  the  combined  techniques  of  perchloric-sulfuric 
i  digestion  in  the  presence  of  molybdenum  followed  by  colori- 
tric  analyses.  Results  of  phosphorus  determinations  on  feeds 
ested  with  perchloric-sulfuric  acid  mixture  in  the  presence  of 
lybdenum  as  a  catalyst  are  presented  here  and  compared  with 
fits  using  the  official  ashing  method  ( 1 ). 


ANALYTICAL  PROCEDURE 

)i-;:estxon  Mixture.  Dissolve  30  grams  of  sodium  molybdate 
150  ml.  of  distilled  water,  then  slowly  add  150  ml.  of  coneen- 
;ed  sulfuric  acid  to  the  molybdate  solution.  Allow'  this  solu- 
i  to  cool  and  then  add  200  ml.  of  70  to  72%  perchloric  acid. 
)igestion  of  Organic  Material.  Transfer  not  more  than  a 
-mg.  sample  to  a  dry  100-ml.  Kjeldahl  flask,  and  add  5  ml. 
he  digestion  mixture  and  a  few  glass  beads  to  prevent  bump- 
Heat  the  flask  slowdy  over  a  microbumer.  Oxidation  will 
in  in  1  or  2  minutes.  At  this  time  the  burner  may  be  turned 
and  the  digestion  allowed  to  proceed  under  its  own  generation 
leat.  Wash  down  any  adhering  particles  on  the  side  of  the 
k  by  swirling  the  flask  gently,  add  2  ml.  of  perchloric  acid, 
■e  the  flask  back  on  the  burner,  and  heat  until  the  digestion 
unplete.  Digestion  is  usually  complete  within  3  or  4  minutes, 
the  solution  is  then  clear  and  no  charred  material  remains, 
ate  the  digestion  mixture  to  a  volume  of  100  ml.  with  distilled 
er.  Filter  this  solution  or  let  it  stand  to  permit  any  silica 
sent  to  settle  out.  Take  a  suitable  aliquot  for  the  colorimetric 
'rmination,  and  adjust' the  acidity  with  perchloric  acid  to  the 
roximate  range  of  acidity  stated  in  the  method  used.  Since 
•e  is  a  relatively  wide  acid  range  in  these  methods,  the  ap- 
dmate  adjustment  of  perchloric  acid  concentration  can  easily 
uade. 


range  is  suitable,  the  Kjeldahl  digestion  flask  may  be  calibrated 
to  100  ml.  and  the  reagents  added  directly  to  this  flask.  By  the 
use  of  the  phosphovanadiomolybdate  method,  samples  containing 
0.05  to  0.5%  may  be  determined  directly  without  further  dilution. 
For  materials  containing  less  than  0.T%  phosphorus  and  with  a 
500-mg.  sample  the  reduced  phosphomolybdate  method  (7)  is 
more  suitable,  while  for  material  containing  higher  amounts  of 
phosphorus  the  vanadate  method  (5)  appears  preferable  because 
of  the  greater  stability  of  the  color. 

DISCUSSION  OF  RESULTS 

Table  I  shows  good  agreement  of  phosphorus  in  some  typical 
feeds  by  the  perchloric-sulfuric  acid  digestion  method  as  com¬ 
pared  with  the  longer  ashing  method.  Values  are  also  given  as 
obtained  by  two  previously  published  colorimetric  procedures. 
Replicate  results  by  the  shorter  acid  digestion  method  w'ere 
always  as  good  as  by  the  ashing  method. 

Several  samples  have  been  digested  with  perchloric-sulfuric 
acid  in  the  presence  of  molybdenum,  but  no  explosions  have  re¬ 
sulted.  With  a  sample  of  500  mg.  or  less,  the  reaction  proceeds 
smoothly  and  a  set  of  six  samples  can  be  digested  in  less  than  10 
minutes. 


Table  I.  Phosphorus  Values 


■Ashing - .  - - Digestion 


Yel¬ 

Aver¬ 

Yel¬ 

Aver¬ 

Dif¬ 

Sample 

Blue" 

low  & 

age 

Blue" 

low* 1 2 3 4 5 6 7 

age 

ference  c 

% 

% 

% 

% 

% 

% 

% 

Clover  chaff 

0.094 

0.090 

0 . 0940 

0.095 

0.096 

0 . 0955 

+  1.6 

Beet  pulp 

0.087 

0.088 

0.0875 

0.087 

0.092 

0.0895 

+2.3 

Corn  silage 

0.234 

0.225 

0.2295 

0.220 

0.227 

0.2235 

-2.6 

Range  grass 

0.060 

0.060 

0.0600 

0.060 

0.064 

0 . 0620 

+3.3 

Barley 

0.362 

0.357 

0.3595 

0.362 

0.357 

0.3595 

0  0 

Corn 

0.306 

0.312 

0.3090 

0.309 

0.306 

0.3075 

-0.5 

Alfalfa 

0.164 

0.168 

0. 1660 

0.167 

0.170 

0.1685 

+  1.5 

Alfalfa 

0.191 

0.193 

0.1920 

0.195 

0.200 

0.1975 

+  2.9 

Alfalfa 

0.110 

0.106 

0.1080 

0.104 

0.102 

0.1030 

-4.6 

Meat  meal 

4.560 

4.560 

4 . 5600 

4.800 

4.800 

4.8000 

+  5.3 

Soybean 

0.554 

0.552 

0.5530 

0.567 

0.555 

0.5610 

+  1.4 

Fish  meal 

2.920 

2.970 

2.9450 

3.070 

3.100 

3 . 0350 

+  3.1 

Wheat 

0.420 

0.419 

0.4195 

0.417 

0.417 

0.4170 

-0.5 

Peas 

0.480 

0.480 

0 . 4800 

0.460 

0.468 

0.4640 

-3.3 

Poultry  ration 

0.815 

0.800 

0.8075 

0.803 

0.820 

0.8115 

+0.5 

a  Phosphomolybdate  blue,  Sherman  method  (7). 
b  Phosphovanadiomolybdate  yellow,  Koenig  and  Johnson  (5). 
c  Ashing  method,  basis  of  100. 


he  phosphorus  was  determined  by  two  different  colorimetric 
hods — the  development  of  a  blue  color  by  reducing  the  phos- 
molybdate  as  described  by  Sherman  (7)  and  the  development 
yellow  color  by  the  formation  of  a  phosphovanadiomolybdate 
pound  by  the  method  of  Koenig  and  Johnson  ( 5 ).  The  per 
'•  transmission  was  determined  with  the  Cenco  photelometer, 
g  a  420  m^  filter  for  the  yellow  color,  600  m/x  for  the  blue  color, 
a  reagent  blank  as  a  reference  liquid.  A  standard  reference 
re  was  made  by  plotting  values  of  known  amounts  of  phos- 
rus  against  the  photelometer  readings  on  semilogarithmic 
>h  paper. 

or  routine  analysis  with  samples  in  which  the  phosphorus 
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All-Glass  Midget  Impinger  Unit 

ENGINEERING  UNIT,  Diyision  of  Industrial  Hygiene, 
National  Institute  of  Health,  U.  S.  Public  Health  Service, 
Bethesda,  Md. 

INCREASED  use  of  the  midget  impinger  ( 2 )  for  collecting 
various  atmospheric  contaminants  has  revealed  the  following 
disadvantages: 

1.  The  rubber  stopper  deteriorates  through  contact  with 
various  acids,  alkalies,  and  solvents  used  as  collecting  fluids. 
It  is  extremely  difficult  to  clean  the  rubber  stopper  when  slight 
deterioration  has  begun.  This  may  result  in  contamination  of 
the  sample.  Certain  solvents  dissolve  a  color  from  the  stopper, 
which  interferes  in  colorimetric  analysis. 

2.  The  side  arm  of  the  impinger  flask  is  sufficiently  low  to  per¬ 
mit  drawing  over  a  portion  of  various  alkalies  and  solvents  used 
as  collecting  fluids. 

3.  When  the  stopper  is  placed  in  the  flask,  an  annular  groove  is 
formed  where  the  stopper  contacts  the  flask.  Air  contaminants 
may  settle  in  this  groove  and  cause  subsequent  contamination 
when  the  sample  is  transferred  in  the  field. 

To  eliminate  these  disadvantages,  an  all-glass  collecting  unit 
(see  diagram),  similar  to  the  large  impinger  unit  ( 1 ),  has  been 
designed  and  used  satisfactorily  during  the  past  year.  The  all¬ 
glass  equipment  can  be  cleaned  thoroughly.  The  standard 
taper  permits  interchanging  of  parts  without  readjusting  the 
position  of  the  impinging  orifice,  which  was  necessary  in  the 
earlier  design.  The  side  arm  is  138  mm.  above  the  bottom  of  the 
flask,  as  compared  to  103  mm.  in  the  earlier  design.  This  added 
height  reduces  the  possibility  of  a  draw-over  when  certain  solvents 
and  alkalies  are  used  as  collecting  fluids.  A  shoulder  around  the 
standard  taper  stopper  covers  the  groove  formed  between  the 
stopper  and  the  flask,  and  prevents  the  settling  of  dusty  material 
in  the  groove  where  it  may  contaminate  the  sample  during 
transfer. 


For  certain  purposes,  similar  all-glass  equipment  has  bi 
designed  with  a  fritted-glass  bubbler  replacing  the  imping 
orifice.  Thus,  a  single  type  of  unit  may  be  used  over  a  w 
range  of  collecting  requirements. 
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A  Simple  Titration  Rack 

E.  C.  CANTINO,  Division  of  Plant  Nutrition,  University  of  California,  Berkeley,  Calif. 


RECENT  investigations  in  this  laboratory  have  involved  the 
use  of  various  semimicrochemical  methods  of  analysis. 
Such  methods  often  require  centrifugation  of  minute  quantities 
of  material  in  small  conical  centrifuge  tubes,  and  subsequently,  a 
titrimetric  determination  of  this  material  in  the  same  vessel. 

adequate  agitation  during  the  titration  is  difficult  in 


However, 


such  containers  and  the  process  becomes  increasingly  tedic 
when  a  number  of  determinations  are  necessary.  In  order 
obviate  this  difficulty  and  to  provide  a  rapid  method  of  analyi 
a  simple  titration  rack  was  designed  as  illustrated. 

The  stand  consists  of  a  wooden  base  and  frame  which  suppor 
frosted-glass  background.  Eight  brass  spring  clips  are  attach 

to  the  frame,  so  that  centrifuge  tul 
may  easily  be  slipped  firmly  into  pc 
tion.  The  glass  manifold  which  sen 
as  an  aerating  device  can  then  be  n 
nipulated  into  position  by  means 
clamps  b  and  b',  attached  to  vertii 
wooden  rods  which  in  turn  are  sr 
ported  by  the  frame. 

The  rate  of  air  flow  is  regulated 
the  control  valve,  A.  The  small  val 
above  each  tube  is  subsequent 
opened  when  the  contents  are  to 
titrated.  By  moving  the  reage 
bottle  and  attached  buret,  B,  cc 
secutively  from  one  tube  to  the  ne: 
a  series  of  eight  determinations  can 
rapidly  completed. 
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Improved  Apparatus  for  Use  in  Chromatography 

WM.  R.  CROWELL  AND  OTTO  KONIG1,  University  of  California,  Los  Angeles,  Calif. 
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CHROMATOGRAPHIC  work  the  disadvantage  of  the 
naccessibility  of  the  adsorption  column  while  developing  the 
:  omatogram  is  often  realized,  especially  if  a  so-called  colorless 
3  omatogram  is  in  progress.  The  development  is  usually  fol- 
red  by  pushing  the  column  of  adsorbent  out  of  the  tube  and 
Dishing  solutions  of  suitable  reagents  along  its  surface  in  order 
t<  obtain  colored  reaction  products  which  indicate  the  zones  of 
ki  various  adsorbates  (1,  2,  3).  In  case  the  chromatogram  is 
n  fully  developed,  the  entire  run  must  be  repeated.  If  an 
j rachromatogram  is  developed,  the  glass  of  the  tube  may 
iierfere  with  the  fluorescence  phenomenon.  In  the  develop- 

Snt  of  inorganic  chromatograms,  the  developers  passed  through 
:  adsorbent  change  entirely  by  chemical  reaction  the  nature 
yhe  components  to  be  resolved. 

\  tube  has  been  designed  which  permits  one  to  follow  the 
J/elopment  of  colorless  chromatograms  by  brushing  or  spotting 
agents  on  the  surface  of  the  adsorbent  with  no  loss  of  time  or 
aterial,  and  also  to  test  inorganic  chromatograms  with  traces 
»reagents,  while  the  bulk  of  the  material  remains  in  the  tube 
ii  ts  original  state. 

P"'  e  chief  feature  of  the  device  is  a  section  cut  from  a  small 
m  of  the  circumference  of  the  tube  along  its  entire  length, 
ng  a  tight-fitting  lid  in  the  corresponding  lengthwise  open- 
The  earliest  tubes  were  of  glass,  but  later  ones  were  of 
pstic  (Lucite).  The  latter  are  limited  in  their  use  to  chromato- 
;,ms  in  wluch  only  solvents  are  used  which  do  not  attack  the 
p  stic,  or  where  a  slight  attack  and  presence  of  dissolved  plastic  do 
d>  affect  the  tests — e.g.,  water,  alcohol,  and  ligroin.  Metals 
Ho  might  prove  useful  in  the  construction  of  such  tubes. 

The  tubes  used  by  the  authors  are  240  mm.  long  with  an 
Itide  diameter  of  15  mm.  They  were  machined  from 
124-mm.  round  Lucite  rod,  leaving  a  wall  thickness  of 
1  mm.  Two  symmetrical  cuts  converging  at  an  angle  of 
J  degrees  were  made  along  the  entire  length  of  the  tube 
b  produce  an  opening  5  mm.  wide  on  the  inside  and 
l  mm.  wide  on  the  outside  circumference.  From  a  square- 
i.ped  Lucite  rod  a  corresponding  circular  segment  was 


Present  address,  Baroid  Sales  Division,  National  Lead  Company, 
L  Angeles,  Calif. 


machined  fitting  smoothly  into  this  opening,  and  after  it  was  set 
in  the  tube  the  inside  was  machined  perfectly  smooth.  A  short 
section  of  the  lower  end  of  this  two-piece  tube  was  machined  so 
as  to  reduce  its  diameter  somewhat  and  produce  a  slight  taper, 
and  an  adapter  with  suction  tube,  made  from  Lucite,  was  fitted 
into  it  in  such  a  way  that  it  could  not  slip  entirely  up  the  taper. 
A  clearance  of  about  15  mm.  between  the  end  of  the  tube  and  the 
base  of  the  adapter  served  as  a  receptacle  for  cotton.  Near  the 
top  of  the  tube  a  groove  was  cut  around  its  circumference  and  a 
steel  position-tension  spring  was  fitted  into  it.  This  made  pos¬ 
sible  an  exact  replacement  of  the  lid  after  it  was  removed.  Metal 
bands  with  screw  and  nut  hold  the  tube  tightly  together. 

The  adapter  is  supplied  with  cotton,  the  tube  is  assembled  and 
set  into  the  adapter,  the  whole  apparatus  is  connected  to  a  suc¬ 
tion  flask  by  means  of  a  rubber  stopper,  the  tube  is  filled  in  the 
ordinary  way  (the  authors  usually  employ  slurries  of  adsorbent 
in  a  suitable  liquid) ,  and  the  chromatogram  is  started .  Whenever 
desired,  the  apparatus  is  taken  from  the  flask,  the  adapter  is  care¬ 
fully  removed,  the  metal  bands  are  taken  off,  and  the  lid  is 
opened  to  make  the  necessary  tests.  If  these  indicate  incom¬ 
plete  development,  the  lid  is  reset  and  the  apparatus  reassembled 
for  continued  development.  Even  if  particles  along  the  exposed 
surface  are  removed  with  the  lid,  which  needs  to  be  lifted  only 
at  one  end,  the  position-tension  spring  will  cause  these  to  return 
to  their  original  location  when  the  lid  is  replaced.  The  minute 
amounts  of  reagents  used  in  the  spotting  or  brushing  tests  do  not 
usually  interfere  in  the  continuation  of  further  development. 
The  joints  of  the  lid  and  tube  may  be  made  absolutely  tight  by 
winding  a  strip  of  scotch  tape  on  the  outside  surface  of  the  tube. 
This  is  recommended  for  the  junction  of  the  tube  and  the  adapter. 

Tubes  have  been  opened  and  reclosed  as  described  several 
times  during  chromatographic  tests  without  causing  caverns  and 

collapsing  of  the  column,  although 
care  must  be  taken  to  avoid  shocks 
or  injuries  to  the  exposed  surface 
of  the  adsorbent.  It  was  the  ex¬ 
perience  of  the  authors  that  if  the 
lid  opening  was  so  large  as  to  expose 
too  much  adsorbent  surface  (one 
half  or  even  less),  the  lid  could  not 
be  reset  many  times  without  en¬ 
countering  difficulties  due  to  the 
formation  of  cavities  and  channels 
as  a  result  of  too  rapid  volatilization 
of  the  solvent,  as  well  as  failure  to 
replace  the  lid  exactly  in  its  original 
position. 

Tubes  of  square  cross  section  with 
one  side  fitted  as  a  removable  lid  held 
by  screws  have  also  been  used. 
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Analysis  of  n-Butane—lsobutane  Mixtures  by  the  Density  Method 

ERN  EST  SOLOMON,  The  M.  W.  Kellogg  Company,  Jersey  City,  N.  J. 


A  RECENT  paper  by  Leighton  and  Heldman  ( 1 )  prompts  a 
brief  description  of  a  method  that  has  been  employed  suc¬ 
cessfully  for  several  years  in  this  laboratory  for  the  analysis  of 
mixtures  of  n-butane  and  isobutane.  The  method  is  similar  to 
that  employed  by  Leighton  and  Heldman;  however,  a  descrip¬ 
tion  of  the  apparatus  employed  may  assist  other  laboratories  in 
assembling  a  simple  and  compact  analytical  unit. 

The  butane  sample,  which  has  been  freed  of  olefins  and  of 
lighter  and  heavier  hydrocarbons,  is  condensed  into  the  inner 
chamber  of  a  triple-walled  Dewar  flask.  The  intermediate 
chamber,  containing  liquid  propane,  is  surrounded  by  an  outer 
evacuated  chamber  and  is  further  insulated  with  aluminum  foil 
in  which  appropriately  placed  windows  have  been  cut.  The  tem¬ 
perature  of  the  butane  sample  is  adjusted,  by  regulating  the 
pressure  over  the  boiling  propane,  until  a  small  glass  float  of 
appropriate  density  neither  rises  nor  sinks.  The  pressure  over 
the  propane  is  rapidly  adjusted  by  either  applying  a  pressure  of 
nitrogen  or  evacuating  with  a  water  aspirator  through  a  ballast 
volume.  A  small  Nichrome  heating  coil  immersed  in  the  propane 
assists  in  the  rapid  attainment  of  the  desired  equilibrium  tem¬ 


perature;  a  reflux  condenser  is  provided  to  return  vaporized  pi 
pane  to  the  intermediate  chamber. 

It  has  been  found  necessary  to  calibrate  for  equilibrium  flot 
tion  temperature  with  a  few  known  mixtures  of  n-  and  isobuta 
since  the  relationships  between  isobutane  concentration  and  eith 
propane  pressure  or  sample  temperature  (expressed  as  millivol 
measured  on  a  multij  unction  thermocouple  immersed  in  t 
liquid)  are  not  quite  linear.  Using  calibration  charts  the  methi 
can  readily  yield  results  accurate  to  ±1%  in  about  15  to  20  mi 
utes  from  the  time  the  sample  is  introduced  into  the  samp 
chamber  until  the  apparatus  is  ready  for  the  next  sample.  Abo 
10  ml.  of  liquid  provide  a  convenient  sample  for  this  techniqi 
although  there  is  no  reason  why  this  cannot  be  readily  reduced. 
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Fixing  Rubber  Connections 

H  ERBERT  Z.  LITTMAN,  Research  Department,  Palestine  Potash,  Ltd.,  Jerusalem,  Palestine 


IT  IS  general  practice  to  fasten  the  joint  between  a  glass  tube 
and  a  rubber  tube  by  means  of  a  small  cord,  waxed  thread,  or 
copper  wire.  With  tubes  of  small  diameter,  this  method  is 
troublesome  and  frequently  leads  to  breakage.  It  is  also  a  dis¬ 
advantage  that  the  connection  cannot  be  removed  without  cut¬ 


ting  the  wire  or  cord.  In  certain  cases  the  following  method 
very  convenient,  especially  if  only  a  small  internal  pressure  pi 
vails  and  it  is  desirable  to  remove  and  replace  the  connection  fi 
quently : 


Cut  a  small  ring,  A,  from  a  rubber  tube  of  a  diameter  equal 
or  slightly  larger  than  the  tube,  B,  which  is  to  be  fixed  on  t! 
glass  tube.  Lubricate  the  ring  with  glycerol  and  push  it  on  a  co 
borer  sharpener,  C  (Figure  1,  movement  1).  Then  transfer  t 
ring  to  a  cork  borer,  D,  the  inner  diameter  of  which  is  larg 
than  the  outer  diameter  of  the  rubber  tube  to  be  fixed  (mov 
ment  2).  Then  slip  the  end  of  the  rubb 
tube  into  the  cork  borer  and  transfer  tl 
rubber  ring  onto  the  rubber  tube  (moveme 
3).  With  the  aid  of  glycerol  it  is  now  ea 
to  put  the  rubber  tube  with  its  rubber  slii 
upon  a  glass  tube,  where  it  will  hold  tightl 


Figure  1 


The  method  is  especially  useful  if 
thermometer  is  to  be  introduced  into  £ 
apparatus  through  a  glass  tube  (Figure  2 
Here  a  wide  rubber  tube  which  goes  ov 
the  glass  tube  has  to  be  used,  and  coi 
sequently  it  will  be  too  wide  for  the  the 
mometer.  The  connection  between  tl 
thermometer  and  rubber  tube  can  be  mat 
by  a  rubber  ring  cut  from  a  heavy-walk 
rubber  tube.  It  is  easy  to  slip  the  rubb 
ring  from  the  cork  borer  onto  the  rubbi 
tube.  This  should  be  done  after  the  the 
mometer  is  in  position,  so  that  no  force  hi 
to  be  applied  to  the  thermometer. 

Anyone  trying  the  method  will  quick! 
learn  to  make  the  right  choice  of  diamete 
wall  thickness,  and  length  of  the  rings,  ai 
cording  to  the  necessary  tightness  or  eas 
of  connecting  and  removing. 


Figure  2 
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Determination  of  Sulfur  in  Brass  and  Bronze  by  the  Combustion  Method 

ALBERT  C.  HOLLER  and  JAMES  P.  YEAGER,  United  States  Metal  Products  Co.,  Erie,  Pa. 


[IE  authors  have  successfully  applied  the  well-known  high- 
temperature  combustion  method  of  Hale  and  Muehlberg 
( ')  to  the  determination  of  sulfur  in  brass  and  bronze. 

Igure  1  shows 
absorption  end 
he  combustion 
l.  A  Dietert 
temp  combus- 
furnace  was 
for  the  an¬ 
as.  The  oxy- 
was  purified  by 
age  through 
entrated  sul- 
:  acid,  40%  po- 
um  hydroxide, 
an  Ascarite- 
um  chloride 
,  in  order.  The 
end  of  the  Zir- 
ax  combustion 
was  packed 
about  1.25  cm. 
inch)  of  ignited 
istos  and  the 
was  adjusted 
he  furnace  so 
the  asbestos 
icing  was  heated 
dness.  Chro- 
n  sesquioxide 
of  sulfur  by 
lion  in  oxygen 
i  !400°  F.)  was 
d  to  be  the  only 
ble  bedding 
rial  for  use  in 

ombustion  boats.  Because  of  the  presence  of  graphite  in  some 
le  samples,  bromocresol  green  (pH  range  3.8  to  5.4)  was  used 
i  idicator  in  the  titration  of  the  acid.  The  sodium  hydroxide 

(ion  was  standardized  against  a  0.5-gram  sample  of  Bureau  of 
dards  19e-steel,  A.O.H.,  which  contains  0.040%  sulfur. 

0.1-  to  1.0-gram  sample  of  drillings  which  remain  on  a  No.  60 
pass  through  a  No.  20  sieve  was  taken  for  analysis.  The 
lie  was  burned  at  2100°  F.  in  a  stream  of  oxygen  which 
ed  at  the  rate  of  2  liters  per  minute.  WTien  the  combustion 


Figure  1 


was  complete  (5  or  10  minutes)  the  acid  was  titrated  with  the 
standard  sodium  hydroxide  solution  with  the  oxygen  still  on. 
The  combustion  was  continued  for  another  5  minutes  and  if  the 
acid  color  of  the  indicator  returned,  alkali  was  added  until  the 
end  point  was  again  reached. 

The  method  was  tested  on  Bureau  of  Standards  samples  124  of 
ounce  metal  and  63a  of  phosphor  bronze  bearing  metal  (Table  I) . 


Table  I.  Determination  of  Sulfur 

Sulfur  present  Sulfur  found  Deviation 

%  %  % 
Bureau  of  Standards  Sample  124,  Ounce  Metal 
0.071 


0.072 
0.071 
0.074 
0.070 
0.070 
0.069 
Av.  0.071 


+  0.001 
*0.000 
+  0.003 
-0.001 
-0.001 
-0.002 
±0.0013 


0.097 

-0.001 

0.098 

±0.000 

0.100 

+0.002 

0.097 

-0.001 

0.100 

+0.002 

0.098 

.±0.000 

Av.  0.098 

±0.001 

Bureau  of  Standards  Sample  63a,  Phosphor  Bronze  Bearing  Metal 
0.11a 


a  Provisional  analysis. 
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ie  (Predictable)  Concentrating  of  Standard  Solutions  Owing  to  Evaporation 


HERMAN  A.  LIEBHAFSKY,  Research  Laboratory,  General  Electric  Company,  Schenectady,  N.  Y. 


IE  author  has  seen  no  evaluation  of  the  (predictable)  in¬ 
ease  in  normality  caused  by  the  evaporation  of  water  that 
rs  in  a  carboy  from  which  a  standard  solution  is  being  with- 
n  and  replaced  by  dry  air  under  the  simplest  experimental 
itions.  The  problem  arose  in  this  laboratory  in  connection 
routine  titrations  of  high  precision.  In  carrying  out  these 
tions,  about  40  ml.  at  a  time  of  carbonate-free  sodium  hydrox- 
,re  forced  by  means  of  dry,  carbon  dioxide-free  air  from  a  15- 
carboy  into  the  buret. 

ssume  (1)  that  a  carboy  of  any  shape  whatever  is  initially 
I  with  F]  liters  of  standard  AVnormal  solution,  (2)  that  each 
ion  of  solution  withdrawn  is  replaced  by  dry  air,  and  (3) 
the  gas  space  in  the  carboy  becomes  saturated  with  water 
>r  between  withdrawals.  Consider  the  system  when  the 
oy  contains  an  arbitrarily  chosen  volume,  V,  of  A-normal 
:ion,  the  solute  being  nonvolatile.  Let  0.024  gram  per  liter 
ie  water  content  of  saturated  air  under  laboratory  conditions, 
len,  if  dV  liter  of  solution ‘has  just  been  withdrawn,  0.024 


dV  gram  (or  ml.)  of  liquid  water  will  be  vaporized,  and  0.024 
dVN/1000  equivalent  of  solute  will  be  left  behind  to  increase  the 
normality  of  the  remaining  solution.  But  this  amount  of  solute 
is  equal  to  VdN  equivalents,  where  dN  is  the  resulting  increase 
in  normality.  Upon  considering  the  sign  of  dV,  equating,  trans¬ 
posing,  and  integrating,  one  now  obtains  In  N2/N1  =  2.4(10~6)X 
In  V1/V2,  or  log  N2/N1  =  2.4(10_6)log  Vi/V2.  (The  subscripts 
refer  to  arbitrarily  chosen  initial  and  final  states;  N  must  increase 
as  V  decreases.) 

If  the  volume  of  solution  in  a  15-liter  carboy  is  reduced  in  the 
manner  prescribed  to  1.5  ml.,  log  N2  —  log  Ni  =  0.0001,  or  the 
normality  of  the  residuum  will  increase  by  0.02%,  which  is  neg¬ 
ligible  for  most  volumetric  work. 

If  the  simplest  experimental  conditions  do  not  obtain — if,  for 
example,  the  room  temperature  varies  markedly,  or  if  there  is 
loss  of  water  vapor  from  the  carboy,  as  to  a  drying  agent — then 
unpredictable  changes  larger  than  0.02%  may  occur  in  the  nor¬ 
mality  of  a  standard  solution. 


BOOK  REVIEWS 


NEW  EQUIPMENT 


Sulfur  Determinator 

The  Harry  W.  Dietert  Co.,  Detroit,  Mich.,  announces  an  improved 
3-minute  sulfur  determinator  for  rapid  and  accurate  sulfur  determina¬ 
tion  of  steel,  iron,  nonferrous  metals,  and  materials  such  as  coal  and 
coke. 


Sulfur  Determinator 


The  sample  is  ignited  in  a  high-temperature  furnace  in  an  oxygen 
atmosphere.  The  sulfur  in  the  sample  is  converted  to  sulfur  dioxide 
gas,  which  is  filtered  free  of  all  dust  particles  by  a  hot  ceramic  filter 
within  the  furnace  combustion  tube,  then  bubbled  through  an  alka¬ 
line  solution  which  reduces  the  alkalinity  of  this  solution.  The 
greater  the  sulfur  content  in  the  sample,  the  lower  the  alkalinity  of 
the  solution.  The  alkalinity  of  the  solution  is  measured  by  titrating 
with  a  standard  acid  solution. 

The  sulfur  determinator  is  divided  into  two  units:  the  measuring 
burets  with  2-liter  solution  bottles,  and  a  stand  and  support 
for  holding  the  solution  vessel  at  the  furnace.  This  arrangement  in¬ 
creases  the  speed  with  which  sulfur  determination  may  be 
made,  since  one  sample  may  be  in  process  of  combustion  while 
another  sample  is  being  titrated.  The  sulfur  percentage  is  read  di¬ 
rect  from  the  buret  scale. 

The  gas  bubbler  is  separated  from  the  solution  vessel,  allowing 
these  parts  to  be  of  inexpensive  construction  and  easy  to  clean. 

The  large  solution  bottles  hold  ample  amounts  of  prepared  solu¬ 
tions  and  may  be  quickly  removed  for  refilling. 

A  special  blue  reflector  with  a  frosted-glass  base  causes  the  end 
point  to  be  a  distinct  color  change  from  yellow  to  blue. 


AnalaR  Standards  for  Laboratory  Chemicals.  3rd  ed.  230  pa 
British  Drug  Houses,  Ltd.,  and  Hopkin  &  Williams,  Ltd.,  Lom 
1944. 

In  this  third  edition  of  standards  for  more  than  200  analyl 
reagent  (AnalaR)  chemicals  many  of  the  tests  have  been  made  n 
delicate  or  more  definite,  particularly  those  for  iron.  Tests  for 
purities  in  ferric  chloride  and  ferrous  sulfate  have  been  enti 
altered,  as  have  those  for  nickel  salts.  New  tests  include :  ammon 
dihydrogen  phosphate,  ammonium  tartrate,  cobalt  oxide,  ei 
acetate,  hydrogen  peroxide  (100  volumes),  magnesium  acetate,  ni 
nitrate,  perchloric  acid  (72%),  potassium  periodate,  isopropyl  alco 
and  sodium  dihydrogen  phosphate.  Four  which  appeared  in  eai 
editions  have  been  omitted:  hydrogen  peroxide  (10  volumes),  ] 
chloric  acid  (20%),  mercuric  oxide,  and  sodium  chloride  (fused). 

Quantitative  Analysis.  Harold  Simmons  Booth  and  Vivian  Ric) 
Damerell.  2nd  ed.  303  pages.  McGraw-Hill  Book  1 
New  York,  1944.  Price,  $2. 50. 

This  is  a  revision  of  a  text  intended  for  use  in  the  elementary  qua 
tative  analysis  course  that  normally  follows  qualitative  anah 
The  general  plan  of  the  book  remains  the  same,  but  seven  determ 
tions  have  been  added:  determination  of  tin  in  brass,  loss  u 
ignition,  nitrogen  by  the  Kjeldahl  method,  antimony  in  stibr 
sulfur  in  steel,  and  a  chapter  on  colorimetric  analysis,  indue 
determinations  of  manganese  and  molybdenum. 


Ceil  ing  Prices  on  Laboratory  Reagent 
Specialty  Solutions 

Manufacturers  of  laboratory  reagent  specialty  solutions  contair 
U.  S.  tax-paid  ethyl  alcohol  may  add  to  their  present  ceiling  prices 
exact  amount  of  the  tax  in  excess  of  §4  a  proof  gallon  for  the  alee 
contained  in  the  solution  being  sold  (Amendment  119  to  Revised  S 
plementary  Regulation  14  to  General  Maximum  Price  Regulation 
This  action,  effective  April  22,  1944,  was  taken  to  correct  a  coi 
tion  brought  to  the  attention  of  OPA  by  the  increased  tax  on  et 
alcohol  which  became  effective  April  1,  1944.  Producers  of  ft 
commercial  chemical  products,  which  are  solutions  of  dyes,  chemic 
or  other  substances  used  for  scientific  and  medical  research  and  clin 
laboratory  uses,  are  not  refunded  taxes  paid  on  ethyl  alcohol  as 
medicinal  and  drug  manufacturers. 

When  the  Revenue  Act  of  November  1,  1942,  increased  the 
from  S4  to  $6  per  proof  gallon  on  ethyl  alcohol,  the  producers  of 
agent  solutions  did  not  ask  for  a  price  adjustment,  and  assumed  t 
they  would  be  granted  a  drawback  on  taxes  paid.  However,  offi' 
interpretations  of  statutes  controlling  Treasury  drawbacks  have 
permitted  recovery  of  any  portion  of  taxes  paid  by  manufacturers 
On  April  1,  1944,  the  tax  was  further  increased  to  $9  a  proof  gall 
which  makes  it  impossible  for  manufacturers  of  reagent  solutions 
continue  production  under  ceiling  prices  frozen  at  March,  1942,  hi 
Resellers  of  the  solutions  may  add  to  their  ceiling  prices  the  amoi 
of  actual  increase  resulting  to  them.  The  products  are  sold  only 
clinics  and  laboratories,  and  are  not  available  at  retail.  Both  ma: 
facturers  and  resellers  are  required  to  show  the  additional  charge 
the  tax  as  a  separate  item  on  invoices. 

A.S.T.M.  Committee  on  Metal  Powders 

A  new  standing  committee,  B-9  on  Metal  Powders  and  Me 
Powder  Products,  has  been  organized  by  the  American  Society 
Testing  Materials  to  undertake  formulation  of  specifications  e 
methods  of  tests.  W.  A.  Reich,  General  Electric  Co.,  is  chairm 
and  W.  R.  Toeplitz,  Bound  Brook  Oil-Less  Bearing  Co.,  is  secretar 
Three  subcommittees  have  already  been  organized:  Nomenclat' 
and  Technical  Data,  F.  N.  Rhines,' chairman;  Metal  Powders,  D. 
Noel,  chairman;  Metal  Powder  Products,  R.  P.  Koehring,  chairm: 
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Molecular  Weight  of  Cellulose 

Measurement  of  Average  Degree  of  Polymerization 


O.  A.  BATTISTA,  American  Viscose  Corporation,  Marcus  Hook,  Pa. 


Vcosity-concentration  data  are  given  for  five  samples  of  purified 
ulose  representing  the  degree  of  polymerization  range  from 
3)  to  3000.  On  plotting  the  data  on  semilogarithmic  paper, 
li:ar  relationships  were  found  to  exist,  in  each  case,  between  (1) 

viscosity  function  and  concentration,  and  (2)  the  relative 

osity  function  measured  at  0.5%  concentration  and  the  degrees 
llbolymerization  corresponding  to  values  calculated  from  viscosity- 
centration  data  extrapolated  to  infinite  dilution.  The  data  have 
n  used  to  derive  a  mathematical  expression  by  means  of  which 
value  of  the  viscosity  function  at  the  standard  concentration  of 
).%  may  be  converted  to  degree  of  polymerization  data  equivalent 
’alues  obtained  by  extrapolation  of  viscosity-concentration  data 
nfinite  dilution. 


VITH  the  advent  of  the  more  rigorous  concepts  of  cellulose 
as  a  long-chain  molecule  of  high  molecular  weight,  the 
Ijriorating  action  of  chemicals  and  heat  on  cellulose  has  come 
the  considered  as  a  depolymerization  reaction  whereby  the 
momeric  glucose  anhydride  units  linked  continuously  in  the 
*olose  chains  become  severed  at  irregular  intervals  in  the 
■ms,  giving  rise  to  shorter  molecules. 

he  publication  of  the  Staudinger  (11,  12,  IS)  empirical  vis- 
Ity-molecular  weight  relationship  gave  great  impetus  to  the 
Instigation  of  methods  for  the  determination  of  the  weight- 
«"age  molecular  weights  of  high  polymeric  compounds.  Cop- 
f :  (2)  has  recently  reviewed  and  discussed  the  more  significant 
Ifers  that  have  been  published  relating  the  viscosity  of  solutions 
ifiigh  polymers  with  the  degree  of  polymerization.  The  pro- 
Aire  most  widely  used  is  to  relate  viscosity  data  obtained  at 
Itively  high  concentrations  with  the  value  of  the  viscosity 
■•tion  at  infinite  dilution  through  the  use  of  mathematical 
qitions  (2,  4,  5,  6,  8,  U). 

Ti  this  paper,  viscosity  data  are  presented  for  five  samples 
•unified  cellulose  representing  the  practical  degree  of  poly- 
aization  range  from  300  to  3000.  These  data  illustrate  that  a 
■fir  semilogarithmic  relationship  exists  between  the  relative 
sity  measured  at  0.5%  concentration  and  the  degree  of 
merization  calculated  from  viscosity  data  extrapolated  to 
ite  dilution.  The  constants  of  the  equation  expressing  this 
■rimentally  determined  relationship  have  been  obtained  by 
aphical  analysis  of  the  data,  and  using  these  constants  the 
ition  has  been  satisfactorily  checked  against  extrapolated 


es. 


EXPERIMENTAL 


Method  of  Fluidity  Measurement.  The  general  procedure 
■1  for  the  measurement  of  fluidity  was  based  on  the  papers 
Clibbens  and  Geake  ( 1 )  and  Mease  (9).  The  viscometer’s 
gn,  complete  dimensional  specifications,  method  of  calibra¬ 


tion,  and  a  discussion  of  the  precision  of  viscosity  measurement 
obtainable  with  this  type  of  capillary  viscometer,  are  given  in 
the  foregoing  papers. 


Figure  1.  vs.  c  (ordinary  graph  paper) 

I.  Typical  viscose  rayon 

II.  Low-viscosity  rayon  wood  pulp 

III.  Normal-viscosity  rayon  wood  pulp 

IV.  Absorbent  cotton 

V.  Raw  cotton 


The  viscometers  used  in  this  work  were  equipped  with  ground- 
glass  connections  (f,  9)  and  glass  stopcocks.  Outside  dissolving 
tubes  (10),  whereby  the  viscometers  are  reserved  for  the  measure¬ 
ment  of  fluidity,  were  used. 

It  was  found  advisable,  in  determining  the  viscosity  of  high- 
fluidity  celluloselike  rayon,  to  use  viscometers  possessing  capil¬ 
laries  of  smaller  inside  diameter  than  the  0.88-mm.  inside  diam¬ 
eter  capillary  recommended  for  use  with  cotton  solutions.  The 
large  kinetic  energy  correction  that  would  otherwise  be  necessary 
for  high-fluidity  cellulose  solutions  may  be  satisfactorily  reduced 
by  the  use  of  viscometers  whose  capillaries  have  an  inside  diameter 
of  0.675  mm. 

Pure  copper  gauze  (80-mesh)  was  used  in  the  preparation  of 
the  cuprammonium  solvent.  The  copper  gauze  was  wrapped 
around  an  inlet  tube  equipped  with  a  fritted-glass  jet  of  D 
porosity,  and  maintained  below  the  level  of  the  ammonium 
hydroxide  in  the  generating  chamber.  Agitation  was  provided 
for  by  the  fritted-glass  jet  which  served  to  break  up  the  incoming 
ammonia-laden  air  into  small  bubbles.  The  use  of  fine-mesh 
copper  gauze  facilitated  the  solution  of  the  copper,  and  obviated 
any  necessity  for  filtering  the  solvent  at  any  time  in  the  process 
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of  its  preparation.  A  siphon  was  used  to  transfer  the  solvent 
from  the  generating  chamber  to  the  stock  bottle. 

The  copper  content  was  determined  by  means  of  a  calibrated 
photoelectric  colorimeter.  This  method  is  rapid  and  was  shown 
to  be  as  accurate  as  the  volumetric  method  for  determining 
copper.  The  copper  content  was  adjusted  to  15.0  (±0.10) 
grams  of  copper  per  liter. 

The  ammonia  content  was  determined  volumetrically  and  was 
maintained  at  200  (±5)  grams  of  ammonia  per  liter. 

The  nitrous  acid  content  was  determined  by  means  of  a  Lunge 
nitrometer  and  was  never  found  to  exceed  the  maximum  limit 
of  0.5  gram  per  100  ml.  of  solvent. 

The  solvent  was  stored  under  oxygen-free  nitrogen  at  5°  C., 
and  its  viscosity  in  centipoises  ranged  from  1.32  to  1.36  at  20°  C. 

All  samples  of  cellulose  used  in  this  study  received  a  mild 
alkaline  scouring  treatment  (1%  sodium  hydroxide  at  40°  C. 
for  at  least  40  minutes),  and  a  thorough  extraction  with  water 
and  organic  solvents.  Samples  were  conditioned  at  58%  relative 
humidity  and  21.11°  C.  (70°  F.)  for  at  least  24  hours,  after  which 
moisture  determinations  were  made  in  duplicate  on  each  sample. 
The  weight  of  the  sample  used  for  the  measurement  of  fluidity 
was  calculated  on  a  bone-dry  basis. 

Black  glazed  analytical  weighing  paper  was  used  for  weighing 
the  samples. 

The  samples  were  put  up  in  a  constant-temperature  room 
(18°  C.),  and  left  on  the  rotating  wheel  at  this  temperature  over¬ 
night.  An  oxygen-free  nitrogen  atmosphere  was  maintained 
above  the  surface  of  the  solvent  as  it  was  discharged  into  the 
dissolving  tubes. 


Tabic  I.  Viscosity-Concentration  Data 


c' 

% 

c  Average  Fluidity 

G./100  ml.  Rhes  at  20°  C. 

v  sp 

r l  sp 

1.00 

0.944 

Typical  Viscose  Ray 
23.3 

on 

2.14 

2.26 

0.75 

0.708 

29. 1 

1.51 

2.13 

0.70 

0.660 

30.8 

1.42 

2.  15 

0.65 

0.613 

33.5 

1.18 

1.90 

0.60 

0.566 

34.8 

1.10 

1.94 

0.55 

0.519 

37.0 

0.97 

1.86 

0.50 

0.472 

40.0 

0.86 

1.82 

0.45 

0.425 

40.9 

0.78 

1.83 

0.40 

0.377 

44.9 

0.64 

1.69 

0.30 

0.283 

49.6 

0.47 

1.66 

0.20 

0.188 

55.7 

0.31 

1.64 

0.10 

0.094 

63.5 

0.15 

1.59 

1.00 

Low-Viscosity  Rayon  Wood  Pulp 
0.944  10.2  6.18 

6.54 

0.75 

0.708 

15.3 

3.80 

5.36 

0.55 

0.519 

21.7 

2.38 

4.58 

0.50 

0.472 

24.0 

2.06 

4.36 

0.45 

0.425 

27.2 

1.70 

4.00 

0.40 

0.377 

29.8 

1.47 

3.89 

0.35 

0.330 

32.9 

1.23 

3.72 

0.30 

0.283 

36.3 

1.03 

3.63 

0.25 

0.236 

40.0 

0.84 

3.55 

0.15 

0.141 

49.9 

0.47 

3.33 

1.00 

Normal-Viscosity  Rayon  Wood  Pulp 
0.944  5.56  12.2 

12.81 

0.60 

0.566 

14.0 

4.24 

7.49 

0.50 

0.472 

17.5 

3.18 

6.73 

0.45 

0.425 

19.6 

2.76 

6.40 

0.42 

0.395 

21.3 

2.45 

6. 18 

0.40 

0.377 

22.8 

2.22 

5.88 

0.38 

0.358 

22.9 

2.21 

6.  17 

0.35 

0.330 

26.5 

1.78 

5.39 

0.30 

0.283 

30.4 

1.42 

5.02 

0.20 

0.188 

39.9 

0.87 

4.62 

0. 10 

0.094 

52.9 

0.39 

4.  14 

0.50 

0.472 

Absorbent  Cotton 
5.19 

13.3 

28. 17 

0.40 

0.377 

8.28 

7.88 

20.90 

0.35 

0.330 

10.3 

6. 14 

18.60 

0.30 

0.282 

13.6 

4.43 

15.75 

0 . 25 

0.236 

17.4 

3.24 

13.72 

0.23 

0.217 

19.1 

2.91 

13.40 

0.22 

0.208 

21.0 

2.55 

12.25 

0.20 

0.188 

22.5 

2.33 

12.30 

0. 15 

0. 141 

28.5 

1.62 

11.50 

0. 10 

0.094 

38.8 

0.925 

9.78 

0.50 

0.472 

Raw  Cotton 
1.45 

48.0 

101 . 6 

0.25 

0.236 

7.38 

8.98 

38.05 

0.20 

0.188 

11.4 

5.42 

28.61 

0. 18 

0. 169 

13.9 

4.28 

25.32 

0. 15 

0. 141 

18.3 

3.03 

21.49 

0. 12 

0.  113 

22.6 

2.23 

19.72 

0.11 

0.104 

24.9 

1.95 

18.75 

0. 10 

0.094 

27. 1 

1.75 

18.61 

0.09 

0.085 

29.8 

1.50 

17.65 

0.08 

0.075 

31.5 

1.37 

18  35 

0.05 

0.047 

43.2 

0.73 

15.55 

Figure  2.  vs.  c  (semilogarithmic  graph  paper) 

I.  Typical  viscose  rayon 

II.  Low-viscosity  rayon  wood  pulp 

III.  Normal-viscosity  rayon  wood  pulp 

IV.  Absorbent  cotton 

V.  Raw  cotton 

Pure  copper  agitators  in  the  form  of  spirals  or  solid  rods, 
pending  on  the  viscosity  of  the  sample  being  tested,  were  i 
to  minimize  the  degradative  action  of  oxygen  on  cellulosr 
cuprammonium  solution  (3). 

Fluidities  were  measured  at  20°  (±0.10°)  C.,  and  flow  ti 
were  determined  by  means  of  a  split-second  electric  stop  cl< 
with  an  average  reproducibility  to  within  less  than  1%.  ' 
average  deviation  in  the  fluidities  of  the  duplicate  measuremr 
on  a  given  sample  never  exceeded  5%,  and  was  usually  less  t 
2%. 

A  solvent  blank  was  run  in  duplicate  with  each  series  of 
terminations.  A  standard  sample  of  cellulose  was  run  as  a  ch 
blank  periodically.  New  batches  of  solvent  were  prepared  ev 
2  or  3  months  and  3  liters  were  prepared  at  a  time. 

RESULTS 

In  Table  I  viscosity-concentration  data  are  given  for  eacl 
the  five  samples  of  cellulose  studied:  a  typical  viscose  ray 
a  low-viscosity  rayon  wood  pulp,  a  normal-viscosity  rayon  wi 
pulp,  absorbent  cotton,  and  raw  cotton. 

In  Table  II,  degree  of  polymerization  data  calculated  fr 
infinite  dilution  values  of  the  viscosity  function  and  using 
Kraemer  relationship  (7),  are  compared  with  degree  of  polym 
zation  data  calculated  on  the  basis  of  the  value  of  the  viscos 
function  at  0.5%  concentration. 

Relationship  between  Apparent  and  Basic  Degree 
Polymerization.  It  is  routine  practice  in  many  laboratoi 
to  determine  the  viscosity  (or  fluidity)  of  a  solution  of  cellul 
in  cuprammonium  solvent  at  a  standard  concentration  h 
enough  to  make  the  viscosity  measurement  as  simple  as  possil 
In  this  way,  it  is  practical  to  determine  relative  changes  in  I 
cosity  and  thereby  obtain  a  measure  of  the  degree  of  depo 
merization  of  cellulose.  The  arbitrary  standard  concentratk 
most  widely  used  are  0.50  and  1.0%,  respectively. 

The  data  presented  in  this  paper  correlate  the  values  of  t 
viscosity  function  obtained  at  the  standard  concentration 
0.50%  (apparent  D.P.)  for  five  representative  samples  of  celluli 
with  the  values  for  the  respective  viscosity  functions  obtain 
at  infinite  dilution  (basic  D.P.): 

Limit  c  — ►  o  -V 
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i isp 

>n  plotting  the - vs.  c  data  for  each  sample  on  ordinary  graph 

iser,  the  curves  in  Figure  1  are  obtained,  in  which  the  rate  of 
a  ease  of  the  slope  is  dependent  upon  the  degree  of  polymeriza- 
i<.  of  the  sample  being  studied.  Furthermore,  as  the  degree 
f  olymerization  increases,  the  variation  in  the  slope  of  the  curves 
■bi  at  very  low  concentrations  precludes  reliable  extrapolation 

TjSp 

i  he - vs.  c  data.  However,  when  the  same  data  are  plotted 

c 

semilogarithmic  paper,  linear  curves  are  obtained  for  each 
pie  (Figure  2)  and  more  reliable  extrapolation  is  possible, 
he  data  have  been  used  to  draw  a  conversion  graph  (Figure  3) 
vhich  the  calculated  “apparent  D.P.”  obtained  for  each 
pie  at  0.5%  concentration  are  plotted  against  the  correspond- 
basic  D.P.”  calculated  from  the  values  of  the  respective 
osity  functions  at  infinite  dilution,  using  the  Kraemer  rela- 
ship  (7). 

more  applicable  conversion  relationship  has  been  obtained 
dotting  the  values  of  (77 r  +  1),  determined  from  the  solution 
osity  at  0.5%  concentration,  against  the  corresponding  values 
the  “basic  D.P.”  on  semilogarithmic  graph  paper.  When 
is  done,  a  linear  relationship  is  obtained  and  is  expressed  by : 


Basic  D.P.  =  a  [log  far  +  1)  —  5] 


(1) 


Figure  4.  Conversion  Relationship 


Ire  a  and  b  are  constants  representing  the  slope  and  intercept, 
lectively,  of  Figure  4. 

I  he  values  of  constants  a  and  b  were  obtained  graphically  from 
lire  4,  and  on  substituting  them  in  Equation  1  we  obtain: 

Basic  D.P.  =  2160  [log  far  +  1)  -  0.267]  (2) 


Itie  Kraemer  relationship  and  constant  (7)  for  cellulose  in 
■[ammonium  solution  used  to  calculate  degree  of  polymeriza- 


ile  II.  Comparison  of  Degree  of  Polymerization  Data  Obtained 
by  Two  Methods  of  Calculation 


Degree  of  Polymerization 
From  infinite  From  data  at  0.5% 

dilution  data  using  concentration  using 

Material  Equation  3  Equation  2 


•cotton  3120 

■  bent  cotton  1950 

anal  viscosity  wood  pulp  960 

■viscosity  wood  pulp  750 

ise  rayon  390 


3100 

1980 

965 

735 

408 


Figure  3.  Conversion  Graph 


tion  data  from  values  of  the  viscosity  function  at  infinite  dilution 
are  given  in  Equation  3: 

D.P.  =  260  fa]  (3) 

where  fa  ]  is  the  value  for  the  intrinsic  viscosity  at  infinite  dilution 

Limit  c  — o 

The  calculated  basic  degree  of  polymerization  values  obtained 
using  the  conversion  relationship  of  Equation  2  are  compared 
in  Table  II  with  the  values  obtained  by  extrapolation  of  the 
viscosity  data  to  infinite  dilution  and  using  Equation  3. 

CONCLUSIONS 

When  viscosity-concentration  data,  obtained  for  five  repre¬ 
sentative  samples  of  purified  cellulose  covering  the  degree  of 
polymerization  range  from  300  to  3000,  are  plotted  on  semi¬ 
logarithmic  paper,  linear  relationships  are  obtained  in  each  case. 
This  permits  more  accurate  extrapolation  of  the  viscosity  data 
to  obtain  the  intercept  values  of  the  viscosity  function— i.e., 
values  at  infinite  dilution — from  which  degree  of  polymerization 
data  may  be  calculated. 

The  logarithmic  relationship  between  the  values  for  the 
viscosity  function  far  +  1),  obtained  at  0.5%  concentration, 
and  the  respective  degree  of  polymerization  data  calculated  from 
the  values  of  viscosity  function  at  infinite  dilution,  is  also  linear 
and  is  expressed  by  Equation  2.  The  numerical  constants  of 
this  equation  were  obtained  by'  a  graphical  analysis  of  the  data. 

A  conversion  graph  has  been  drawn  relating  the  “apparent” 
degree  of  polymerization  obtained  at  0.5%  concentration  to  the 
corresponding  values  for  the  degree  of  polymerization  obtained 
by  extrapolation  to  infinite  dilution  (Figure  3). 

Equation  2  may  be  used  for  accurately  converting  values  of  the 
viscosity  function  obtained  at  the  standard  concentration  of 
0.50%  to  basic  degree  of  polymerization  data  equivalent  to  values 
obtained  by  extrapolation  of  viscosity-concentration  data  to 
infinite  dilution  and  using  the  Kraemer  relationship  and  constant 
(7). 
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Colorimetric  Determination  of  Nickel  in  Bronze 

HENRY  SEAMAN,  1261  Daly  Ave.,  Bethlehem,  Pa. 


MANY  bronzes  contain  up  to  1%  of  nickel.  For  these 
relatively  small  amounts  it  would  appear  that  a  colori¬ 
metric  method  might  be  satisfactory  for  routine  work.  Feigl  (2) 
found  that  lead  dioxide  oxidized  nickel  in  alkaline  solution  to  a 
valence  higher  than  2,  and  that  addition  of  dimethylglyoxime 
to  this  solution  gave  a  red  coloration  rather  than  a  precipitate. 
This  procedure  was  improved  by  Rollet  (4),  who  used  bromine 
water  instead  of  lead  dioxide,  and  this  method  has  found  many 
applications  ( 1 ,  S,  5).  This  reaction  has  been  applied  to  the 
determination  of  nickel  in  bronze  using  a  filter  photometer 
such  as  the  Cenco  photelometer  with  a  cell  10  mm.  thick,  taking 
about  17  ml.  of  solution. 

PROCEDURE 

After  the  tin  is  removed  by  filtration  as  metastannic  acid  and 
the  copper  and  lead  by  electrolysis,  the  remaining  solution  is 
diluted  to  150  ml.  and  mixed.  One  milliliter  is  transferred  by 
pipet  to  a  100-ml.  tail-form  beaker,  25  ml.  of  distilled  water  are 
added,  and  the  mixture  is  shaken  after  addition  of  one  drop  of 
saturated  bromine  water.  Seven  drops  of  an  ammoniacal  solu¬ 
tion  of  dimethylglyoxime  (10  grams  of  dimethylglyoxime  dis¬ 
solved  in  650  ml.  of  ammonium  hydroxide  and  diluted  to  1  liter) 
are  added  and  the  mixture  is  again  shaken  well.  The  orange-red 
color  develops  in  alkaline  solution  immediately  on  shaking.  The 
solution  is  transferred  to  a  photelometer  cell  and  the  absorption 
determined  with  the  use  of  the  Cenco  dark  blue  filter  or  a  Corning 
blue  filter  such  as  No.  556.  The  maximum  absorption  occurs  at 
475  m,u.  The  per  cent  nickel  is  obtained  from  the  usual  type  of 
straight-line  curve  plotted  on  semilog  paper.  The  calibration 
data  for  this  curve  can  be  obtained  through  the  use  of  a  solution 
of  a  c.p.  nickel  salt  standardized  gravimetrically,  or  preferably 
by  removing  an  aliquot  from  the  regular  sample,  obtaining  the 
colorimetric  value  from  this  aliquot,  and  using  the  remainder 
for  a  gravimetric  determination.  With  bronzes  containing  man¬ 
ganese,  iron,  or  aluminum,  3  to  5  drops  of  a  solution  of  ammonium 
citrate  (25  grams  of  ammonium  citrate  dissolved  in  30  ml.  of 
water)  are  added  before  addition  of  bromine  water. 

RESULTS  AND  DISCUSSION 

Some  typical  single  results  obtained  by  this  method  are  shown 
in  Table  I.  In  general,  it  is  believed  the  results  are  satisfactory 
for  the  usual  type  of  bronze.  The  use  of  ammonium  citrate  does 
not  eliminate  the  interference  of  manganese  and  iron  but  reduces 
it  considerably.  The  precision  and  accuracy  of  this  method  in 
the  range  indicated  are  0.02  to  0.04%  nickel. 

To  obtain  satisfactory  results  with  this  method  it  is  necessary 
to  standardize  on  a  procedure  and  use  it  for  all  determinations. 
Among  the  factors  which  can  affect  the  intensity  of  the  color  are 
time  of  standing,  amount  of  bromine  used,  amount  of  ammonium 
citrate  used,  shaking,  and  temperature.  The  color  intensity 
increases  on  standing,  the  increase  being  greatest  during  the 
first  20  minutes,  and  tends  to  level  off  after  2  hours.  A  typical 
increase  during  the  first  20  minutes  would  be  from  0.58  to  0.60% 
nickel.  The  use  of  more  than  one  drop  of  bromine  water  and  the 
use  of  ammonium  citrate  tend  to  lower  the  color  intensity 
slightly — for  example,  standard  52a  gave  0.75%  nickel  with  1 


drop  of  bromine  water,  0.74%  with  2  drops,  and  0.71%  wi 
drops.  An  approximately  equal  reduction  in  values  for  nicl 
obtained  with  3  to  5  drops  of  the  ammonium  citrate  solu 
so  that  5  drops  of  bromine  water  and  5  drops  of  the  ammoi 
citrate  solution  give  values  of  0.67  to  0.68%  nickel  for 
sample.  Low  results  will  also  be  obtained  by  the  use  of  too  s 
a  drop  of  bromine  water,  in  which  case  some  nickel  will  be 
cipitated. 


Table  I.  Nickel  Determinations  on  Bureau  of  Standards  Sami 


Sample 

Nickel 

No. 

Interfering  Elements 

Gravimetric 

Colorime 

% 

% 

% 

37C 

Fe,  0.17 

0.58 

0.59 

37C 

Fe,  0.17 

0.58 

0.57“ 

37B 

Fe,  0.21 

0.45 

0.46“ 

37B 

Fe,  0.21 

0.45 

0.46“ 

52 

Fe,  0.12 

0.13 

0.13 

52 

Fe,  0.12 

0.13 

0.13“ 

124 

Fe,  0.38 

0.45 

0.47 

124 

Fe,  0.38 

0.45 

0.46“ 

52a 

Fe,  0.05;  Mn,  0.02 

0.73 

0.75 

62 

Fe,  1.13;  Mn,  1.59;  Al,  1.13 

0.64 

0.70“ 

Manganese 
bronze c 

Fe,  2.2;  Mn,  3.1;  Al,  3.8 

0.00 

0.106 

a  Using  3  drops  of  ammonium  citrate  solution,  25  grams  per  30  ml. 
b  Using  5  drops  of  ammonium  citrate  solution,  25  grams  per  30  ml. 
c  A  commercial  sample. 


Some  experiments  indicate  that  fairly  vigorous  shakii 
necessary  to  develop  the  maximum  color  intensity,  althougl 
values  obtained  were  indecisive.  Temperature  has  little  e 
on  the  color,  except  that  a  hot  solution  will  give  a  precip 
rather  than  a  color.  Temperatures  somewhat  above  or  b 
room  temperature  gave  substantially  the  same  values. 

To  reduce  the  interference  of  iron  and  manganese,  ammo; 
citrate  may  be  added.  Under  these  conditions,  these  elen 
will  give  a  yellow  solution.  A  proper  choice  of  wave  length  n 
serve  to  eliminate  this  interference.  However,  with  a  blue 
the  interference  due  to  iron  was  found  to  be  about  0.02%  n 
for  1%  iron,  and  0.03%  nickel  for  1%  manganese  with  the  u 
3  drops  of  an  ammonium  citrate  solution  containing  25  grar 
the  salt  in  30  ml.  of  water.  The  dark  green  Corning  filter  No 
reduced  the  interference  somewhat  but  gave  a  less  satisfa< 
curve.  Copper  and  zinc  in  the  amounts  usually  present  off* 
interference. 
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Increase  in  Concentration  of  Insecticide  in  Freon-12 


Accompanying  Transfer  or  Discharge  of  an  Aerosol-Producing  Solution 


C.  M.  SMITH  and  L.  D.  GOODHUE 

Bureau  of  Entomology  and  Plant  Quarantine,  U.  S.  Department  of  Agriculture,  Beltsville,  Md. 


'he  transfer  or  discharge  of  solutions  in  liquefied  gases  used  for  the 
duction  of  insecticidal  aerosols,  a  concentrating  effect  occurs 
ause  of  escape  of  solvent  from  the  solution  to  maintain  the  high 
ior  density.  A  mathematical  treatment  of  this  effect  is  given, 
i  experiments  are  described  by  which  it  was  confirmed  for  solu- 
is  in  Freon-12.  In  that  case  a  discharge  of  90%  of  the  liquid 
se  raises  the  concentration  of  the  remaining  solution  by  8%  of 
'alue. 

HE  insecticidal  aerosol,  produced  when  a  solution  of  in- 
ecticides  in  a  liquefied  gas  is  released  into  the  air  (S), 
met  an  urgent  military  need,  especially  for  disinfesting 
fianes  and  for  overseas  use.  The  combination  of  pyrethrum 
sesame  oil  in  dichlorodifluoromethane  (Freon-12)  produces  a 
f  effective  nonflammable  insecticide  that  is  nontoxic  to  man 
animals.  In  the  manufacture  and  packaging  of  this  solution, 
ain  questions  have  arisen  concerning  the  physical  properties  of 
tions  in  liquefied  gases.  A  mathematical  treatment  of  one  of 
•e  problems,  which  has  to  do  with  change  in  concentration  due 
ransfer  or  discharge  of  insecticide,  and  confirmatory  experi- 
ital  results  are  presented  in  this  paper. 

t  80°  F.  (26.7°  C.)  the  density  of  saturated  Freon-12  vapor  is 
>77  gram  per  cc.  As  liquid  is  withdrawn  from  an  aerosol  con- 
er  during  use,  appreciable  quantities  of  Freon  evaporate  from 
solution  remaining  in  the  container  to  maintain  this  high 
or  concentration  in  the  increasing  space  not  occupied  by  the 
id.  As  a  result  the  concentration  of  the  remaining  solution 
lually  increases  as  the  container  empties.  While  this  change  is 
serious  than  if  the  solution  progressively  weakened,  still  the 
1  for  conservation  of  insecticide  suggests  that  some  considera- 
be  given  to  the  matter,  especially  in  connection  with  pack- 
ig  the  solution. 

MATHEMATICAL  DEVELOPMENT 

n  approximate  estimate  of  the  magnitude  of  this  effect  at  any 
n  fixed  temperature  can  be  obtained  by  means  of  the  calculus, 
i  is  assumed  that  the  densities  of  both  gaseous  and  liquid 
ses  remain  constant.  This  is  obviously  not  strictly  true,  but 
ill  be  shown  later  that  the  departure  from  exactness  is  in- 
equential.  The  mathematical  development  follows: 

1  =  volume  of  container,  in  cubic  centimeters 
M  =  weight  of  initial  total  content,  in  grams 
M,  =  weight  of  initial  liquid  content,  in  grams 
C  =  initial  concentration  of  insecticide  in  the  liquid,  in 
grams  per  gram 

W  —  initial  weight  of  insecticide  in  the  liquid,  in  grams 
D.  =  density  of  insecticide  solution,  in  grams  per  cubic 
centimeter 

D„  =  density  of  solvent  vapor,  in  grams  per  cubic  centi¬ 
meter 

r  =  the  ratio  D?/D, 

Q  =  weight  of  liquid  withdrawn  (no  vapor  being  allowed 
to  escape) 

m  =  weight  of  total  contents  after  withdrawing  Q,  in  grams 
m,  =  weight  of  liquid  contents  after  withdrawing  Q,  in 
grams 

c  =  concentration  of  insecticide  after  withdrawing  Q,  in 
grams  per  gram 

=  weight  of  insecticide  in  container  after  withdrawing 
Q,  in  grams 

t  any  stage  of  emptying,  the  weight  of  insecticide  in  the  con¬ 
fer  is  ir.  Withdrawal  of  an  additional  infinitesimal  wreight, 


dm,  consisting  of  solution  only  will  cause  a  corresponding  change 
in  the  value  of  w,  as  given  by  the  equation 


d w  =  edm  =  — -  dm 

m. 


But 

Whence 


From  1  and  3 


m,  m  —  m,  .. 

D.+  Dg 

V  D,Dg  —  mZh  m  —  VDa 
D0  -  D„  1  -  r 

and  dm  =  (1  —  r)  dm, 

d  w  _  (1  —  r)  dm, 
w  m , 


Proceeding  to  definite  integrals,  In  =  In 


Therefore,  since 

£ 

II 

C> 

P 

P 

Q- 

W  =  M.C 

.  m,c  /  m,  V 

ln  me  ~  (k) 

—  r 

from  which 

c  M,  m,1~r 

C  m,  X  il/,1  -  -  ' 

■  (Si)" 

(1) 


(2) 

(3) 


If  Ma  is  known,  as  it  was  in  some  of  these  laboratory  experi¬ 
ments  because  of  the  manner  of  filling,  m,  at  any  stage  is  calcula¬ 
ble  from  it  and  the  W'eight,  Q,  of  liquid  withdrawn,  for  from 
Equation  2 


m. 


M  —  Q  -  VD0  _  _  Q 

1  —  r  '  1  —  r 


and  hence 


__Q _ 

(1  ~r)M 


(4) 


By  the  aid  of  values  calculated  from  this  equation,  the  per- 

c  —  C 

centage  increase  in  concentration,  100  — ^ — ,  can  be  plotted 


against 


100  Q 

M. 


,  the  percentage  of  solution  withdrawn,  as  is  illus¬ 


trated  in  Figure  1  for  a  solution  containing  5%  of  sesame  oil  in 
Freon-12.  For  the  construction  of  this  graph  D0  was  taken  as 
0.0377  gram  per  cc.,  D,  as  1.291  grams  per  cc.,  and  r  therefore  as 
0.0292.  It  shows  that  a  quantity  of  liquid  equal  to  22%  of  the 
original  liquid  content  must  be  withdrawn  before  the  concentra¬ 
tion  of  insecticide  rises  1%,  that  removal  of  80%  causes  a  5%  rise, 
and  that  92.5%  delivery  gives  only  a  9%  rise. 

If,  as  will  more  often  be  the  case,  the  total  content  of  the  con¬ 
tainer,  M,  rather  than  the  liquid  content,  M„  is  known, ^Equa¬ 
tion  4  can  be  converted,  because  of  the  relationship 


M, 

into  the  equivalent  form 


M  -  VD0 
1  -  r 


£  =  (1 _ 9. _ Vr 

C  V  M  -  VD„) 


^  100  O 

and  100  — ^ —  can  be  plotted  against  — ^ — ,  the  percentage  of 

total  contents  removed. 


EXPERIMENTAL  VERIFICATION 

The  errors  due  to  the  assumption  that  the  gas  and  liquid  densi¬ 
ties  are  constant  can  be  judged  by  a  consideration  of  the  possible 
departures  of  those  values  from  constancy.  The  possible  changes 
in  gas  density  were  derived  from  measurements  of  the  lovrering 
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PERCENT  OF  OR  IGI  NAL  SOLUTION  WITHDRAWN  FROM  CONTAINER 


Figure  1.  Increase  in  Concentration  of  Freon  Solution  of  Oily 
Insecticide  as  Contents  Are  Withdrawn  from  Container 


Table  I.  Lowering  of  Vapor  Pressure  of  Freon-1 2  by  Sesame  Oil 


Sesame  Oil 

Vapor  Pressure  Loweri 

% 

Mm.  of  Hg 

2.5 

6,  7,  av.  6.5 

5.0 

18,  19,  18,  av.  18.3 

10 

23,  24,  28,  av.  25 

15 

35,  37,  av.  36 

of  vapor  pressure  produced  by  dissolving  various  proportions  of 
sesame  oil  in  Freon-12. 

The  apparatus  used  to  make  these  measurements  (Figure  2) 
consists  of  two  identical  containers  with  valves  connected  through 
a  U-tube  containing  mercury,  which  acts  as  a  differential  man¬ 
ometer.  Two  small  petcocks,  one  on  each  side  of  the  manometer, 
are  necessary  to  operate  the  apparatus. 

Three  hundred  grams  of  liquid  Freon-12  were  always  placed 
in  the  container  on  the  right  and  an  equal  weight  of  solution  was 
made  up  in  the  one  on  the  left.  The  connections  were  made  to 
the  manometer,  and  the  vapors  from  the  two  containers  were 
allowed  to  enter  the  manometer  simultaneously  until  the  total 
vapor  pressure  on  each  side  was  exerted.  The  whole  apparatus 
was  then  submerged  in  a  transparent  water  bath.  Readings 
were  made  at  80°  F.  after  the  system  had  reached  equilibrium. 

The  Freon-12  used  contained  some  nonliquefiable  gases,  which 
interfered  somewhat.  To  overcome  this  interference,  containers 
of  the  same  size  with  the  same  volumes  occupied  by  the  liquid  on 


1. 

s. 

3. 

4. 


Heavy-walled  glass  lobe  containing  mercury  5. 

Brass  frame  from  0.5-inch  pipe  having  slots  6. 

cut  in  each  side  7, 

Rubber  gasket  8 

Adapter  from  0.375-  to  O.t  25-inch  pipe  thread  9. 


Petcock 

Needle  valve  on  container 
Container 

Liquefied  gas  solution 
Liquefied  gas 


both  sides  were  used.  The  exact  amount  of  Freon  needed  foi 
solution  was  introduced  to  avoid  fractionation  by  the  removj 
any  excess.  The  results  are  shown  in  Table  I. 


Since  the  total  vapor  pressure  of  Freon-12  is  about  5000  i 
of  mercury,  the  degree  of  reproducibility  shown  is  considered 
good. 

Fifteen  per  cent  of  nonvolatile  material  has  been  found  t 
about  the  optimum  that  should  be  used  in  an  aerosol  solul 
Such  a  solution  will  have  a  vapor  pressure  about  36  mu 
mercury  below  that  of  Freon-12. 

Reference  to  the  equation  of 
state  derived  for  Freon-12  by 
Buffington  and  Gilkey  (2)  shows 
that  this  lowering  of  pressure 
produces  a  change  in  vapor  den¬ 
sity  of  only  0.0003  gram  per  cc., 
which  for  the  authors’  purposes 
can  be  considered  negligible  in 
comparison  with  the  figure 
0.0377  gram  per  cc.  used  in  con¬ 
structing  the  graph. 

The  possible  changes  in  liquid 
density  were  evaluated  by  con¬ 
sideration  of  the  values  for  den¬ 
sity  of  solutions  of  sesame  oil  in 
Freon-12,  determined  at  80°  F. 
by  means  of  a  small  hydrometer 
in  a  closed  system. 


The  liquid  was  placed  in  a  pres¬ 
sure  test  tube  together  with  the 
hydrometer.  The  whole  appa¬ 
ratus  (Figure  3)  was  set  in  a 
glass  water  bath  at  80°  F.  and 
the  length  of  the  emergent  stem 
was  determined  with  a  cathe- 
tometer.  The  hydrometer  was 
calibrated  by  observing  the 
length  of  the  emergent  stem 
above  the  Freon  at  several  tem¬ 
peratures.  The  error  of  this  cali¬ 
bration  due  to  the  increasing 
vapor  density  above  the  Freon 
was  calculated  and  found  to  be 
negligible.  A  curve  was  plotted 
from  which  the  densities  of  the 
various  sesame  oil  solutions  were 
determined  at  80°  F.  (26.7°  C.). 
The  values  obtained  are  shown 
in  Table  II. 


Figure  3.  Pressure 
Tube  Assembly  and  Sr 
Hydrometer 


1. 


Since  15%  of  oil  is  taken  as  the 
optimum,  the  change  in  liquid 
density  will  not  exceed  0.048 
gram  per  cc.,  which  would  pro¬ 
duce  a  change  of  only  about  0.3 
c  -  C 


Heavy-walled  glass  test 
10  nun.  in  Inside  dian 
and  1 55  mm.  long 
Standard  Y-valve  lor  i 
refrigerant  drums 
Frame  from  0.5-Inch  I 
pipe  with  long  windows 
in  opposite  sides 
Screw  plug 
Gasket 

Rubber  cushion 
Hydrometer 


in  the  value  of  100 


cal¬ 


culated  for  the  case  in  which  90%  of  the  contents  of  the  t 
is  withdrawn.  Thus  it  appears  that  the  graph  is  sufficiei 
accurate  for  all  ordinary  purposes. 


As  an  objective  confirmatory  test,  measurements  of  the 
crease  in  concentration  were  made  on  400-gram  samples  of 
approximately  5%  solution  of  cottonseed  oil  in  Freon-12.  Cott 


Table  II.  Change  in  Density 

Sesame  Oil 

% 

0 

2.5 

5.0 

10 

15 

20 

°  From  Bichowsky  and  Gilkey 


Freon-1 2  Due  to  Sesame 

Deneity 

G./cc. 

1 . 303° 

1.298,  1.2985,  av.  1.298 
1.290,  1.292,  av.  1.291 
1.274,  1.274,  av.  1.274 
1.2548,  1.2552,  av.  1.255 
1.2285,  1.2295,  av.  1.229 


fee,  1944 
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le  III.  Concentrating  Effect  Caused  by  Removal  of  Liquid  from 
an  Aerosol  Bomb 


i  Containing  originally  400  grams  of  a  5%  solution  of  cottonseed  oil 


tjition  Withdrawn 
lj%  by  weight 

in  Freon-12) 

Relative  Concentration  of  Oil 

Determined 

Calculated 

% 

% 

0 

(100.0) 

100.0 

y  50 

100.9,  101.5,  av.  101  2 

102.1 

80 

105.3,  106.5,  av.  105.9 

105.2 

90 

108.9,  109.1,  av.  109.0 

108  0 

• 

li  oil  was  chosen  instead  of  sesame  oil  because  it  did  not  oxi- 
I ;  when  heated  for  the  analyses.  The  initial  concentration  was 
kermined  by  withdrawing  two  5-gram  samples  into  pressure 
l;  tubes,  which  were  weighed  before  and  after  to  determine  the 
ict  weight  of  the  samples. 

?he  apparatus  was  used  without  the  hydrometer.  The  volatile 
rent  was  then  allowed  to  evaporate,  and  the  test  tube  contain- 
|  the  residue  was  removed  from  the  frame  and  heated  for  30 
nutes  at  110°  C.  The  weight  of  the  residue  was  then  de¬ 
mined  and  the  concentration  by  weight  of  nonvolatile  matter 
Emulated.  Duplicate  samples  were  also  taken  after  50,  80,  and 
Wc  of  the  solution  had  been  allowed  to  escape.  Mechanical 
i  culties  made  the  results  unreliable  after  95%  had  been  re- 
i/ed.  All  operations  were  carried  out  at  80°  F.  The  results 
I  shown  in  Table  III. 

'he  degree  of  concordance  shown  is  good,  considering  the  ex- 
i  mental  difficulties  involved.  The  over-all  effect  is  compara¬ 


tively  small  until  the  container  is  almost  empty  and,  since  it  is 
in  the  direction  leading  to  greater  assurance  of  getting  the  re¬ 
quired  minimum  concentration,  not  very  important  in  the  actual 
application  of  the  insecticide.  It  might  be  important,  however, 
to  a  manufacturer  filling  small  containers  from  a  large  one.  The 
last  containers  to  be  filled  will  contain  more  insecticide  than  the 
first  unless  some  compensatory  measures  are  taken.  It  is  also 
important  when  samples  of  solution  are  being  used  for  test  pur¬ 
poses  as  a  standard  of  comparison.  In  precise  laboratory  tests  it 
would  be  good  practice  to  use  not  more  than  50%  of  the  original 
solution.  The  simplest  procedure  in  the  commercial  filling  of 
aerosol  containers  is  to  add  sufficient  pure  Freon  to  the  reservoir 
at  intervals  to  maintain  approximately  the  original  concentration. 
This  procedure  is  used  by  some  present  aerosol  manufacturers. 

Although  the  foregoing  discussion  has  been  based  wholly  on 
data  pertaining  to  dichlorodifluoromethane,  the  formula  de¬ 
veloped  will  obviously  apply  to  all  liquefied-gas  solutions  for 
which  the  densities  of  the  liquid  and  gaseous  phases  remain 
reasonably  constant  during  evaporation. 
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A  Modified  Bailey  Buret 

LOREN  HAMMACK  AND  CHESTER  L.  NAEGELIN1 
Chemical  Laboratory,  San  Antonio  ASF  Depot,  Grayson  Street  Station,  San  Antonio  8,  Texas 


[IE  San  Antonio  Army  Service  Forces  Depot  Laboratory  has, 
or  some  time,  been  analyzing  large  numbers  of  samples  of 
ronnaise  and  other  semisolid  salad  dressings.  Tests  have  been 
lie  according  to  the  methods  of  the  Association  of  Official 
ficultural  Chemists  ( 1 ). 

’eighing  out  such  samples  with  the  Bailey  weighing  buret  (2) 
i  never  proved  satisfactory.  The  only  size  available  to  the 
liors  has  been  the  30-ml.  capacity  which  holds  an  insufficient 
litity  of  salad  dressing  if  duplicate  determinations  are  to  be 
le.  Salad  dressings,  moreover,  are  of  such  consistency  that 
je  is  almost  no  flow  of  material  from  the  tip  of  the  buret  due 
Iravity  alone.  Forcing  the  sample  out  with  the  plunger  is  a 
If  slow  process  and  results  in  the  accumulation  of  a  considerable 
litity  of  material  on  the  adapter  and  on  that  portion  of  the 
which  projects  above.  Such  a  situation  inevitably  results 
|>ss. 

fairly  simple  modification  of  the  Bailey  buret  was  decided 
as  the  best  solution  of  this  problem.  The  changes  involved 
I;  enlarging  the  buret  to  a  capacity  of  100  ml.,  straightening 
Ithe  top  of  the  buret  completely,  eliminating  the  constriction, 
padding  a  plunger  to  go  down  inside  the  buret  and  around  the 
All  clearances  were  kept  to  a  minimum. 

et  A  is  constructed  from  51-mm.  Pyrex  glass  tubing  with 
e  50/12  f  joint  at  top  and  inside  15/20  and  outside 
T  joint  at  the  constricted  bottom.  Distance  between 
joint  and  beginning  of  constriction  is  50  mm.  Flask  B  has 
e  15/20  y  joint  and  over-all  diameter  of  67  mm.  Plug  C 
nm.  glass  rod,  165  mm.  in  length  (over-all),  and  contains  in- 
)/18  y  joint. 

j  unger  I)  is  of  18-8  8-mm.  (l/32-inch)  stainless  steel,  consisting 
,  tube  and  disk  spot-welded  together.  Inside  diameter  of 
1  and  diameter  of  disk  are  of  size  to  give  snug  fitting  around 
l  and  inside  buret,  respectively.  Adapter  or  stopper  E  is 
j>w-ground  and  has  inside  50/12  joint  and  orifice  to  fit  over 

lie  niodified  buret  is  filled  while  sitting  on  the  flask  base  B, 
I  plug  C  in  place.  Plunger  D  is  then  fitted  around  the  plug 

resent  address,  San  Antonio  Air  Depot,  Kelly  Field,  Texas. 


and  allowed  to  rest  on  the  material 
The  adapter,  E,  is  finally  placed 
in  position,  and  the  assembly  is 
weighed.  To  remove  the  sample, 
the  plug  is  raised  and  held  in  open 
position  and,  with  the  same  hand, 
the  plunger  is  pressed  downward, 
forcing  out  the  material.  When 
enough  sample  has  been  taken, 
the  plug  is  pushed  into  the  joint, 
pressing  out  the  last  drop  before 
the  buret  is  returned  to  the 
flask. 

It  is  immediately  apparent  that 
the  total  weight  of  the  assembly, 
filled,  is  too  great  for  the  capacity 
of  an  ordinary  analytical  balance. 
The  assumption  is  that  the  larger 
samples  are  to  be  weighed  on  a 
more  rugged  balance,  an  accuracy 
of  0.1  or  at  most  0.01  gram  being 
adequate. 

The  modified  Bailey  buret  should 
find  use  in  analyzing  samples, 
such  as  soft  grease,  paste  paints, 
certain  asphalts,  water-repellent 
emulsions,  and  other  semisolid  materials.  The  plunger,  too, 
can  always  be  removed  and  the  buret  can  be  used  to  an  ad¬ 
vantage  for  any  bulky  sample 

Satisfactory  working  models  ot  this  buret  were  obtained  from 
the  Scientific  Glass  Company,  Bloomfield,  N.  J.,  and  have  been 
in  continuous  use  with  marked  success  during  the  past  year. 
Steps  are  now  being  taken  to  remove  minor  defects  in  the  design. 
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Determination  of  Vitamin  A  Content  of  Margarine 

Spectrophotometric  Method 

R.  H.  NEAL  AND  F.  H.  LUCKMANN,  The  Best  Foods,  Inc.,  Bayonne,  N.  J. 


A  spectrophotometric  method  for  the  determination  of  vitamin  A 
in  commercial  margarine  has  been  developed.  It  is  based  on  the 
destruction  of  vitamin  A  in  a  portion  of  a  solution  of  the  unsaponi- 
fiable  fraction  of  margarine  fat  by  ultraviolet  light  irradiation,  and  the 
use  of  this  devitaminized  solution  as  a  control  for  the  spectrophoto¬ 
metric  determination  of  vitamin  A  in  a  second  portion  of  the  original 
unsaponifiable  solution  not  irradiated  with  ultraviolet  light.  The 
validity  of  the  method  is  established  by  a  comparison  of  the  results 
obtained  with  results  of  biological  assays  made  on  identical  samples. 

HE  need  for  a  rapid  and  accurate  method  for  the  determina¬ 
tion  of  the  vitamin  A  content  of  margarine  has  existed  as  long  as 
margarine  has  been  fortified  with  vitamin  A,  but  has  become  more 
pressing  during  the  last  few  years  as  a  result  of  the  present  gov¬ 
ernmental  nutritional  program  which  encourages  the  enrichment 
and  fortification  of  certain  foods  with  essential  nutrients.  In 
1941,  a  federal  definition  and  standard  of  identity  for  oleomarga¬ 
rine  (7)  was  promulgated,  which  requires  that  margarine  vita¬ 
minized  with  vitamin  A  must  carry  not  less  than  9000  U.S.P. 
units  of  vitamin  A  per  pound  in  the  finished  margarine.  Since 
this  standard  has  been  in  effect,  almost  all  margarines  on  the 
market  carry  vitamin  A;  hence,  a  dependable  and  rapid  method 
for  determination  of  vitamin  A  in  finished  margarine  has  recently 
become  relatively  more  important. 

The  biological  method  is  too  time-consuming  for  production 
control  purposes.  In  addition,  wide  variations  in  results  ob¬ 
tained  by  the  biological  method  must  be  expected  (£),  leaving 
much  to  be  desired  from  the  standpoint  of  accuracy.  A  physical- 
chemical  method  is  therefore  desirable. 

,  LITERATURE  REVIEW 

There  is  relatively  little  published  work  on  this  subject.  How¬ 
ever,  sufficient  work  has  been  published  to  indicate  an  interest  in 
this  matter. 

Edisbury  (6),  in  describing  vitamin  A  assay  methods  with  spe¬ 
cial  reference  to  margarine,  pointed  out  that  the  ultraviolet  ab¬ 
sorption  method,  even  when  applied  to  the  unsaponifiable  frac¬ 
tion  of  the  oil,  is  unreliable  for  margarine,  because  of  residual  ab¬ 
sorption  of  unsaponifiable  constituents  other  than  vitamin  A. 
He  suggested  a  spectrophotometric  measurement  of  the  absorp¬ 
tion  due  to  the  antimony  trichloride  color  reaction,  made  on  the 
unsaponifiable  fraction  of  margarine  fat,  as  an  alternative  to  the 
biological  assay  of  margarine.  The  authors’  experience  with 
measuring  the  intensity  of  the  antimony  trichloride  color  reaction 
as  a  means  of  estimating  vitamin  A  has  led  them  to  believe  that 
the  intensity  of  color  produced  with  antimony  trichloride  varies 
considerably  with,  slight  and  oftentimes  practically  unavoidable 
variations  in  details  of  technique  and  instruments  used.  Hence 
considerable  variations  in  results  would  be  expected  among  differ¬ 
ent  operators  and  different  laboratories  using  the  antimony  tri¬ 
chloride  method  of  vitamin  A  determination  for  control  purposes. 
In  addition,  certain  ingredients  used  in  some  margarines  tend  to 
alter  the  color  produced  by  the  action  of  antimony  trichloride  on 
vitamin  A. 

Oser  (10)  indicates  that  an  adaptation  of  the  Dann  and  Evelyn 
(3)  antimony  trichloride  method  is  useful  for  a  quantitative  con¬ 
trol  of  vitamin  A  in  margarine.  The  improvements  in  this 
method  consist  of  a  correction  for  side  reactions  which  sometimes 
develop  interfering  color  or  turbidity,  and  the  inclusion  of  a  den¬ 
sity  measurement  produced  by  the  addition  of  a  known  increment 
of  vitamin  A.  The  Evelyn  photoelectric  colorimeter  is  claimed  to 
increase  the  accuracy  of  reading  the  blue  color  developed  at  its 
maximum  intensity.  However,  this  method  still  depends  on 
being  able  to  read,  at  its  maximum  intensity,  the  unstable  and 
somewhat  fleeting  color  developed  by  the  reaction  of  antimony 
trichloride  with  vitamin  A.  The  instability  of  the  color  de¬ 
veloped  is  troublesome  for  control  purposes. 


This  laboratory  (9)  has  published  a  spectrophotometric  met! 
for  determination  of  vitamin  A  in  _  dairy  butter,  based  on : 
the  fact  that  vitamin  A  is  characterized  by  a  maximum  abst 
tion  at  the  3280  A.  band  and  can  be  measured  by  determii 
the  intensity  of  absorption  in  the  ultraviolet  region  at  this  (3 
A.)  wave  length,  as  pointed  out  by  Morton  et  al.  ( 5 ,  8)  and 
the  fact  that  vitamin  A  is  destroyed  by  ultraviolet  light;  wit 
recent  years,  Demarest  (4)  has  published  the  results  of  his  stui 
on  the  destructive  irradiation  of  vitamin  A.  Thus  by  destroy 
the  vitamin  A  (and  carotene)  in  a  portion  of  the  unsaponifif 
fraction,  a  control  is  obtained  for  the  spectrophotometric  de 
mination  of  the  vitamin  A  and  carotene  contained  in  the  sam 
This  method  is  considered  to  yield  satisfactory  results. 

EXPERIMENTAL 

Attempts  were  made  to  apply  this  spectrophotometric  met 
(5)  to  margarine,  following  the  procedure  used  for  dairy  but 
however,  certain  modifications  are  necessary.  The  difficul 
apparently  are  due  primarily  to  the  fact  that  the  unsaponifif 
content  of  domestic  U.  S.  vegetable  oils,  from  which  most  pres< 
day  U.  S.  margarines  are  made,  differs  considerably,  both 
composition  and  amount,  from  the  unsaponifiable  content 
butterfat.  Another  factor  concerned  is  the  fact  that  buttei 
may  be  more  readily  saponified  than  domestic  vegetable  oils. 

Preliminary  experimental  work  indicated  that  most  progi 
could  be  made  by  modifying  the  method  as  applied  to  dairy  but 
( 9 )  in  the  following  respects: 

1.  Increasing  saponification  time  in  order  to  ensure  comp! 
saponification  of  the  margarine  fat  before  extraction  of  the 
saponifiable  matter. 

2.  Increasing  the  number  of  extractions  and  the  quantity, 
solvent  used  for  extraction  of  the  unsaponifiable,  in  order  to 
sure  complete  extraction  of  the  unsaponifiable  material  contain 
vitamin  A. 

3.  Increasing  the  time  of  ultraviolet  light  irradiation  of 
unsaponifiable  in  solvent  solution,  in  order  to  overcome 
masking  effect  of  the  relatively  large  amount  of  unsaponifia 
material  present  in  margarine  fat  and  thus  to  obtain  compl 
destruction  of  the  vitamin  A  contained  therein. 

For  use  in  this  determination,  all  solvents  must  be  exceedin 
pure — a  point  which  cannot  be  overemphasized.  The  solv 
for  the  unsaponifiable  material  extracted  from  the  oil  must 
optically  clear,  must  possess  adequate  solvent  power  to  hold 
solution  at  normal  room  temperatures  the  amount  of  unsapc 
fiable  present  in  the  sample,  must  be  of  sufficiently  high  boil 
point  to  permit  long  exposures  under  an  ultraviolet  lamp  wh 
generates  considerable  heat,  and  must  have  no  destructive  effe 
upon  the  vitamin  A  dissolved  therein,  at  least  for  several  hours 

The  authors  have  found  either  cyclohexane  or  methyl  eye 
hexane,  specified  as  “purified  for  spectrophotometric  use  a 
free  of  extraneous  ultraviolet  absorption”  and  obtained  fr 
Eastman  Kodak  Company,  Rochester,  N.  Y.,  to  be  satisfacte 
in  most  instances  ( 9 ).  Vitamin  A  is  stable  in  either  of  these  s 
vents  for  several  days,  provided  that  the  solutions  are  stored 
the  dark,  and  the  solvents  themselves  are  sufficiently  pure. 

It  has  been  the  authors’  practice  to  verify  the  suitability  of  ea 
lot  of  either  cyclohexane  or  methyl  cyclohexane  by  spectropho 
metric  comparison  with  a  sample  of  known  purity.  A  sample 
considered  usable  only  if  it  shows  no  extraneous  absorption  in  t 
region  between  5000  and  2200  A. ;  extraneous  absorption  wit! 
this  range  is  considered  evidence  of  impurities  and  the  mater 
is  rejected.  A  method  satisfactory  for  the  purification  of  eye 
hexane  containing  a  small  amount  of  impurities  has  been  giv 
( 9 ),  but  is  not  satisfactory  for  the  purification  of  methyl  eye 
hexane. 

The  ether  and  alcohol  used  for  extracting  the  unsaponifial 
material  must  be  especially  pure  and  free  of  peroxides,  in  order 
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roid  oxidation  of  the  extracted  vitamin  A. 
hese  solvents  must  be  carefully  purified  be- 
!re  use,  even  though  the  best  grades  are  pur- 
liased.  A  method  for  the  purification  of 
ihydrous  c.p.  ethyl  ether  was  given  in  a  pre- 
lous  publication  (5).  Specially  denatured 
o.  30  alcohol  can  be  satisfactorily  purified 
l|r  an  A.O.A.C.  method  (/). 

Repeated  attempts  have  demonstrated  that 
e  vitamin  A  content  of  whole  margarine  fat 
i  iitaminized)  cannot  successfully  be  destroyed 
1 r  ultraviolet  light  irradiation,  using  avail- 
>le  ultraviolet  light  equipment.  However, 

te  vitamin  A  content  of  the  unsaponifiable 
iction  of  margarine  fat  can  be  destroyed  by 
ense  and  ultraviolet  irradiation.  A  con- 
erably  more  transparent  solution  of  the 
tracted  unsaponifiable,  in  the  range  below 
jout  3200  A.,  results  from  the  intense  ultra- 
liolet,  irradiation  required  to  destroy  com- 
etely  the  vitamin  A  in  the  unsaponifiable 
laction  of  margarine  fat;  at  3280  A.,  the  in- 
leased  transparency  due  to  the  action  of 
«traviolet  light  on  unsaponifiable  materials 
i  her  than  vitamin  A  is  so  small  as  to  be  neg¬ 
ated  for  all  practical  purposes.  This  point 
]  demonstrated  by  the  results  shown  in 
Able  I. 

The  points  covered  in  Table  I  are  further 
iustrated  in  Figure  1,  in  which  are  shown 
itra violet  absorption  curves  obtained  on  sarn¬ 
ies  not  included  in  the  table.  These  curves, 
1 1  obtained  from  the  unsaponifiable  fractions 
■  the  same  stock  of  margarine  oil,  serve  to 
nphasize: 


The  absorption  due  to  constituents  other 
an  vitamin  A  in  margarine  oil  unsaponifi- 
i>le. 

Ultraviolet  irradiation  of  the  unsaponifiable 
ction  of  a  vitaminized  oil  produces  a  ma- 
■ial  which  shows  no  vitamin  A  characteris- 
s  spectrophotometrically.  This  irradiated  material  shows 
absorption,  at  the  point  of  maximum  vitamin  A  absorption,  in 
onably  close  agreement  with  that  of  the  nonvitaminized, 
nirradiated,  unsaponifiable  fraction  of  the  same  oil. 

Irradiation  increases  the  transparency  of  the  unsaponifiable 
laction  in  regions  below  about  3200  A. 

Irradiation  of  the  unsaponifiable  fraction  of  a  vitaminized  mar- 
irine  oil  produces  a  control  for  spectrophotometric  vitamin  A 
i  terminations,  which  gives  results  in  reasonably  close  agreement 
’  th  those  obtained  by  use  of  the  unsaponifiable  fraction  of  the 
ime  oil  before  vitaminizing. 

The  curve  (curve  5)  obtained  by  the  method  described  herein 


Table  I.  Effect  of  Irradiation 

i,ompari8on  of  controls  used  in  the  unsaponifiable  method  for  determina¬ 
tion  of  vitamin  A  in  margarine  oil.  Duplicate  determinations) 


Curves 


(1)  Irradiated  unsaponifiable  fraction  of 
vitaminized  margarine  oil  vs.  solvent 
control 

(S)  Nonirradiated  unsaponifiable  frac¬ 
tion  of  same  margarine  oil  before  vitamin¬ 
izing  vs.  solvent  control 

(3)  Nonirradiated  unsaponifiable  frac¬ 
tion  of  same  vitaminized  margarine  oil 
vs.  nonirradiated  unsaponifiable  fraction 
of  same  oil  before  vitaminizing  (both 
in  solvent) 

(4)  Nonirradiated  unsaponifiable  fraction 
of  same  vitaminized  margarine  oil  vs. 
solvent  control 

(5)  Nonirradiated  unsaponifiable  fraction 
of  same  vitaminized  margarine  oil  vs. 
same  material  after  irradiation  (both  in 
solvent) 


exhibits  a  vitamin  A  peak  at  the  region  of 
maximum  vitamin  A  absorption. 

The  following  method  is  based  on  the  de¬ 
struction  of  vitamin  A  in  a  portion  of  a  cyclo¬ 
hexane  (or  methyl  cyclohexane)  solution  of 
the  unsaponifiable  fraction  of  margarine  fat 
by  ultraviolet  light  and  the  use  of  this  de- 
vitaminized  solution  as  a  control  for  the  spec¬ 
trophotometric  determination  of  vitamin  A 
in  a  second  portion  of  the  original  unsaponifi¬ 
able  solution  not  irradiated  with  ultraviolet 
light. 

EQUIPMENT  USED 

Spectrophotometer.  Adam  Hilger,  Ltd., 
intermediate  quartz  spectrograph  with  Spek- 
ker  photometer,  equipped  with  tungsten  steel 
electrodes  as  a  source  of  light.  Quartz  ab¬ 
sorption  cells,  Hilger  Type  C,  1-cm.  quartz 
Kjeldahl-shaped  flasks,  25  cc. 

Beckman  quartz  spectrophotometer,  Model 
D,  manufactured  by  National  Technical  Labo¬ 
ratories,  South  Pasadena,  Calif.  Equipped 
with  tungsten  lamp  light  source,  cesium  oxide 
and  blue  sensitive  phototubes,  and  Corex 
absorption  cells  (1-cm.  square  type). 

Both  instruments  have  been  used  with 
equally  satisfactory  results  for  this  determina¬ 
tion. 

Ultraviolet  Lamp.  Uviarc  poultry 
treater,  Type  RT,  Spec.  100,  Cooper-Hewitt 
Electric  Co.,  Hoboken,  N.  J.  A  more  com¬ 
plete  description  of  this  lamp,  together  with 
a  reference  for  obtaining  its  spectral  radiation, 
has  been  given  ( 9 ). 

METHOD 


j  Sample 
No. 


Irradiated  Un¬ 
saponifiable  of 
Vitaminized 
Margarine  Oil 

Nonirradiated 

vs.  Nonirradi¬ 

Irradiated 

Unsaponifiable 

ated  Unsaponi¬ 

of  Oil  before 

fiable  of  Same 

Date 

Unsaponifiable 

Vitaminizing 

Oil  before 

Analyzed 

Control 

as  Control 

Vitaminizing 

U.S.P.  units  of  vitamin  A  per 

pound  of  margarine 

6-11-42 

13,600 

14,000 

600 

13,600 

14,000 

600 

6-17-42 

15,000 

14,200 

600 

16,100 

15,100 

600 

amples  prepared  under  authors’  supervision,  with  process  samples  avail- 
le  for  use  in  this  experimental  work. 


Extraction  of  Unsaponifiable  Mate¬ 
rial.  Melt  the  margarine  in  a  water  bath  at 
about  60°  C.,  and  separate  the  fat  by  filtra¬ 
tion  through  a  Whatman  No.  12  folded  filter 
paper  (or  other  equivalent  paper). 

Saponify  20  grams  of  the  separated  and 
filtered  fat  with  30  cc.  of  alcoholic  potassium 
hydroxide  (200  grams  per  liter  of  specially  denatured  No.  30 
alcohol)  by  boiling,  with  suitable  reflux  arrangement,  for  15 
minutes. 

Dilute  the  alcoholic  solution  with  water  to  approximately  4 
volumes  and  cool  in  an  ice-water  bath.  Extract  the  unsaponifi¬ 
able  material  with  cold  ethyl  ether.  At  least  six  extractions,  with 
the  following  successive  amounts  of  ether,  are  required  for  com¬ 
plete  removal  of  the  unsaponifiable  material:  200,  150,  100,  50, 
50,  50  cc.  (Both  the  ether  and  alcohol  must  be  very  carefully 
purified  immediately  before  use.  This  is  essential  for  dependable 
results.)  Vigorous  shaking  is  also  necessary  for  complete  re¬ 
moval  of  the  unsaponifiable  material.  The  sample  should  be 
adequately  protected  from  sunlight  during  extraction. 

Composite  the  ether  extracts  and  wash  with  150-cc.  portions 
of  distilled  water  until  substantially  free  of  soap.  (There  should 
be  no  appreciable  turbidity  developed  after  acidifying  the  wash 
water  with  10%  hydrochloric  acid.)  Adequate  precautions 
should  be  taken  to  avoid  troublesome  emulsions;  the  first  two 
water  washes  should  be  made  by  merely  pouring  the  water 
through  the  ether  without  shaking. 

Filter  the  ether  solution  through  filter  paper  and  concentrate 
to  25  to  50  cc.  by  distillation  on  a  steam  bath.  Remove  the  re¬ 
mainder  of  the  ether  by  evaporating,  on  a  steam  bath,  under  a 
stream  of  carbon  dioxide  to  prevent  oxidation.  When  substan¬ 
tially  all  the  ether  has  been  evaporated,  cool  immediately  to  about 
20°  C.  (70°  F.)  and  dissolve  the  unsaponifiable  material  in  op¬ 
tically  clear  cyclohexane  or  methyl  cyclohexane.  Make  a  solu¬ 
tion  up  to  50  cc.  (40%  solution  weight  to  volume,  on  original  fat 
basis).  Filter  and  store  in  the  dark  at  about  4°  to  10°  C.  (40° 
to  50°  F.)  until  the  sample  is  examined  spectrophotometrically, 
but  not  longer  than  48  hours. 

Spectrophotometric  Determination  of  Vitamin  A.  Di¬ 
vide  the  cyclohexane  (or  methyl  cyclohexane)  solution  of  unsa¬ 
ponifiable  material  into  two  parts,  and  irradiate  one  portion 
under  the  Uviarc  as  follows:  Transfer  the  solution  to  be  irradi¬ 
ated  into  a  25-cc.  Kjeldahl-shaped  quartz  flask,  and  stopper  the 
flask  with  a  cork  wrapped  in  aluminum  foil.  Allow  at  least  10 
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minutes  for  the  lamp  to  come  to  full  operating  temperature  be¬ 
fore  starting  irradiations. 

Support  the  flask  in  such  a  position  that  the  cork  rests  against 
the  rim  of  the  lampshade  (the  lamp  in  use  is  equipped  with  a 
shade  21  cm.,  14  inches,  in  diameter)  and  the  bulb  of  the  flask  is 
held  about  10  cm.  (4  inches)  away  from  the  mercury  tube  of  the 
lamp.  Place  a  sheet  of  aluminum  foil  about  7.5  cm.  (3  inches)  be¬ 
low  the  flask  being  irradiated,  in  order  to  reflect  the  light  back 
toward  the  sample.  Agitate  the  sample  every  15  minutes  by 
gently  tapping  the  flask,  for  example,  with  a  pencil.  Allow  the 
sample  to  heat  up  as  much  as  the  lamp  will  heat  it,  provided  that 
the  temperature  does  not  reach  the  boiling  point  of  the  solvent 
being  used. 

Irradiate  until  the  vitamin  A  has  been  destroyed.  Under  the 
authors’  conditions,  approximately  2.5  hours  have  been  required 
for  complete  destruction  of  the  vitamin  A  contained  in  this  con¬ 
centration  of  margarine  fat  unsaponifiable.  Destruction  of  vita¬ 
min  A  can  be  estimated  by  the  Carr-Price  test,  and  the  time  of  ir¬ 
radiation  required  for  the  ultraviolet  lamp  in  use  can  be  estab¬ 
lished  spectrophotometrically  by  irradiating  until  there  is  no 
further  decrease  in  absorption  of  the  irradited  sample  at  3280  A. 

After  cooling  to  about  21°  C.  (70°  F.),  filter  the  irradiated 
solution,  which  must  be  clear  and  colorless,  and  determine  vita¬ 
min  A  in  the  nonirradiated  solution  by  means  of  the  spectro¬ 
photometer  (1-cm.  cells),  using  the  ultraviolet  irradiated  solution 
as  a  control.  With  the  Hilger  spectrophotometer,  expose  the 
plates  at  density  settings  ranging  from  0  to  1.50  in  increments  of 
0.05,  with  the  exposure  time  graduated  up  to  about  2  seconds  on 
Eastman  No.  33  plates.  These  plates  are  satisfactorily  devel¬ 
oped  with  Eastman  D72,  diluted  1  to  2.  Considerable  time  can 
be  saved,  without  any  sacrifice  in  accuracy,  by  using  a  Beckman 
spectrophotometer.  For  this  instrument,  1-cm.  square  type 
Corex  absorption  cells  are  satisfactory.  A  tungsten  lamp  in¬ 
stead  of  a  hydrogen  discharge  tube  can  be  satisfactorily  used  as  a 
source  of  ultraviolet  light. 

Read  the  match  point  (or  density)  at  3280  A.,  and  calculate  the 
E i  value  of  the  sample  under  test.  The  difference  in  ab- 

.  o 

sorption  at  3280  A.,  between  the  nonirradiated  and  irradiated 
sample,  is  a  measure  of  the  vitamin  A  content  of  the  sample. 


This  method  has  been  successfully  used  for  determining  the 
vitamin  A  content  of  a  variety  of  domestic  vegetable  oil  marga¬ 
rines,  but  no  attempts  have  been  made  to  apply  the  method  to 
animal  fat  margarines  or  to  coconut  oil  type  margarines. 

Calculations 


Match  point  (or  density)  at  3280  A. 

4Q  ~ '  ‘  s\  Zi'ixj  X  454  — 

U.S.P.units  of  vitamin  A  per  pound  of  margarine  fat 


%  fat  in  sample  X  U.S.P.  units  of  vitamin  A  per  pound 
of  butterfat 

100  = 
U.S.P.  units  of  vitamin  A  per  pound  of  margarine 

These  calculations  are  based  on  2140  as  the  conversion  factor 
for  vitamin  A. 

Derivation  of  Conversion  Factor  of  2140.  The  conver¬ 
sion  factor  to  be  used  for  converting  from  uj  value  at  3280  A., 

to  U.S.P.  units  of  vitamin  A  per  gram  of  oil,  was  determined  for 
the  instruments  employed  by  use  of  the  U.S.P.  standard  of  ref¬ 
erence  cod  liver  oil.  The  method,  consisting  of  e)%  value  de¬ 
terminations,  made  by  the  instrument  being  calibrated,  on  the 
unsaponifiable  fraction  of  U.S.P.  standard  of  reference  cod  liver 
oil  containing  3000  U.S.P.  units  per  gram  of  oil,  has  been  de¬ 
scribed  (9).  The  saponification  and  extraction  procedure  used 
for  removal  of  the  unsaponifiable  material  from  the  reference  cod 
fiver  oil,  for  spectrophotometric  studv,  is  a  modification  of  the 
procedure  published  by  Wilkie  (12). 


Table  II  shows  the  results  of  conversion  factor  determinations 
made  with  the  Hilger  spectrophotometer,  using  the  current  U.S.P. 
standard  of  reference  cod  liver  oil  containing  1700  U.S.P.  vitamin 
A  units  per  gram  of  oil.  These  determinations  include  results 
obtained  by  the  use  of  both  cyclohexane  and  methyl  cyclohexane 
as  solvents.  In  order  to  minimize  the  effect  of  any  possible 
instability  of  the  U.S.P.  reference  oil,  fresh  or  practically  fresh 


Table  II.  Establishment  of  Conversion  Factor  (Hilger  Spectro¬ 
photometer) 


Date  of 

Per  Cent 
Solution 

Match 

Pl% 

Coriver 

Determin¬ 

(Original 

Point 

hi* 

1  cm. 

sion 

ation 

Oil  Basis) 

Solvent 

at  3280  A. 

Value 

Factor 

2-28-41 

1.000 

Cyclohexane 

0.795 

0.795 

2138 

2-28-41 

1.000 

Methyl 

0.795 

0.795 

2138 

6-12-42 

1.000 

cyclohexane 

Methyl 

0.790 

0.790 

2152 

8-4-42 

1.000 

cyclohexane 

Methyl 

0.790 

0.790 

2152 

8-4-42 

1.000 

cyclohexane 

Methyl 

0.800 

0.800 

2125 

8-18-42 

1.000 

cyclohexane 

Methyl 

0.795 

0.795 

2138 

cyclohexane 

Av. 

2137 

Conversion  factor  of  2140  used.  Similar  results  were  obtained  bv  use  o 
Beckman  spectrophotometer. 

Determinations  dated  2-28-41,  6-12-42,  and  8-4-42  were  made  on  fres 
samples  of  reference  oil,  not  previously  opened.  Determination  data 
8-18-42  was  made  on  same  sample  used  on  8-4-42  after  storage  for  2-wee! 
interim  at  7°  C.  (45°  F.)  in  the  dark  and  under  an  atmosphere  of  carbon  di 
oxide. 


samples  of  the  reference  oil  were  used  for  each  determinatioi 
as  indicated. 

Expected  Accuracy  of  Method.  In  order  to  determine  thi 
limit  of  vitamin  A  recovery  and  the  degree  of  reproducibility 
which  might  be  expected  from  the  use  of  this  method,  severa 
lots  of  margarine  were  made  under  controlled  conditions 
Samples  of  the  oil  going  into  the  margarines  were  taken  befori 
the  vitamin  A-bearing  oils  were  added.  The  finished  margarine 
were  analyzed  by  the  above  method  and  the  oils  before  processinj 
into  margarine  were  analyzed  spectrophotometrically  as  whole  oil 
using  the  nonvitaminized  but  otherwise  identical  oil  sample  as  i 
control.  Typical  results  (Table  III)  show  that  very  close  to  theo 
retical  recovery  can  be  obtained  by  this  method,  and  that  thi 
results  are  reproducible  to  a  satisfactory  degree. 

Correlation  with  Biological  Assays.  In  order  to  deter 
mine  the  agreement  between  the  spectrophotometric  method  anc 
the  biological  U.S.P.  method,  several  samples  of  margarine  wer< 
analyzed  by  the  spectrophotometric  method  at  about  the  tim< 
that  portions  of  the  identical  prints  were  being  assayed  for  vita 
min  A  by  commercial  biological  laboratories. 


Table  III.  Reproducibility  and  Recovery  of  Vitamin  A 


Spectrophotometric 

Vitamin  A 

Analysis  of  Whole 

Found  by 

Irradiated 

Oil,  Using  Non- 

Irradiated 

Sample 

Determina- 

Unsaponifiable 

vitaminized 

Unsaponifi- 

No. 

tion  No. 

Method 

Control  Oil 

able  Method 

U.S.P.  units 

U.S.P.  units 

% 

I 

1 

15,500 

16,100 

96 

2 

15,100 

15,900 

95 

II 

1 

16,900 

16,900 

100 

2 

16,700 

16,300 

102 

III 

1 

15,100 

15,500 

97 

2 

15,700 

15,500 

101 

IV 

1 

15,300 

15,300 

100 

2 

15,100 

15,700 

96 

Av.  98.4 

All  samples  used  for  this  comparison  were  commercial  marga¬ 
rines,  received  in  their  original  containers;  included  were  several 
different  brands  of  margarine,  made  by  different  manufacturers, 
and  also  several  prints  of  one  single  brand  of  margarine.  The 
data  covering  the  comparison  of  results  obtained  by  the  above 
method  with  those  obtained  by  the  U.S.P.  biological  method  were 
built  up  over  a  period  of  approximately  one  year. 

In  order  to  obtain  sufficient  data  to  estimate  the  biological  vi¬ 
tamin  A  potency  of  these  samples  with  a  reasonable  degree  of  ac¬ 
curacy,  the  commercial  biological  laboratories  employed  for  this 
work  were  instructed,  in  most  instances,  to  feed  the  standard  of 
reference  cod  liver  oil  and  the  sample  of  margarine  under  test  at 
two  different  levels.  By  means  of  log-dose  interpolation  curves, 
plotting  weight  response  vs.  sample  weight  fed,  the  biological 
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Table  IV.  Comparison  of  Results  of  Spectrophotometric  vs.  Biological  Methods 

(Standard  of  reference  oil  containing  1700  U.S.P.  vitamin  A  units  per  gram  used) 


Spectrophotometric  . - - - U.S.P.  Biological  Method 


Method 

No.  of  Levels  Fed 

Daily  Dose 

Average  Gain  Weight 

Sample 

Brand 

Deter-  U.S.P.  units 

mina-  per  pound  of 

U.S.P. 

reference 

U.S.P. 

reference 

On 

reference 

On 

pound  of  margarine,  average 

No. 

tion  No.  margarine" 

oil 

Sample 

oil 

Sample 

oil 

sample 

curves" 

Mg. 

Mg. 

Grams 

Grams 

1 

A 

i 

9,700 

0.88 

56.7 

28.1 

23.1 

2 

3 

9,500 

9,300 

2 

2 

1.47 

94'.  5 

36  1 

35.0 

10,100 

Av. 

9,500 

2 

B 

1 

16,100 

0.88 

34.0 

30.3 

14.0 

2 

16,100 

2 

2 

6,900 

3 

15,900 

1.47 

56  7 

39.6 

20.9 

Av. 

16,000 

3 

C 

1 

15,300 

0.882 

53.4 

19.9 

28.9 

2 

15,100 

2 

2 

17,500 

3 

14,600 

1.176 

69.8 

29.0 

40.0 

Av. 

15,000 

4 

D 

i 

9,700 

0.882 

82.5 

19.9 

38  9 

2 

8,900 

2 

2 

15,300 

3 

9,100 

1 . 176 

113.5 

29  0 

51 . 3 

Av. 

9,200 

5 

E 

1 

16,300 

1.176 

100.9 

37.0 

51.9 

2 

16,100 

1 

1 

Over  9,000 

Av. 

16,200 

6 

E 

1 

11,500 

0.88 

45.4 

29.9 

27.9 

2 

11,300 

2 

2 

1.47 

75.6 

44.2 

40.3 

13,500 

Av. 

11,400 

7 

E 

i 

14,000 

0.88 

45.4 

28.5 

34.3 

2 

12,800 

2 

2 

1.47 

75  7 

51.1 

38.4 

14,200 

Av. 

13,400 

8 

E 

1 

16,100 

0.882 

19.9 

2 

15,900 

2 

i 

1.176 

100.9 

29.0 

57.0 

21,400 

Av. 

16,000 

9 

E 

1 

15,200 

0.88 

45.4 

30.3 

28.3 

10 

E 

1 

2 

2 

1.47 

75.6 

48.2 

35.0 

12,300 

12,500 

0.88 

45.4 

40.3 

37.4 

11 

13,400 

2 

2 

1.47 

75.6 

57.3 

43.3 

11,800 

E 

1 

0.88 

45.4 

31.4 

31.8 

14,000 

2 

2 

17,200 

3 

14,000 

1.47 

75.6 

38.6 

4  i .  9 

Av. 

13,800 

12 

E 

1 

14,200 

1 

1 

1.176 

100.9 

35.5 

47.3 

13 

E 

1 

13,400 

2 

2 

0.88 

45.4 

30.2 

37.8 

18,700 

14 

E 

1.47 

75.6 

43.8 

47.8 

1 

16,500 

0.88 

45.4 

28.9 

32.8 

v.  (excluding 

N  08. 

5  and  12,  on 

2 

2 

1.47 

75.6 

44.3 

55.1 

18,300 

which  only  single 

level  bio-tests 

are  available) 

13,491 

14,766 

a  Results  rounded  off  to  nearest  100  units. 

itamin  A  potency  was  estimated  as  the  average  of  the  response 
om  the  levels  fed.  All  biological  tests  were  made  by  the  U.S.P. 
ethod.  Two  commercial  biological  laboratories,  Food  Research 
aboratories,  Long  Island  City,  N.  Y.,  and  the  Laboratory  of 
itamin  Technology,  Chicago,  Ill,,  carried  out  the  biological  tests, 
owever,  each  sample  was  bio-tested  by  only  one  of  the  biological 
boratories. 

The  comparative  results,  shown  in  Table  IV,  demonstrated 
lat  consistent  and  reproducible  results  are  obtained  by  the 
>ectrophotometric  method;  these  results  are  in  as  reasonable 
jreement  with  the  U.S.P.  biological  method  as  could  be  expected 
hen  the  known  variation  in  results  obtained  by  the  biological 
ethod  is  considered  (11).  It  is  significant  that  while  in  this 
>mparison  the  biological  method  gave  somewhat  higher  results 
lan  the  spectrophotometric  method  on  some  samples,  the  re- 
srse  was  true  on  other  samples,  and  the  average  of  all  the 
mples  analyzed  by  the  spectrophotometric  method  is  in  very 
ose  agreement  with  the  average  of  the  same  samples  tested  by 
te  biological  method. 

A  similar  condition  has  been  found  to  exist  when  comparing 
ological  results  obtained  by  different  biological  laboratories  on 
entical  samples  of  vitamin  A-bearing  oils.  A  separate  publica- 
i>n  (11)  covers  several  years’  experience  with  vitamin  A-bearing 
Is  used  for  enriching  margarine  and  reports  biological  results 
>tained  by  two  different  laboratories  on  each  of  eleven  large  lots. 


The  average  of  the  results  on  all  samples  obtained  by  the  two 
laboratories  agree  to  within  3%  although  results  on  individual 
samples  showr  variations  ranging  from  2  to  95%. 

Thus  some  individual  variations  in  results  obtained  by  spectro¬ 
photometric  and  biological  methods,  as  shown  in  Table  IV,  must 
be  expected  because  of  the  relatively  poor  reproducibility  of  the 
biological  method.  The  results  on  most  individual  samples  com¬ 
pared  by  the  two  methods  show  reasonably  good  agreement  in 
vitamin  A  potency.  These  results  are  considered  to  confirm  the 
validity  of  the  spectrophotometric  method  described  above. 

SUMMARY 

A  spectrophotometric  method  for  the  determination  of  vitamin 
A  in  margarine  is  based  on  the  destruction  of  vitamin  A  in  a  por¬ 
tion  of  a  solution  of  the  unsaponifiable  fraction  of  margarine  fat 
by  ultraviolet  irradiation,  and  the  use  of  this  devitaminized  solu¬ 
tion  as  a  control  for  the  spectrophotometric  determination  of 
vitamin  A  in  a  second  portion  of  the  original  unsaponifiable  solu¬ 
tion  not  irradiated  with  ultraviolet  light.  This  method  gives 
consistent  and  reproducible  results,  and  practically  complete  re¬ 
covery  of  the  vitamin  A  contained  in  margarine.  Two  satisfac¬ 
tory  solvents  and  two  satisfactory  instruments  for  this  determina¬ 
tion  are  described.  The  validity  of  the  method  has  been  dem¬ 
onstrated  by  comparison  with  the  U.S.P.  biological  method  on 
identical  samples,  by  feeding  both  the  sample  under  test  and  the 
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U.S.P.  standard  of  reference  oil  at  multiple  levels  and  estimating 
the  biological  vitamin  A  potency  from  log-dose  interpolation 
curves. 
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Qualitative  Differentiation  of  the  Methylcarbinols 

and  Methyl  Ketones 

JONAS  KAMLET,  Chemical  Research  Division,  Miles  Laboratories,  Inc.,  New  York,  N.  Y. 


Compounds  yielding  positive  Lieben  iodoform  reactions  may  be 
either  methyl  ketones  or  methylcarbinols.  On  reaction  with  a 
reagent  containing  o-nitrobenzaldehyde  in  alkaline  solution, 
only  the  methyl  ketones  will  form  indigo  and  may  thus  be  dis¬ 
tinguished  readily  from  the  methylcarbinols. 


Compound  II  then  cyclizes  in  the  presence  of  the  alkali: 


—NO 


OH- 


/\ 


-CO .  CH2 .  CO .  R 


—  N 


^C— COR 


(III 


IN  THE  course  of  a  recent  investigation,  a  simple  and  rapid 
method  was  needed  for  the  qualitative  differentiation  of 
methyl  ketones  and  methylcarbinols.  The  valuable  Lieben 
iodoform  reaction  (7)  has  long  been  used  to  detect  the  grouping 
CH3CO —  when  joined  to  a  hydrogen  atom,  or  to  a  carbon  atom 
which  does  not  carry  highly  activated  hydrogen  atoms,  or  groups 
capable  of  exerting  excessively  high  steric  hindrance.  However, 
the  corresponding  methylcarbinols  (CH3CHOH — )  will  also 
give  the  Lieben  reaction,  owing  undoubtedly  to  their  prior 
oxidation  by  the  alkaline  hypoiodite  reagent  to  the  methyl  ke¬ 
tones.  Thus,  while  methyl  ketones  and  methylcarbinols  are 
readily  identifiable  by  the  Lieben  reaction,  there  is  no  simple' 
means  of  differentiating  the  two  groups. 

The  von  Baeyer-Drewsen  synthesis  of  indigo  (1,  6),  at  one 
time  practiced  on  a  commercial  scale,  is  based  on  a  reaction  which 
lends  itself  readily  to  such  a  differential  identification  technique. 
o-Nitrobenzaldehyde  was  found  by  these  workers  to  condense 
with  acetone,  acetaldehyde,  or  pyruvic  acid  in  the  presence  of 
alkali,  to  form  indigotin.  Feigl,  Zappert,  and  Vasquez  ( 3 )  ap¬ 
plied  this  reaction  to  six  additional  methyl  ketones  (methyl 
ethyl  ketone,  methyl  heptenone,  acetophenone,  acetylacetone, 
diacetyl,  and  ethyl  acetoacetate)  and  suggested  its  applicability 
in  detecting  other  methyl  ketones. 

Tananescu  and  his  co-workers  (8,  9)  have  suggested  that  the 
reaction  probably  proceeds  as  follows: 


The  methyl  ketone  first  condenses  with  the  o-nitrobenzalde¬ 
hyde  to  form  the  corresponding  0-2-nitrophenyl-0-hydroxy- 
ethyl  ketone  (I): 


/\-N02 

+  CH,COR  — > 

1^,1— CHO 


/\-  NO* 

CHOH.CH2.CO.R  (I) 


Compound  I  undergoes  an  intramolecular  oxidation-reduction 
to  form  the  corresponding  0-2-nitrosophenyl-/3-ketoethyl  ketone 


0— N02 

— CHOH.CH2.COR 


V/ 


—NO 

— CO.CHa.CO.R 


(II) 


to  form  Compound  III,  two  moles  of  which  split  off  R.COOH  bj 
hydrolysis  and  form  one  mole  of  indigotin: 


/\ 


—  N. 


\/ 


>c— 

—co/ 


COR  +  2NaOH 


/\_ 


CO 


\ 


-NH 


/ 


0=0 


/ 


CO 


^NH— 


+  2  R.COONa 


\/ 


As  the  result  of  the  author’s  investigation,  it  was  found  that 
a  simple  qualitative  differentiation  of  methylcarbinols  and 
methyl  ketones  could  be  based  on  the  Lieben  iodoform  reaction 
in  conjunction  with  the  von  Baeyer-Drewsen  indigo  reaction,  both 
being  specifically  modified  for  use  as  an  analytical  technique. 
A  negative  iodoform  reaction  rules  out  both  methylcarbinols 
and  methyl  ketones;  a  positive  iodoform  reaction  and  a  negative 
indigo  reaction  indicate  a  methylcarbinol;  a  positive  iodoform 
reaction  and  a  positive  indigo  reaction  indicate  a  methyl  ketone. 
This  differentiation  is  specific.  When  a  technical  sample  of 
a  methylcarbinol  was  found  to  give  a  faint  positive  indigo  re¬ 
action,  this  could  invariably  be  traced  to  the  presence  of  methyl 
ketone  as  an  impurity.  Scrupulous  purification  of  the  methyl¬ 
carbinol  (e.g.,  via  a  characteristic  crystalline  derivative)  re¬ 
sulted  in  a  product  which  reacted  entirely  in  the  expected 
manner. 


IODOFORM  REACTION 

The  procedure  used  for  the  iodoform  reaction  was  that  de¬ 
scribed  by  Fuson  and  Tullock  (5). 

Reagents  Required.  Dioxane,  10%  sodium  hydroxide 
solution,  and  iodine  reagent:  200  grains  of  potassium  iodide 
and  100  grams  of  iodine  dissolved  in  800  cc.  of  distilled  water. 

Procedure.  About  100  mg.  of  the  compound  being  tested 
are  placed  in  a  150  X  16  mm.  test  tube,  5  cc.  of  dioxane  are 
added,  and  the  sample  is  dissolved  with  shaking.  First  1  cc.  of 
10%  sodium  hydroxide  solution  and  then  the  iodine  reagent 
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re  added  dropwise  with  shaking  until  a  slight  excess  of  iodine 
auses  a  definite  dark  color  which  does  not  disappear  on  stand- 
ng.  The  test  tube  is  now  placed  in  a  water  bath  maintained  at 
>0°  C.,  and  the  dropwise  addition  of  the  iodine  reagent  is  con- 
inued  until  the  definite  dark  color  persists  as  before;  but  the 
■  arming  at  60°  C.  should  not  last  over  2  minutes.  The  excess 
f  iodine  is  now  removed  with  a  few  drops  of  10%  sodium  hy- 
roxide  solution,  and  the  test  tube  is  filled  with  cold  water,  al- 
wed  to  stand  for  15  minutes,  and  filtered.  The  characteris- 
ic  odor  of  iodoform  is  readily  distinguishable.  As  a  confirma- 
ion,  the  crystals  which  are  collected  on  the  filter  paper  are  dried 
t  100°  C.  for  one  hour  and  identified  by  their  melting  point, 
odoform  melts  at  119-121°  C. 


INDIGO  REACTION 

Since  o-nitrobenzaldehyde  is  not  at  present  obtainable  from 
ay  domestic  source,  it  may  be  prepared  by  nitrating  benz- 
Idehyde  by  the  method  described  by  Friedlander  and  Hen- 
ques  (4)  and  separating  the  o-nitrobenzaldehyde  from  the 
lixture  of  isomers  thus  obtained  by  the  method  described  by 
rhart  (2). 

Preparation  of  Reagent.  One  hundred  grams  of  finely 
owdered  sodium  nitrate  are  added  in  small  portions  to  1  liter  of 
5°  Be.  sulfuric  acid,  the  temperature  of  the  mixture  being 
;pt  below  20°  C.  by  external  cooling,  c.p.  benzaldehyde  (106 
ams)  is  now  added  to  this  nitrating  mixture  in  small  portions, 
ie  temperature  being  kept  below  30-35°  C.  After  all  the 
‘nzaldehyde  has  been  added,  the  reaction  mixture  is  cautiously 
>ured  into  a  mixture  of  1.5  liters  of  water  and  1.5  kg.  of  ice. 
he  oily  layer  of  mixed  o-  and  w-nitrobenzaldehyde  is  separated 
r  decantation  and  mixed  without  heating  with  500  cc.  of 
%  sodium  bisulfite  solution  (sp.  gr.  1.37).  Six  hundred 
ibic  centimeters  of  water  heated  to  45°  C.  are  now  added  to 
ssolve  the  magma  of  crystals  and  the  resultant  solution  is 
died  in  a  refrigerator  at  0°  to  5°  C.  for  48  hours.  The  copious 
ecipitate  of  m-nitrobenzaldehyde  sodium  bisulfite  which  forms 
filtered  off.  To  the  filtrate  is  added  a  saturated  sodium  car- 
nate  solution  to  strong  alkaline  reaction,  and  the  mixture  is 
oled  and  extracted  with  three  successive  500-cc.  portions  of 
'her.  The  ether  extracts  are  dried  overnight  over  anhydrous 
dcium  chloride,  filtered,  and  the  solvent  evaporated  off.  The 
uidual  oil  (20  to  25  grams)  solidifies  on  cooling  and  consists  of 

<  litrobenzaldehyde  mixed  with  smaller  amounts  of  w-nitro- 
I nzaldehyde.  This  product  is  sufficiently  pure  for  use  in  the 
i  hnique  described  below. 

The  o-nitrobenzaldehyde  reagent  is  prepared  by  dissolving 
•i)  grams  of  the  crystals  or  the  oily  product  in  100  cc.  of  95% 

<  lanol.  This  reagent  solution  should  be  prepared  fresh  from 
1 3  undissolved  compound  at  least  once  a  month,  and  stored  in  an 
siber-colored  glass-stoppered  bottle. 

Procedure.  About  100  mg.  of  the  compound  being  tested 
t;  dissolved  or  suspended  with  vigorous  agitation  in  5.0  cc.  of 
|3  o-nitrobenzaldehyde  reagent,  and  1.0  cc.  of  10%  sodium 
i  droxide  solution  is  added  dropwise.  An  immediate  darken- 
i;  of  the  solution  will  occur  (partly  due  to  the  formation  of 
( mutation  products  of  o-nitrobenzaldehyde).  After  60  sec- 
cds,  a  few  drops  of  the  solution  are  placed  on  a  piece  of  filter 
tper  and  allowed  to  be  absorbed.  The  filter  paper  is  then 
v  shed  under  a  stream  of  tap  water  and  examined.  If  the  brown 
sin  has  washed  away,  the  test  is  negative — i.e.,  the  sample 
vs  a  methylcarbinol.  A  positive  test — i.e.,  a  methyl  ketone — is 
edenced  by  a  distinct  and  unmistakable  deposition  of  indigo- 
b  e  dyestuff  within  the  fibers  of  the  filter  paper.  The  “spot” 
o  indigo  blue  is  usually  rimmed  by  a  characteristic  blue-green 
rg,  which  cannot  be  removed,  even  by  prolonged  washing, 
r  comparing  the  washable  brown  stains  obtained  with  known 
nthylcarbinols  and  the  permanent  blue  dye  obtained  with 
Kiwn  methyl  ketones,  the  chemist  can  soon  become  highly 
P  ficient  in  distinguishing  the  two. 

This  method  will  detect  as  little  as  1  mg.  of  methyl  ketone 
m  100-mg.  sample  of  methylcarbinol.  It  has  been  tried  with 
1  umber  of  methylearbinols  and  methyl  ketones.  The  results 
gained  may  be  summarized  by  classifying  the  compounds  as 

flows: 

v lass  I.  Compounds  which  give  a  positive  indigo  reaction  but 
t  to  give  a  positive  iodoform  reaction:  No  compounds  were 
fnd  which  fall  in  this  class  categorically.  Sterically  hindered 
■npounds  like  pinacolone  (1)  give  the  indigo  reaction  more 
^lily  than  they  form  iodoform,  but  these  belong  properly  in 


Class  II.  Compounds  which  give  a  negative  indigo  reaction 
and  a  positive  iodoform  reaction:  ethanol  (2),  isopropanol  (3), 
methylethvlrarbinol  (4),  methyl-n-propylcarbinol  (5),  methyl- 
lsopropylcarbinol  (6),  methyl-n-butylcarbinol  (7),  methyliso- 
butyJcarbinol  (8),  rnethyl-n-amylcarbinol  (9),  methylisoamyl- 
carbinol  (10),  methyl-n-hexylcarbinol  (11),  methylisohexyl- 
carbinol  (12),  butandiol  -  2,3  (13),  benzylmethylcarbinol  (14). 
1  -  phenylpropandiol-2,3  (15),  lactic  acid  (16),  methyl  lactate 
(17),  and  ethyl  lactate  (18). 

This  class,  therefore,  comprises  only  the  methylearbinols — i.e., 
the  series  of  compounds  characterized  by  the  grouping  CHj.- 
CIIOH  joined  to  a  hydrogen  atom  or  to  a  carbon  atom  which 
does  not  carry  groups  that  exert  an  excessively  great  steric 
hindrance. 

Class  III.  Compounds  which  give  a  positive  indigo  reaction 
and  a  positive  iodoform  reaction:  acetalddhyde  (19),  acetone 
(20),  methyl  ethyl  ketone  (21),  methyl  w-propyl  ketone  (22) 
methyl  isopropyl  ketone  (23),  methyl  n-butyl  ketone  (24) 
methyl  isobutyl  ketone  (25),  methyl  n-amyl  ketone  (26),  methyl 
isoamyl  ketone  (27),  methyl  n-hexyl  ketone  (28),  methyl  iso¬ 
hexyl  ketone  (29)  acetoin  (30),  diacetyl  (31),  phenylacetone  (32) 

1- phenylpropanol-l,  one-2  (33),  pyruvic  acid  (34),  methyl  pyru¬ 
vate  (35),  ethyl  pyruvate  (36),  methyl  cyclohexylketone  (37), 
benzyl  acetone  (38),  acetophenone  (39),  methyl  p-tolyl  ketone 
(40),  p-chloroacetophenone  (41),  p-bromoacetophenone  (42) 
methyl  p-anisyl  ketone  (43),  2,4-dimethoxyacetophenone  (44)’ 
o-hydroxyaoetophenone  (45),  m-hydroxyacetophenone  (46)’ 
p-hydroxyacetophenone  (47),  3-methoxy-4-hydroxyacetophenone 
(48),  o-nitroacetophenone  (49),  o-aminoacetophenone  (50) 

2- aceto-l-naphthoxyacetic  acid  (51),  mesityl  oxide  (52),  benzalace- 
tone  (53),  salicylalacetone  (54),  vanillalaeetone  (55),  p-hydroxy- 
benzalacetone  (56),  furfuralacetone  (57),  acetylacetone  (58), 
acetonylacetone  (59),  benzoylacetone  (60),  levulinic  acid  (61)’ 
methyl  levulinate  (62),  ethyl  levulinate  (63),  ethyl  acetoacetate 
(64),  a-acetyl-7-butyrolactone  (65),  pentanol-l-one-4  (66),  5- 
diethylaminopentanone-2  (67),  methylheptenone  (68),  /3-ionone 
(69),  «-ionone  (70),  methyl  vinyl  ketone  (71). 

This  class,  therefore,  comprises  only  the  methyl  ketones— i.e., 
the  series  of  compounds  characterized  by  the  grouping  CH3.CO — - 
joined  to  a  hydrogen  atom  or  to  a  carbon  atom  which  does  not 
carry  groups  that  exert  an  excessively  great  hindrance. 

Interfering  compounds  in.  the  iodoform  reaction  are  usually 
(a)  primary  amines  which  are  oxidized  to  methyl  ketones  by  the 
alkaline  hypoiodite  reagent  (such  as  a-aminoisobutyric  acid, 
a-phenylethylamine,  2-aminoheptane,  2-aminohexane,  isopropyl 
amine,  etc.),  (6)  esters  of  ethanol  and  secondary  alcohols  which 
are  hydrolyzed  by  the  alkaline  reagent  to  compounds  of  Class 
II  (such  as  ethyl  acetate,  ethyl  propionate,  diethylphthalate, 
diethyladipate,  sec-butyl  acetate,  sec-amyl  acetate,  isopropyl- 
acetate,  etc.),  and  (c)  oximes  which  are  hydrolyzed  to  methyl 
ketones  (such  as  acetoxime,  acetophenone  oxime,  acetone  oxime, 
methyl  ethyl  ketoxime). 

The  only  compounds  which  have  been  found  to  interfere 
in  the  indigo  reaction  are  those  which  are  readily  hydrolyzed 
by  the  alkaline  reagent  to  compounds  of  Class  III.  These 
are  (a)  halogen  derivatives  (such  as  ethylidene  chloride,  2,2- 
dibromopropane,  2,2-dibromobutane,  etc.),  (6)  acetals  (such 
as  acetaldehyde  alcoholate,  acetal),  (c)  oximes  (such  as  acet¬ 
oxime,  acetophenone  oxime,  acetone  oxime,  methyl  ethyl  ketoxime,, 
etc.),  and  ( d )  bisulfite  addition  products  (such  as  acetaldehyde; 
sodium  bisulfite,  acetone  sodium  bisulfite,  etc.). 
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Pigment  Determination  in 


Carbon  Black  and  Iron  Blue  Paint; 


FRANCIS  B.  ROBINSON,  The  Glidden  Company,  Reading,  Pa. 


A  simple,  rapid,  and  accurate  method  lor  quantitative  separation  of 
very  fine  pigments  from  oil  and  varnish  vehicles  is  based  upon  the 
fact  that  certain  materials  yield  light,  flocculent  precipitates  which 
settle  rapidly,  carrying  along  the  pigment  that  is  present. 

A  RELIABLE  method  for  accurately  separating  very  small 
particle  size  pigments  in  oil  (8,  5)  and  varnish  {1,  2)  vehicles 
has  never  been  satisfactorily  worked  out.  Carbon  black,  iron 
blue,  chrome  greens  containing  iron  blue,  and  finely  ground  whites 
are  the  most  common  causes  of  trouble.  It  is  sometimes  possible 
to  filter  the  fine  pigment  through  a  very  fine  filtering  medium 
but  further  trouble  is  experienced  because  the  filter  is  clogged  by 
the  fine  particles.  Although  in  some  cases  it  may  not  be  neces¬ 
sary  to  make  a  perfect  separation  and  some  of  the  pigment  may  be 
passed  through  the  filter,  in  other  cases  an  exact  determination 
and  a  clear  filtrate  are  required.  The  basic  principle  of  the 
method  described  in  this  article  can  be  applied  to  any  pigment- 
vehicle  combination;  it  is  only  necessary  to  find  the  proper  set¬ 
tling  agent  to  collect  the  pigment  and  the  proper  solvent  to  dis¬ 
solve  the  vehicle  and  to  precipitate  the  settling  agent  on  the  pig¬ 
ment. 

Since  the  pigment  particles  are  too  small  to  be  retained  on  the 
filtering  surface,  it  is  necessary  to  collect  them  by  adding  an 
agent  (nitrocellulose,  for  example)  that  when  precipitated  will 
carry  along  with  it  the  finely  divided  pigment.  Two  methods  are 
outlined  in  this  article;  the  principle  of  each  is  the  same;  the 
methods  differ  only  in  application  and  procedure.  The  first 
method,  which  depends  upon  nitrocellulose  to  collect  the  pig¬ 
ment,  can  be  applied  to  all  pigments;  it  has  the  disadvantage  that 
the  extracted  pigment  will  contain -nitrocellulose,  although  the 
vehicle  will  be  free  from  impurities.  This  method  involves  no 
chemical  reaction  upon  any  pigment  and  can  be  used  on  nearly 
any  vehicle  except  emulsion  vehicles  or  poorly  soluble  vehicles. 
Certain  vehicles,  such  as  run  Congo,  short  oil  alkyds,  ester  gum, 
and  maleic  resins  sometimes  require  special  treatment,  which 
consists  of  redissolving  and  then  reprecipitating  the  nitrocellulose 
in  order  to  obtain  complete  extraction  of  the  vehicle. 

The  second  method  makes  use  of  a  glyceryl  phthalate  varnish 
(the  phthalate  is  added  if  not' already  present)  as  the  settling 
agent,  precipitated  on  the  pigment  in  the  form  of  potassium  phthal¬ 
ate.  Since  alcoholic  potassium  hydroxide  is  used  in  this  reaction, 
no  alkali-soluble  pigments  such  as  lead  chromate  pigments  can  be 
present.  Its  principal  application  is  to  carbon  black  and  other 
insoluble  pigments,  to  emulsion  vehicles,  and  to  poorly  soluble 
vehicles  that  cannot  be  determined  by  other  methods.  It  is 
based  upon  the  ordnance  method  for  alkyd  resin  determination  U) 
and  is  very  accurate. 

REAGENT 

Nitrocellulose  Solution.  Add  20  parts  by  weight  of 
the  dry  R.S.  0.25-second  nitrocellulose  to  80  parts  by  weight 
of  ethyl  acetate.  After  solution  is  complete,  determine  the 
exact  nonvolatile  content  of  the  solution. 

PROCEDURE 

Method  1  (Nitrocellulose  Method).  Weigh  accurately  a 
2-  or  3-gram  sample  of  the  paint  or  enamel  and  pour  into  a  tared 
50-cc.  centrifuge  tube.  Add  10  cc.  of  ethyl  acetate  (85%  ester), 
and  stir  until  sample  and  ester  are  completely  mixed.  Pour 
into  this  mixture  a  weighed  sample  (about  3  grams)  of  the  nitro¬ 
cellulose  solution,  and  stir  until  a  smooth  mixture  is  obtained. 
Precipitate  this  mixture  by  adding  slowly,  drop  by  drop,  about 
30  cc.  of  high-solvency  aromatic  Hi-Flash  naphtha,  stirring 
rapidly  during  the  addition.  Then  place  the  tube  in  a  water 
bath  and  raise  to  a  temperature  of  180°  F.;  hold  at  this  tem¬ 
perature  overnight  or  until  the  ester  has  completely  evaporated. 


At  the  end  of  this  time,  remove  from  the  water  bath,  cool  t 
room  temperature,  refill  to  top  with  more  high-flash  naphtha 
and  centrifuge  until  the  top  liquid  is  clear.  Pour  off  the  clea 
liquid  and  refill  with  benzene,  place  in  a  water  bath  at  140°  F. 
and  allow  to  stand  for  about  1  hour.  Cool  and  centrifuge  a 
before.  Repeat  the  centrifuging  with  the  benzene  as  before  am 
finally  wash  with  petroleum  ether,  omitting  the  water  bath 
Dry  at  150°  F.  to  constant  weight.  Calculate  pigment  by  sub 
tracting  the  known  amount  of  nitrocellulose  from  the  total  weight 
Method  2  (Phthalate  Method).  Weigh  accurately  7  or 
grams  of  the  sample  into  a  250-cc.  stoppered  Erlenmeyer  flasl 
and  add  5  cc.  of  butyl  Cellosolve  (ethylene  glycol  monobutj 
ether)  to  aid  compatibility  of  the  vehicle.  Shake  the  flasi 
carefully,  so  that  the  sample  and  Cellosolve  are  thorough! 
mixed.  Add  3  or  4  cc.  of  a  long  oil  glyceryl  phthalate  varnisi 
(unless  already  present)  and  shake  until  a  smooth  mixture  i 
obtained.  It  is  not  necessary  to  weigh  the  glyceryl  phthalat 
varnish,  as  it  does  not  enter  into  the  calculation.  In  case 
smooth  mixture  does  not  result  at  this  point,  add  more  Cellosolv 
slowly  until  a  smooth  mixture  is  obtained.  Next  add  125  cc 
of  0.6  N  potassium  hydroxide  in  alcohol  (5  grams  of  potassiur 
hydroxide)  and  shake  thoroughly.  Stopper  and  allow  to  stam 
about  3  hours  at  130°  F.  to  allow  for  precipitation.  At  the  em 
of  this  time  remove  from  oven,  cool  to  room  temperature,  adi 
50  cc.  of  ethyl  ether,  and  restopper;  allow  to  stand  at  least 
hour.  Filter  through  a  tared  dry  filter  paper  (Whatman  Nc 
32,  for  example),  washing  with  50  cc.  of  alcohol-ether  (1  to  1 
mixture,  using  five  10-cc.  portions.  Dry  in  an  oven  at  200°  I 
for  10  or  15  minutes,  remove  from  oven,  and  replace  in  filterin 
funnel.  Wash  with  warm  water  (160°  F.)  until  all  the  solubl 
potassium  phthalate  is  dissolved  and  the  pigment  is  wash© 
free  of  the  phthalate.  Make  the  final  washing  with  ethyl  alcohc 
to  shorten  the  drying  period.  Dry  in  an  oven  at  220°  F.  t 
constant  weight. 


Table  I.  Pigment  Determinations  in  Different  Vehicles 


Pigment 

Vehicle 

Method 

Pigment 
Theoreti¬ 
cal,  % 

Pigmen 

Deter¬ 

mined. 

% 

Carbon  black 

Congo  varnish 

Phthalate 

6.60 

6.60 

White  pigments 

Emulsion 

Phthalate 

50.0 

46.3 

Iron  oxide 

Alkvd 

Phthalate 

43.7 

43.7 

Iron  blue 

Rosin  varnish 

Nitrocellulose 

51.3 

51.7 

Carbon  black 

Linseed  oil 

Nitrocellulose 

3.20 

3.20 

Carbon  black 

Alkyd  varnish 

Nitrocellulose 

3.0 

3.4 

Because  of  the  gr  eat  variety  of  enamel*  and  paint  vehicle: 
many  different  types  of  solubilities  are  encountered.  Table 
shows  some  applications  of  the  two  methods  and  the  results  ol 
tained.  Since  the  samples  were  all  commercial  grades  and  sul 
ject  to  slight  variations,  the  results  are  reasonably  close.  Tb 
use  of  nitrocellulose  limits  the  vehicle  solubility  to  esters  an 
aromatic  hydrocarbons.  However,  the  number  of  cellulose  derh 
atives  is  large  enough  to  cover  practically  all  vehicles.  Etlr 
cellulose,  benzyl  cellulose,  cellulose  acetate,  cellulose  acetat 
butyrate,  and  other  agents  may  be  used  for  vehicles  in  whic 
nitrocellulose  is  not  satisfactory.  The  choice  of  liquids  is  ver 
extensive.  For  solvents  there  are  esters,  ketones,  and  ether: 
for  precipitating  liquids  there  are  aromatic  and  aliphatic  hydr< 
carbons,  terpenes,  and  alcohols.  The  choice  is  determined  by  tt 
ability  of  the  cellulose  product  to  precipitate  on  the  pigmei 
while  the  vehicle  remains  in  solution. 

The  precipitation  method  of  pigment  separation  results  i 
considerable  time-saving  in  most  cases.  The  material  filters  ver 
rapidly  on  a  vacuum  filter  and  does  not  clog  the  filter.  Actual! 
only  about  0.5  to  0.75  hour  is  the  total  time  necessary  for  tt 
complete  operation,  including  weighing,  filtering,  and  washini 
There  are  many  variations  in  the  procedure  outlined  in  this  artic 
and  the  proper  application  of  the  general  principles  of  the  metho 
should  yield  accurate  results  in  most  cases. 
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A  Device  for  Renewing  the  Filter-Cake  Surface  in  Small-Scale  Vacuum 

Filtrations 

R.  S.  BURNETT  AND  A.  L.  MERRIFIELD,  Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


THIS  note  describes  a  device  which  has  been  used  successfully 
I  on  a  laboratory  and  semipilot-plant  scale  to  expedite  the 
icuum  filtration  of  alkaline  aqueous  dispersions  of  vegetable 
"otein  extracted  from  peanut  and  cottonseed  meals.  Its  effec- 
veness  suggests  that  it  might  prove  useful  in  clarifying  various 
unmy  or  colloidal  solutions.  It  can  be  easily  and  inexpensively 
Instructed. 

The  device  consists  of  a  hand-operated  rotary  scraper  which 
n  be  used  with  either  a  table-top  Buchner  funnel  or  a  stoneware 
ction  filter.  By  means  of  the  scraper  fine  colloidal  and  gummy 
aterials  which  accumulate  on  and  clog  the  surface  of  the  filter 
ike  can  be  periodically  removed  during  filtration  along  with  a 
jin  layer  of  the  filter  aid  used.  By  means  of  this  periodic  scrap¬ 
es  the  filter  cake  surface  can  be  renewed  as  frequently  as  is  neces- 
iry  to  maintain  the  filtration  rate  at  a'  maximum. 


iron  and  a  threaded  bronze  block  screwed  to  the  top  of  the  frame. 
Forty  micrometer  threads  per  inch  are  cut  on  the  shaft  and  in  the 
block.  Although  a  much  thinner  cake  is  ordinarily  used,  it  was 
considered  desirable  to  cut  enough  threads  on  the  shaft  to  allow 
the  scraper  to  travel  through  about  3  inches  of  cake.  As  the 
clogged  filter  aid  and  gummy  material  are  scraped  from  the  surface 
they  collect  in  a  cone-shaped  mass  (Figure  1,  center)  which  can 
be  removed  whenever  a  sufficiently  large  amount  accumulates. 

A  similar  scraper  designed  for  use  with  a  stoneware  suction 
filter  is  shown  at  the  right.  The  lower  bearing  is  threaded  and 
the  scraper  assembly  is  fastened  to  the  top  of  the  filter  by  screw 
clamps  which  are  welded  to  a  support  resting  on  the  filter. 

Better  results  are  obtained  when  no  more  vacuum  is  employed 
than  is  necessary  to  maintain  a  steady  flow  through  the  filter. 
More  rapid  filtration  of  alkaline  solutions  can  be  obtained  when 
the  filter  aid  is  supported  by  a  glass  filter  cloth  instead  of  a  cotton 
cloth  or  filter  paper.  This  is  probably  due  to  the  fact  that  glass 


igure  1 .  Table-Top  Buchner  Funnel  and  Scraper  Assembly,  Assembled  Filtering  Unit,  and  Stoneware  Suction  Filter  with  Scraper  Attachment 


l  he  table-top  Buchner  funnel,  the  scraper  assembly  and  ply- 
[  jd  base  to  which  it  is  bolted  are  illustrated  in  Figure  1  (left) 
le  assembled  unit,  including  a  protected  glass  bottle  for  collect- 
i  the  filtrate  is  illustrated  in  Figure  1  (center).  The  scraper 
>des  are  of  1  X  0.125  inch  stainless  sheet  steel  bent  at  an  angle 
no  and  welded  to  a  shaft  of  0.5-inch  stainless  steel  pipe.  The 
(  er  edges  of  the  blades  are  sharpened.  The  shaft  is  supported 
)  a  bearing  attached  to  the  wooden  frame  by  two  pieces  of  angle 


* 

fibers,  unlike  cellulose  fibers,  do  not  swell  and  slow  the  rate  of 
filtration  when  in  contact  with  alkaline  solutions. 

The  principle  of  this  laboratory  filter  cake  scraper  is  similar  to 
that  used  on  one  type  of  commercial  rotary  drum  filter  manu¬ 
factured  in  this  country,  in  that  the  clogged  filter-aid  surface  is 
removed  by  scraping  action. 


Determination  of  Nitrogen  Dioxide  by  Cerate  Oxidimetry 

F.  M.  STUBBLEFIELD 
Davis  and  Elkins  College,  Elkins,  W.  Va. 


IN  THE  manufacture  of  nitric  acid  by  the  Ostwald  process  and 
its  modifications,  the  amount  of  nitrogen  dioxide  in  the  final 
acid  must  be  determined.  In  addition  to  the  effect  of  nitrogen 
dioxide  in  industrial  uses  of  the  acid,  the  amount  present  is  a 
measure  of  the  efficiency  of  the  air  bleach,  and  represents  a  waste 
of  the  gas.  The  amount  of  nitrosyl  sulfuric  acid  in  a  mixed  acid 
must  be  determined  in  order  to  establish  the  percentage  of  the 
nitric  and  sulfuric  acids  present. 

The  standard  method  (2)  of  nitrogen  dioxide  determination, 
used  in  most  plants  where  such  work  is  needed,  is  titration  of  a 
10-ml.  sample  with  0.2  N  potassium  permanganate  until  a  pink 
color  persists  for  3  minutes.  The  method  is  accurate  only 
with  careful  manipulation  of  the  sample.  In  actual  control 
practice  loss  of  nitrogen  dioxide  from  the  solution  under  even  the 
ibest  of  conditions,  speed  of  addition  of  potassium  permanganate, 
amount  of  stirring  of  the  solution  while  titrating,  and  indi¬ 
vidual  definition  of  what  constitutes  a  permanent  pink  color, 
as  well  as  the  error  caused  when  a  rushed  analyst  shortens  the  3- 
minute  period  to  2  minutes  or  even  1 — all  contribute  to  inaccu¬ 
racy.  Nitrosyl  sulfuric  acid  is  also  determined  by  permanganate 
titration,  using  either  a  10-ml.  sample  or  an  aliquot  thereof. 

The  many  published  works,  and  especially  those  of  Smith 
(1,  S ),  amply  prove  the  advantages  of  cerimetry  in  regard  to 
stability  and  oxidizing  power  of  the  solution,  reversibility  of  the 
reaction,  and  lack  of  side  reactions  and  interferences.  These 
advantages  have  been  retained  in  developing  a  method  for  de¬ 
termination  of  nitrogen  dioxide  that  is  accurate  and  rapid,  even 
in  the  hands  of  an  inexperienced  analyst. 

REAGENTS 

The  solutions  required  are  a  0.1  N  solution  of  sodium  oxalate, 
an  approximately  0.1  N  solution  of  ammonium  nitrato  cerate 
containing  170  ml.  of  72%  perchloric  acid  per  liter  and  the  indi¬ 
cator,  nitro-o-phenanthroline  ferrous  sulfate.  The  cerate  solu¬ 
tion  is  prepared  by  adding  55  to  56  grams  of  ammonium  nitrato- 
terate  to  the  perchloric  acid,  stirring  for  half  a  minute,  and  add¬ 
ing  100  ml.  of  water.  The  solution  is  stirred  for  another  half 
*  minute,  a  second  100-ml.  portion  of  water  is  added,  and  the  proc¬ 
ess  is  repeated  until  a  volume  of  1  liter  is  reached.  If  the  salt 
is  not  dissolved  in  this  way,  an  insoluble  salt  may  precipititate  in 
a  few  days’  standing. 

The  cerate  solution  is  checked  periodically  in  terms  of  exactly 
0.1  N  sodium  oxalate. 

PROCEDURE 

To  100  ml.  of  water  in  a  250-ml.  beaker,  5  ml.  of  72%  perchloric 
acid  are  added.  To  this  acidified  solution  in  most  cases  25  to  50 
ml  of  0.1  N  cerate  are  added,  the  amount  varying  with  the  quan¬ 
tity  of  nitrogen  dioxide  expected  to  be  present.  A  10-ml.  sample 
of  the  acid  is  pipetted  accurately  into  the  beaker.  At  the  start 
of  delivery,  the  pipet  tip  should  be  near  the  bottom  of  the  beaker; 
near  the  end  of  delivery,  the  tip  is  raised  until  it  barely  touches 
the  surface  of  the  solution.  It  is  let  stand  1  or  2  minutes,  then 
stirred  slowly.  Two  to  3  drops  of  nitroferroin  are  added,  and  the 
excess  cerate  is  titrated  with  sodium  oxalate.  The  end  point  is 
sharp.  Since  the  exact  cerate  equivalence  in  terms  of  a  0.1  N 
solution  is  known  by  the  earlier  oxalate  titration  of  the  cerate, 
the  milliliters  of  cerate  actually  used  in  oxidation  of  the  nitrogen 
dioxide  will  be  the  equivalence  figure  minus  the  milliliters  of  0.1  N 
oxalate  used  in  titration  of  the  residual  cerate.  The  percent¬ 
age  of  nitrogen  dioxide  may  be  calculated  by  the  usual  equations, 
recognizing  that  0.1  N  solutions  have  been  used  in  place  of  0.2  N 
potassium  permanganate . 

EXPERIMENTAL 

The  method  was  carefully  checked  against  the  potassium  per¬ 
manganate  procedure,  using  a  series  of  acid  samples  containing 
varying  amounts  of  nitrogen  dioxide.  Extreme  care  was  taken 


to  assure  maximum  accuracy  in  the  permanganate  determinatic 
The  potassium  permanganate  solution  was  floated  upon  the  si 
face  of  the  acid  water,  and  not  stirred  until  very  close  to  the  ei 
point,  when  very  slow  stirring  wTas  initiated.  The  prescrib 
3-minute  period  was  taken  to  assure  permanency  of  the  pi: 
potassium  permanganate  color. 

Table  I  presents  data  comparing  percentages  of  nitrogen  die 
ide  as  determined  by  the  potassium  permanganate  and  cers 
procedures. 

The  determinations  by  the  cerate  method  were  completed 
much  less  time  than  those  by  the  permanganate  procedure.  T 
results  compare  favorably.  In  the  higher  percentages  of  niti 
gen  dioxide  it  is  believed  that  results  by  the  cerate  procedure  i 
more  accurate  than  by  the  permanganate,  because  of  sharper  e 
point  and  absence  of  opportunity  for  possible  loss  of  nitrog 
dioxide,  since  the  gas  is  always  in  contact  with  an  excess  of  o 
dizing  agent. 

No  attempt  wTas  made  to  extend  the  method  directly  to  t 
nitrosyl  sulfuric  acid  determination.  Since  the  potassium  p 
manganate  titration  for  this  is  identical  with  that  for  nitrog 
dioxide,  the  writer  can  see  no  reason  why  the  cerate  titrati 
should  not  be  entirely  satisfactory  for  this  estimation. 


Table  I.  Determination  of  Nitrogen  Dioxide 

(In  approximately  60%  nitric  acid) 


Sample  Nitrogen  Dioxide  Found 


No. 

Permanganate  method 

Cerate  method 

% 

% 

1 

0.15 

0.15 

2 

0.28 

0.28 

3 

0.36 

0.37 

4 

0.48 

0.48 

5 

0.59 

0.60 

6 

0.80 

0.80 

7 

0.88 

0.88 

8 

1.02 

1.02 

9 

1.24 

1.24 

10 

1.46 

1.47 

11 

1.58 

1.59 

12 

1.69 

1.70 

13 

1.84 

1.85 

14 

2.09 

2.10 

15 

2.26 

2.27 

16 

2.63 

2.64 

17 

2.97 

2.98 

18 

3.49 

3.51 

19 

4.16 

4.17 

20 

5.34 

5.36 

SUMMARY  AND  CONCLUSIONS 

A  procedure  utilizing  a  cerate  solution  as  the  oxidizing  ag 
has  been  outlined  for  the  determination  of  nitrogen  dioxide,  i 
its  application  to  the  estimation  of  nitrosyl  sulfuric  acid  suggest 
The  method  has  none  of  the  disadvantages  of  the  potassium  p 
manganate  procedure  and  may  be  carried  out  rapidly.  Expi 
mental  work  has  proved  it  to  be  fully  as  accurate  as  the  p 
manganate  method  in  lower  concentrations  of  nitrogen  diox 
and  slightly  more  accurate  at  higher  concentration,  under  c 
ditions  in  which  extreme  care  was  taken  with  the  permangan 
procedure.  Under  rushed  control  laboratory  conditions, 
cerate  procedure  is  much  more  accurate  than  the  permanganat 
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Determining  Hygroscopicity  of  Fertilizers 

J.  y.  YEE 

Bureau  of  Plant  Industry,  Soils  and  Agricultural  Engineering,  U.  S.  Department  of  Agriculture,  Beltsville,  Md. 

A  rapid  method  is  described  for  determining  the  hygroscopicity  of  fertilizers  by  measuring 
the  relative  humidity  of  the  air  in  equilibrium  with  the  mixtures.  From  curves  showing  these 
values  against  the  moisture  contents,  the  storage  quality  of  fertilizers  can  be  determined. 


rHE  hygroscopicity  of  a  fertilizer,  or  its  tendency  to  absorb 
moisture,  determines  to  a  large  extent  whether  it  will  remain 
illable  under  humid  conditions  and  whether  it  will  cake  on 
lorage.  A  rapid  and  accurate  method  for  measuring  the  hygro- 
fopicity  of  a  fertilizer  would,  therefore,  be  a  means  of  predicting 
ike  behavior  of  the  fertilizer  under  practical  conditions. 


Figure  1.  Relative  Humidity-Resistance  Curve 


A  fertilizer  material  will  absorb  moisture  from  the  surrounding 
rmosphere  if  the  relative  humidity  of  that  atmosphere  is  greater 
lan  that  corresponding  to  the  vapor  pressure  of  a  saturated 
,lution  of  the  fertilizer  material  at  the  same  temperature,  and 
11  lose  moisture  at  relative  humidities  below  that  value.  The 
ueous  vapor  pressure  of  a  saturated  solution  is  thus  a  measure 
the  hygroscopicity  of  the  solid  in  question.  Adams  and  Merz 
l>  have  determined  the  hygroscopicity  of  a  large  number  of  pure 
tilizer  compounds  and  their  mixtures  by  measuring  the  relative 
midity  over  their  saturated  solutions  by  means  of  an  isoteni- 
>pe.  This  method,  however,  requires  the  evaporation  of  a 
ge  quantity  of  water  from  the  liquid  phase  and  is,  therefore, 
t  applicable  to  mixed  fertilizers  which  generally  contain  only  a 
all  amount  of  moisture.  The  withdrawal  of  much  water  would 
iturb  the  equilibria  in  such  systems. 

Ordinarily,  when  it  is  desired  to  determine  at  what  relative 
midity  a  fertilizer  mixture  begins  to  take  up  moisture,  a  num- 
r  of  fared  samples  are  exposed  to  various  known  relative  hu- 
dities  in  controlled-humidity  chambers.  The  relative  hu- 
dity  at  which  the  sample  just  begins  to  gain  weight  is  noted, 
iis  is  the  threshold  value  above  which  the  fertilizer  mixture  will 
isorb  moisture  and  below  which  it  will  not.  This  method, 


however,  will  not  always  give  the  exact  values  because  it  is  im¬ 
practical  to  prepare  humidity  chambers  to  cover  the  entire  hu¬ 
midity  range  in  narrow  intervals.  The  method  described  in  this 
paper,  however,  permits  accurate  determinations  of  the  hygro¬ 
scopicity  of  fertilizers  in  about  30  minutes  with  no  weighings  and 
without  the  humidity  chambers  required  for  the  usual  method. 

Over  each  fertilizer  mixture,  there  must  exist  a  partial  aqueous 
vapor  pressure  corresponding  to  the  vapor  pressure  of  the  com¬ 
plex  solution  contained  in  that  particular  fertilizer  mixture.  If, 
therefore,  a  fertilizer  mixture  is  kept  in  a  closed  container  until 
equilibrium  is  established  at  a  desired  temperature,  and  a  method 
is  found  to  determine  the  relative  humidity  over  the  sample,  a 
measure  of  the  hygroscopicity  of  the  sample  will  have  been  ob¬ 
tained. 


For  measuring  the  relative  humidity  in  a  small  enclosed  space, 
the  electric  hygrometer  as  developed  by  Dunmore  (2)  of  the  Na¬ 
tional  Bureau  of  Standards,  was  found  to  be  most  satisfactory. 
The  electric  hygrometer  unit  consists  of  a  moisture-sensitive  film 
containing  lithium  chloride  on  a  bifilar  coil  of  palladium  wire 
wound  on  a  thin-walled  polystyrene  tube.  The  resistance  be¬ 
tween  the  two  terminals  of  the  electric  hygrometer  varies  with 
the  relative  humidity  to  which  the  unit  is  exposed.  The  hu¬ 
midity-resistance  calibration  curve  for  one  such  unit  is  shown  in 
Figure  1.  It  requires  five  units  with  moisture-sensitive  films  con¬ 
taining  various  amounts  of  lithium  chloride  to  cover  the  whole 
humidity  range. 


APPARATUS 

The  arrangement 
of  the  apparatus  used 
for  this  determina¬ 
tion  is  very  simple, 
as  shown  in  Figure  2. 
A  is  a  16-ounce  bot¬ 
tle  about  */ 3  full  of  a 
fertilizer  mixture,  B. 
C  is  an  electric 
hygrometer  unit.  D 
and  D'  are  terminals 
of  the  unit  coming 
through  the  two  holes 
in  the  rubber  stopper. 
These  terminals  are 
soldered  to  copper 
tips  F  and  F'  on  top 
of  the  glass  rods,  G 
and  G' ,  coming 
through  the  same 
openings  in  the  rub¬ 
ber  stopper  to  hold 
the  unit  in  place. 


Figure  2.  Electric 
Hygrometer  Unit 
Assembly 
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Table  I.  Relative  Humidity  over  Fertilizer  Mixtures  at  30°  C. 


Relative  Humidity  -  m  , .  .  .  , ,  ,  ,  .  _ 

Fertilizer  over  Sample  by  %  Moisture  Absorbed  at  Equi- 

Mixture  Electric  Hygrometer  librium  at  Relative  Humidity  of 


No. 

Method 

59.4% 

65.2% 

72.5% 

1 

60.2 

-0.27 

5.57 

14.36 

2 

59.7 

0.01 

11.66 

23.32 

3 

59.1 

-0.34 

7.26 

14.32 

4 

65.5 

-1.31 

0.40 

14.96 

5 

65.7 

-1.59 

-0.18 

9.70 

6 

72.6 

-1.67 

-1.21 

-0.55 

7 

55 . 6 

10.23 

17.08 

26.07 

8 

<  51.4 

9.04 

12.99 

22.34 

9 

64.3 

-1.20 

2.18 

15.65 

10 

61.9 

-0.89 

5.12 

12.95 

11 

61 .4 

-2.44 

3.20 

11.17 

12 

67.6 

-2.23 

-1.38 

10.44 

13 

71.6 

-2.31 

-1.82 

5.43 

14 

73.2 

-1.99 

-1.77 

-1.28 

PROCEDURE 

The  procedure  for  making  a  determination  is  also  very  simple. 
An  electric  hygrometer  of  the  proper  humidity  range  is  inserted 
in  the  bottle  containing  the  fertilizer  sample  to  be  tested,  as  shown 
in  Figure  2,  and  the  whole  assembly  is  allowed  to  stand  for  about 
20  minutes  to  come  to  equilibrium.  The  resistance  between  the 
electric  hygrometer  terminals  is  then  measured  by  connecting 
F  and  F'  to  a  resistance  meter  (not  shown),  or  a  Weston  Model 
764  capacity  meter.  The  capacity  meter  may  be  used  as  an  ohm- 
meter,  since  it  is  measuring  only  ohmic  resistance  in  a  nonreactive 
circuit  ( 2 ).  A  steady  reading  of  the  meter  signifies  that  equilib¬ 
rium  has  been  established.  The  relative  humidity  over  the  fer¬ 
tilizer  sample  is  then  read  off  from  the  calibration  curve  for  the 
unit  used,  like  the  one  shown  in  Figure  1 . 

These  measurements  can  be  conveniently  made  in  a  con¬ 
stant-temperature  room,  or  carried  out  elsewhere,  provided  a 
thermometer  is  inserted  through  the  rubber  stopper  to  record  the 
temperature  of  the  sample  at  the  time  of  the  measurement. 
Enough  time  should  be  given  for  the  samples  to  come  to  equilib¬ 
rium. 


EXPERIMENTAL  RESULTS 

In  order  to  test  the  validity  of  this  method,  the  relative  hu¬ 
midities  over  a  number  of  well-cured  fertilizer  mixtures  were 
measured  at  30°  C.  by  the  electric  hygrometer  method.  The 
equilibrium  moisture  absorption  values  of  these  fertilizers  at  59.4, 
65.2,  and  72.5%  relative  humidities  at  the  same  temper^,  ire  had 
previously  been  determined.  The  results  obtained  for  these 
fertilizer  mixtures  are  tabulated  in  Table  I. 

These  data  show  that  this  method  gives  consistent  results 
agreeing  closely  with  those  obtained  by  the  moisture-absorption 
method. 

Results  showing  the  effect  of  temperature  on  the  relative  hu¬ 
midity  over  a  fertilizer  mixture  are  tabulated  in  Table  II.  They 
reveal  that  the  relative  humidity  over  a  fertilizer  increases  with 
increase  in  temperature. 

Well-cured  fertilizer  samples  only  should  be  used  in  making 
these  determinations,  because  the  relative  humidity  over  a  raw 
fertilizer  mixture  changes  as  the  reactions  progress  between  the 
various  components  in  the  mixture  to  form  more  stable  salts  ( 3 ). 


Table  II.  Effect  of  Temperature  on  Relative  Humidity  over  a 
Fertilizer  Mixture 


Relative  Humidity 

Temperature  over  Fertilizer 


°  C. 


% 


20 

30 

45 


62.9 

68.2 

73.0 


INTERPRETATION  OF  RESULTS 

By  means  of  a  plot  showing  the  relative  humidity  over  a  fer¬ 
tilizer  against  its  moisture  content,  it  is  possible  to  judge  (a) 
whether  or  not  the  fertilizer  contains  a  large  amount  of  hygro¬ 
scopic  components  and  whether  these  components  are  all  in  solu¬ 
tion  or  largely  in  the  solid  state,  and  (6)  the  amount  of  moisture 


the  fertilizer  will  take  up  at  a  given  relative  humidity  and  at  w 
relative  humidity  the  absorption  of  moisture  will  begin  wit 
given  moisture  content  in  the  fertilizer. 

Figure  3  shows  three  curves,  somewhat  idealized,  that  re] 
sent  relative  humidity  conditions  over  three  types  of  fertili: 
designated  as  A,  B,  and  C.  An  interpretation  of  these  curves 
serve  to  illustrate  the  points  mentioned  above. 


Figure  3.  Effect  of  Moisture  Content  on  Relative  Humidit 
over  Fertilizers 


The  relative  humidity  over  fertilizer  A  increases  rapidly  v\ 
relatively  small  increases  in  the  moisture  content,  indicating  t 
this  fertilizer  contains  only  a  small  amount  of  hygroscopic  c( 
ponents  and  that  these  components  must  all  be  in  solution  a 
moisture  content  of  only  1.5%.  Otherwise  the  relative  humic 
over  the  fertilizer  would  not  increase  so  rapidly  with  increaf 
moisture  content,  if  large  amounts  of  hygroscopic  compone 
remained  undissolved.  This  does  not,  however,  exclude 
possibility  that  it  contains  such  salts  as  potassium  sulfate,  poi 
sium  nitrate,  or  other  relatively  nonhygroscopic  salts,  in  the  si 
state.  An  O-P-K  grade  of  fertilizer,  where  the  potash  is  ot 
than  manure  salts,  would  exhibit  the  foregoing  properties.  I 
tilizer  A,  therefore,  is  a'  good  mixture  because  even  at  90%  ri 
five  humidity  it  will  pick  up  not  more  than  4%  of  moisture  i 
not  more  than  3%  at  70%  relative  humidity.  Conversely,  cu 
A  reveals  that  this  fertilizer  with  a  moisture  content  of  4%  1 
not  absorb  moisture  below  90%  relative  humidity,  nor  does  it 
gin  to  absorb  moisture  below  70%  relative  humidity  when 
moisture  content  is  only  3%. 

Curve  B  shows  that  the  relative  humidity  over  fertilizer  B 
creases  very  slowly  as  the  moisture  increases.  This  means  t 
this  fertilizer  contains  a  large  amount  of  very  hygroscopic  ms 
rials  and  that  they  are  not  all  in  solution  at  the  beginning  wi 
the  mixture  contains  2%  of  moisture.  Fertilizer  B,  as  revea 
by  the  curve,  will,  therefore,  not  stand  up  well  under  humid  c 
ditions  because,  even  when  containing  9%  of  moisture,  its  r< 
tive  humidity  is  still  below  45%,  and  the  curve  has  not  even 
gun  to  show  a  break,  which  means  that  it  still  contains  hyg 
scopic  substances  in  the  solid  state. 

Fertilizer  C  shows  little  change  in  relative  humidity  when 
moisture  content  increases  from  2  to  3%,  but  soon  after  t 
curve  C  starts  to  turn  upward,  showing  that  the  more  h\’g 
scopic  components  have  all  gone  into  solution  and  that  the  sc 
rion  begins  to  get  more  and  more  dilute  with  further  increase; 
moisture  content.  Fertilizer  C,  intermediate  between  -4  and 
is  a  fairly  good  mixture  because  in  an  atmosphere  of  70%  relat 
humidity  its  moisture  content  cannot  be  more  than  6%;  otl 
wise  the  solution  present  in  the  fertilizer  will  have  a  relative  1 
midity  higher  than  70%,  in  which  case  the  fertilizer  will  I 
moisture. 


DISCUSSIONS 

In  actual  practice,  this  type  of  curves  may  not  always  coine 
regular  as  these.  It  is  well  known  that  when  a  fertilizer  once  g 
wet  and  then  dries  again,  it  becomes  a  little  more  hygrosco 
than  the  original  mixture.  This  shows  up  more  with  mixtu 
containing  soluble  components  in  large  granular  forms  than  tin 
having  such  components  in  the  fine  state.  On  account  of  tl 
the  curve  obtained  by  introducing  moisture  to  the  mixture  m 
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tt  quite  coincide  with  the  curve  obtained  by  removing  moisture 
fm  the  wet  mixture.  Once  equilibrium  has  been  established, 
Iwever,  the  values  will  become  constant. 

i  In  routine  analysis,  a  single  relative  humidity  measurement  is 
emgh  to  classify  a  very  wet  fertilizer  having  low  relative  hu- 
cdity  over  it  as  unsatisfactory,  because  even  with  such  high  mois- 
t  e  content,  this  fertilizer  still  contains  a  concentrated  solution  of 

ii  hygroscopic  components  and  some  of  them  may  still  be  in  the 


solid  state.  On  the  other  hand,  a  wet  fertilizer  having  high  rela¬ 
tive  humidity  over  it  may  be  a  good  one,  provided  its  moisture 
content  can  be  reduced  to  a  satisfactory  value. 
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Starch  Solution  for  Dissolved  Oxygen  Determinations 
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|J  UMEROUS  starch  solutions  for  use  in  iodometric  titra- 
M  tions  including  the  Winkler  (15)  determination  of  dis¬ 
ced  oxygen  have  been  described  ( 1 ,  4,  8,  9,  12,  14),  but  the 
nparation  of  many  of  these  involves  elaborate  procedures 
jRuiring  exact  quantities  of  reagents.  Various  starch  solu- 
fis  have  been  criticized  (2)  because  on  aging  they  frequently 
niuce  a  reddish  or  violet  color  with  iodine,  which  prevents 
brp  end-point  readings.  The  method  described  here  not  only 


pjre  1 .  Photelometric  Comparisons  of  Indicator  Efficiency  of 

Starches 


I  e  iodine  in  similar  samples  was  reduced  by  thiosulfate  titration  in  photelometer 
ta  reading  of  92,  exactly  0.2  ml.  of  test  starch  added,  and  titration  continued 
to  disappearance  of  blue  starch-iodine  color. 


One  lot  ol  this  starch  solution  was  used  by  the  writer  over  a 
12-month  period  without  deterioration,  mold  growth,  loss  of 
potency,  or  production  of  reddish  color  in  iodometric  titrations 
for  dissolved  oxygen.  The  indicator  properties  of  several 
starch  solutions  were  compared  photelometrically  by  titrating 
to  final  end-point  partitioned  samples  of  water  prepared  by  the 
Kemmerer  (7)  method  for  the  iodometric  determination  of  dis¬ 
solved  oxygen,  in  a  Cenco  Photelometer  (Figures  1  and  2). 

This  method  of  preparing  starch  solution  lends  itself  to  use 
in  the  field,  yields  a  solution  which  develops  and  maintains 
greater  depth  of  color  per  unit,  and  has  a  sharper  end  point  than 
any  of  the  starches  tested. 
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mates  the  need  for  laboratory  conveniences  and 
thed  reagents  but  yields  a  starch  solution  which 
■tins  unchanged  a  year  or  more. 


Lethod.  Advantage  is  taken  of  the  property  of 
(tie  alkali  to  dissolve  the  coating  on  the  starch 
ps  without  affecting  the  starch  itself  (3,  5,  10, 
|S). 

I  20%  solution  of  sodium  or  potassium  hydroxide, 
[he  solid  caustic,  is  added  with  stirring  to  a 
jlension  of  about  2.0  grams  of  powdered  starch  in 
to  400  ml.  of  water  until  a  thick,  sirupy,  almost 
•  solution  is  obtained.  About  30  ml.  of  20% 
issium  hydroxide  are  required  to  treat  approxi- 
ply  2  grams  of  potato  starch.  The  solution  is 
yed  to  stand  for  about  1  hour  to  ensure  complete 
|)n  by  the  alkali,  and  then  made  neutral  or  slightly 
i  with  concentrated  hydrochloric  acid  (6),  using 
|hs  paper  as  indicator.  This  product  is  designated 
‘alkaline  starch”.  If  acidity  does  not  interfere 
the  proposed  titration  (the  final  sample  in  dis- 
3d  oxygen  titration  by  the  Winkler  method  is 
ic),  1.0  ml.  of  glacial  acetic  acid  is  added  as  a 
brvative. 


In  similar  50-ml.  samples  free  iodine  was  reduced  by  thiosulfate  titration  in  photelometer  to 
a  reading  of  82.  Sufficient  starch  solution  (1.51  ml.  of  commercial  Lintner’s,  0.60  ml.  of 
Low's,  0.41  ml.  of  Nichols',  0.26  ml.  of  alkaline)  was  added  to  produce  photelometer  reading 
of  exactly  0,  and  titration  continued  to  clear  end  point. 


Rapid  Estimation  of  Chlorate  Ion  Employing  Catalysis 

A.  J.  BOYLE1,  V.  V.  HUGHEY,  and  CLYDE  C.  CASTO 
Technical  Service  Laboratories,  Basic  Magnesium,  Incorporated,  Las  Vegas,  Nev. 


A  method  for  estimating  chlorate  in  cell  liquor  which  is  produced 
during  the  manufacture  of  chlorine  consists  of  reducing  the  chlorate 
ion  in  40%  hydrochloric  acid  by  volume  with  a  standard  ferrous 
ammonium  sulfate  solution.  A  few  drops  of  a  10%  solution  of 
ammonium  molybdate  are  employed  as  catalyst.  The  excess 
standard  ferrous  ammonium  sulfate  is  then  titrated  with  standard 
potassium  dichromate,  using  diphenylamine  sulfonate  as  the  redox 
indicator, 

SEVERAL  methods  for  the  determination  of  chlorate  ion  are 
described  in  the  literature.  Bacho  (1)  reduced  the  chlorate 
ion  with  excess  sodium  arsenite  in  hydrochloric  acid  solution, 
and  then  used  the  potassium  bromate  method  of  Gyory  (4) 
in  determining  the  excess  arsenite.  Peters  and  Deutschlander 
(6)  employed  an  arsenite-bromide  mixture  in  a  strong  hydro¬ 
chloric  acid  solution.  Osmium  tetroxide  was- suggested  as  a 
catalyst  by  Gleu  (5).  Bolge  and  Troberg  (2)  reduced  the  chlo¬ 
rate  ion  with  excess  cuprous  chloride  at  80°  C.  and  finally 
titrated  the  excess  with  standard  potassium  dichromate.  Harvey 
( 5 )  used  a  ferrous  sulfate-potassium  iodide  system,  titrating 
the  liberated  iodine  with  standard  sodium  thiosulfate. 

Essentially  two  methods  are  employed  at  Basic  Magnesium, 
Incorporated,  for  the  determination  of  sodium  chlorate  in  Hooker 
cell  liquor  from  the  chlorine  plant.  Method  II,  described  in  this 
paper,  is  a  modified  Bacho  procedure,  which  differs  from  the 
original  method  in  that  refluxing  of  the  sodium  arsenite-sodium 
chlorate  mixture  is  omitted;  iodine  monochloride  is  employed 
as  a  catalyst  in  the  titration  of  the  excess  sodium  arsenite  by 
potassium  bromate,  thus  sharpening  the  end  point  and  making 
the  titration  possible  at  lower  than  boiling  temperatures.  Smith 
(7)  advocates  use  of  this  catalyst  in  the  potentiometric  estima¬ 
tion  of  arsenite  by  potassium  bromate. 

A  newer  procedure  for  the  estimation  of  chlorate -ion,  Method 
I,  is  being  used  currently  in  this  laboratory.  It  consists  of 
reducing  the  chlorate  with  an  excess  of  ferrous  ammonium 
sulfate  in  a  strong  hydrochloric  acid  solution,  using  ammonium 
molybdate  as  a  catalyst.  The  excess  ferrous  ammonium  sulfate 
is  titrated  with  potassium  dichromate,  using  diphenylamine  sul¬ 
fonate  as  the  internal  redox  indicator. 

Method  I  is  preferred  because  of  its  high  degree  of  accuracy 
and  precision.  It  is  less  sensitive  to  variable  conditions  than  the 
sodium  arsenite-potassium  bromate  procedure,  in  which  arsenic 
is  lost  if  sufficient  care  is  not  exercised. 


METHOD  I 

Reagents.  Ferrous  ammonium  sulfate,  c.p.  (0.25  N). 
Potassium  dichromate,  A.R.  (0.1  N).  Ammonium  molybdate, 
c.p.  (10%  solution). 

Sodium  acetate-phosphoric  acid  buffer.  Add  250  ml.  of 
concentrated  phosphoric  acid,  g.p.,  to  1  liter  of  4  molar  sodium 
acetate,  c.p. 

Diphenylamine  sulfonate  indicator.  Dissolve  0.30  gram  of 
the  barium  salt  of  diphenylamine  sulfonic  acid  in  100  ml.  of 
water,  add  0.5  gram  of  sodium  sulfate,  and  filter  off  the  precipi¬ 
tate  of  barium  sulfate. 

Concentrated  hydrochloric  acid,  c.p.  Hydrochloric  acid 
solution  (1  N).  Phenolphthalein  indicator  (1%  solution). 

Procedure.  Pipet  a  10-ml.  sample  of  cell  liquor  into  a 
500-ml.  Erlenmeyer  flask,  add  2  drops  of  phenolphthalein 
indicator,  and  titrate  with  1  N  hydrochloric  acid.  An  estimation 
of  total  alkalinity  sufficiently  accurate  for  cell  liquor  chemical 
control  may  be  made  at  this  point.  Add  10  ml.  of  0.25  N  ferrous 
ammonium  sulfate  solution,  3  drops  of  ammonium  molybdate 
catalyst,  and  40  ml.  of  concentrated  hydrochloric  acid.  Allow 

1  Present  address,  Wayne  University,  College  of  Medicine,  Detroit,  Mich. 


the  mixture  to  stand  1  minute  for  complete  reaction,  then  a 
20  ml.  of  phosphoric  acid-sodium  acetate  buffer  reagent.  Dili 
to  200  ml.  with  distilled  water,  add  3  drops  of  diphenylami 
sulfonate  redox  indicator,  and  titrate  with  0.1  N  potassii 
dichromate  to  the  purple  end  point.  A  correction  of  0.05  i 
of  dichromate  is  made  for  each  6  drops  of  indicator  solution  ( 


METHOD  II 

Reagents.  Sodium  arsenite,  A.R.  (0.1  N  solution).  I 
tassium  bromate,  c.p.  (0.1  N  solution). 

Iodine  monochloride.  Dissolve  0.279  gram  of  pure  potassiv 
iodide  and  0.178  gram  of  pure  potassium  iodate  in  250  ml. 
water.  Add  at  one  time  250  ml.  of  concentrated  hydrochlo 
acid  (sp.  gr.  1.19).  The  resulting  solution  is  0.005  M  in  iodi 
monochloride. 

Concentrated  hydrochloric  acid,  c.p.  Phenolphthalein 
dicator  (1%  solution).  Methyl  orange  indicator  (0.1%  so' 
tion). 

Procedure.  Pipet  a  10-ml.  sample  of  cell  liquor  into 
500-ml.  Erlenmeyer  flask,  add  1  or  2  drops  of  phenolphthale 
and  titrate  the  sample  with  1  N  hydrochloric  acid.  An  estin 
tion  of  total  alkalinity  sufficiently  accurate  for  cell  liquor  chen 
cal  control  may  be  made  at  this  point.  Add  30  ml.  of  stands 
arsenite  solution  and  20  ml.  of  concentrated  hydrochloric  ac 
and  dilute  to  100  ml.  with  distilled  water.  Cover  the  flask  wi 
a  small  watch  glass  and  bring  the  sample  to  a  gentle  boil  or 
hot  plate,  removing  it  after  8  to  10  minutes.  While  the  sam] 
is  still  warm  (40°  to  70°  C.),  rinse  down  the  watch  glass,  a 
5  ml.  of  iodine  monochloride  and  5  drops  of  methyl  oran 
indicator,  and  titrate  the  excess  sodium  arsenite  with  ( 
potassium  bromate.  During  the  titration,  the  red  color 
methyl  orange  gradually  fades  to  a  yellow,  until  just  a  few  drc 
before  the  end  point  a  bright  pink  color  develops.  The  furtl 
addition  of  potassium  bromate  will  completely  destroy  t 
indicator  which  is  considered  to  be  the  end  point. 


Effect  of  Catalyst  and  Acid  Concentration  on  Reducti 
of  Chlorate  Ion 

(Reaction  time,  1  minute) 


Table  I. 


Concentration  of 
HC1  by  Volume 

% 

18 

31 

36 

40 

50 


Chlorate  Reduced, 
Catalyst  Present 

% 

34.99 

91.22 

98.40 

99.70 

99.70 


Chlorate  Reduced, 
Catalyst  Absent 

% 

32.90 

82.45 

94.61 

98.80 

98.80 


DISCUSSION 

Table  I  illustrates  the  importance  of  acid  concentration 
the  determination  of  chlorate  ion,  using  an  excess  of  standa 
ferrous  ammonium  sulfate  with  and  without  ammonium  moly 
date  as  a  catalyst.  The  standard  0.1  N  solution  of  sodium  chi 
rate  was  prepared  from  Merck  reagent  quality  sodium  chlora 
crystals;  10  ml.  of  this  solution  were  employed.  The  ferro 
ammonium  sulfate  solution  was  standardized  against  the  standai 
potassium  dichromate  solution  in  both  the  presence  and  tl 
absence  of  the  catalyst.  The  results  indicated  no  interferes 
by  the  molybdate. 

Table  II  gives  a  comparison  of  Methods  I  and  II.  The  value 
represent  the  sodium  chlorate  content  of  the  samples  express* 
as  milliliters  of  0.1  N  solution.  In  general,  the  methods  are 
close  agreement,  accounting  for  about  99%  of  the  chlorate  ic 
present.  In  routine  analyses  for  control  purposes  this  accurac 
is  entirely  adequate. 

Hypochlorite  in  cell  liquor  is  not  considered  in  this  discussic 
since  it  is  present  only  in  microquantities.  The  hot  alkalii 
liquor  of  the  Hooker  cell  promotes  the  formation  of  chlorate  ioi 
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le  II.  Comparison  of  Methods  1  and  II  on 

Hooker  Cell  Liquor 

'ample  No. 

Method  I 

Method  II 

1 

2.82,  2.84 

2.77,  2.72 

2 

6.45,  6.41 

6.32,  6.22 

3 

16.77, 16.84 

16.77, 16.84 

SUMMARY 

fter  considerable  investigation,  it  is  believed  that  the  most 
id,  accurate  method  for  the  determination  of  sodium  chlorate 
ell  liquor  produced  in  chlorine  manufacture  is  the  reduction 
he  chlorate  with  excess  ferrous  ammonium  sulfate  in  40% 
rochloric  acid  by  volume.  Ammonium  molybdate  is  used 
he  catalyst.  The  method  is  accurate  to  within  about  1  % 


of  the  amount  of  chlorate  present.  It  permits  greater  precision 
than  the  sodium  arsenite-potassium  bromate  method. 

The  sample  of  cell  liquor  for  the  sodium  chlorate  estimation 
may  also  serve  for  a  total  alkalinity  determination  if  standard 
hydrochloric  acid  is  used  in  the  initial  neutralization  process. 
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An  Iodine  Number  Method  for  Tall  Oil 
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use  of  pyridine  sulfate  dibromide  in  conjunction  with  mercuric 
•ate  catalyst  as  a  bromine  addition  reagent  is  suggested  for  the 
se  number  determination  of  tall  oil  and  similar  highly  unsatu- 
I,  conjugated  compounds.  Data  are  presented  showing  the 
:ts  of  absorption  time  and  excess  reagent.  Evidence  is  given 
the  undesired  secondary  reaction  of  substitution  does  not  occur. 
ie  numbers  of  eight  different  commercial  samples  of  crude  tall 
anged  from  237  to  287.  This  method  of  iodine  number  deter- 
ntion  has  the  possibility  of  general  application. 


I  SA  1 ISF  ACTOR  Y  and  practical  method  for  determining  the 
i  iodine  number  of  tall  oil  has  become  increasingly  desirable, 
material,  derived  from  pine  wood  and  consisting  of  approxi- 
ply  equal  amounts  of  fatty  and  resin  acids  plus  6  to  10%  of 
ponifiable  matter,  is  a  by-product  of  the  alkaline  sulfate 
Jr  pulp  process. 

lapman,  Hastings,  and  Poliak  ( 5 )  recently  reviewed  this 
ral  subject  and  presented  data  on  the  application  of  the  Wijs 
lie  method  to  tall  oil.  Their  studies  of  the  effects  of  tempera- 
i  excess  iodine,  and  absorption  time  on  the  reaction  showed 
i  the  resulting  iodine  values  were  markedly  affected  by  these 
Lbles.  Boesecken  and  Gelber  (4)  claimed  that  the  Wijs 
od  was  not  satisfactory  for  conjugated  systems  and  that 
r  compounds  interfered  with  the  iodine  absorption.  Ku- 
i,  Wagner,  and  Zuravlev  (14)  tried  several  methods  for  de- 
ining  the  iodine  number  of  nonfatty  materials  of  high  mo- 
ar  weight,  such  as  turpentine  and  rosin  oil.  These  methods 
all  very  sensitive  to  time  of  reaction  and  sample  weight, 
es  and  Neville  (9)  obtained  similar  results  with  the  Wijs 
od  on  conjugated  drying  oils.  They  suggested  the  use  of 
Vijs  determination  as  a  method  of  qualitatively  indicating 
iresence  of  conjugated  double  bonds  because  of  its  extreme 
tivity  to  sample  weight  in  this  case.  Dittmer  (8)  reported 
ulties  in  iodine  number  determinations  of  tall  oil  and  noted 
the  results  showed  deviations  from  the  iodine  values  of  com- 
fatty  acids,  whi<#i,  he  explained,  were  caused  by  a  polymeri- 
n  phenomenon.  An  exhaustive  discussion  of  the  variables 
mtered  in  iodine  number  determinations  is  presented  in  a 
'graph  by  Margosches  (15). 

>m  the  wide  variety  of  iodine  value  ranging  from  100-210 
ited  for  tall  oil  by  many  investigators  (5)  and  the  experience 

esent  address,  California  Ink  Co.,  Inc.,  711  Camelia  St.,  Berkeley  2, 
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of  the  authors  with  the  Wijs  method  (which  is  in  substantial 
agreement  with  that  of  Chapman,  Hastings,  and  Poliak),  it  was 
obvious  that  no  satisfactory  and  practical  iodine  number  method 
for  tall  oil  was  available.  Most  of  the  compounds  present  in  tall 
oil  are  highly  unsaturated  and  are  thought  to  be  conjugated  to  an 
appreciable  extent.  They  do  not  respond  easily  to  ordinary 
methods  of  halogen  addition. 

Von  Mikusch  and  Frazier  {26,  27)  recently  recommended  the 
use  of  Hanus’  solution,  in  which  the  concentration  of  iodine  bro¬ 
mide  is  about  doubled,  for  determining  the  total  unsaturation  of 
oils  and  fatty  acids  containing  conjugated  double  bonds.  Using 
1-hour  absorption  at  20°  C.  and  500  to  800%  excess  reagent  they 
found  the  iodine  value  of  distilled  tall  oil  to  be  about  204.  This 
procedure,  applied  to  crude  tall  oil,  has  not  been  tried  by  the  au¬ 
thors,  since  apparently  consistent  results  were  obtained  by  the 
method  described  in  this  paper. 

The  advantages  of  using  a  more  active  halogen  as  the  addition 
reagent  and  the  possible  use  of  a  catalyst  to  promote  the  reaction 
were  immediately  apparent.  Rosenmund,  Kuhnhenn,  Rosen- 
berg-Gruszynski,  and  Rosetti  (22)  developed  a  bromine  addition 
method  using  pyridine  sulfate  dibromide  (C5H5N.H2SO4.Br2)  in 
glacial  acetic  acid  solution  approximately  0.1  N  with  respect,  to 
bromine.  Except  for  the  use  of  this  reagent,  the  general  proce- 


Figure  1 .  Effect  of  Excess  Bromine  on  Iodine  Number 
of  Crude  Tall  Oil  for  Short  Absorption  Period 
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dure  is  essentially  the  same  as  that  of  the  Wijs  method.  The 
Rosenmund-Kuhnhenn  method  applied  to  oleic  acid  and  cho¬ 
lesterol  was  tested  and  discussed  by  Yasuda  {29),  Dam  {6,  7),  and 
Page  and  Rudy  {18).  After  comparative  tests  with  various  re¬ 
agents  Govindarajan  {10)  concluded  that  the  Rosenmund-Kuhn¬ 
henn  method  was  the  most  satisfactory  for  determining  the  io¬ 
dine  numbers  of  linseed,  sunflower,  and  croton  oils. 

Rosenmund  and  Kuhnhenn  also  discussed  further  applications 
of  their  method  {21)  and  the  chemistry  of  pyridine  sulfate  di¬ 
bromide  {20).  They  showed  that  the  compounds  of  bromine 
with  pyridine  or  quinoline  are  active  bromine  addition  agents 
and  that  they  do  not  participate  in  the  secondary  reactions  of 
substitution  or  oxidation.  The  solution  is  very  stable  over  a 
long  period  of  time  and  is  much  easier  to  prepare  than  the  Hanus, 
Htibl,  and  Wijs  solutions. 

The  use  of  a  catalyst  to  promote  absorption  has  been  reported 
by  several  investigators.  Hiibl  {12)  suggested  using  mercuric 
chloride  with  an  iodine-alcohol  solution  and  Wijs  {28)  also  re¬ 
ported  his  investigations  in  this  connection.  More  recently 
Scotti  {24)  proposed  the  use  of  mercuric  acetate,  dissolved  in 
glacial  acetic  acid,  with  an  iodine-benzene  reagent  and  claimed 
accelerated  absorption  by  this  method.  Hoffman  and  Green 
{11)  proved  the  superiority  of  mercuric  acetate  as  a  catalyst  but 
preferred  to  use  it  with  the  Wijs  solution.  Mercuric  acetate  has 
also  been  tested  with  an  elemental  bromine-acetic  acid  reagent 
by  Jasperson  {IS)  and  with  the  Hanus  and  Wijs  reagents  bv 
Norris  and  Buswell  {17). 

DEVELOPMENT  OF  METHOD 

In  addition  to  the  official  Wijs  iodine  number  procedure  {1,  2, 
3),  the  methods  involving  the  use  of  mercuric  acetate  catalyst 
with  the  Wijs  solution  {11)  and  of  pyridine  sulfate  dibromide  re¬ 
agent  without  a  catalyst  {22)  were  tried  on  crude  tall  oil.  In 
each  case,  these  procedures  were  unsatisfactory  because  of  the 
extreme  sensitivity  of  the  results  to  the  amount  of  excess  reagent 
and  the  time  of  absorption. 

Preliminary  tests,  in  which  mercuric  acetate  catalyst  was  used 
with  the  pyridine  sulfate  dibromide  reagent,  gave  greatly  im¬ 
proved  results,  however,  and  the  most  favorable  conditions  for 
carrying  out  the  reaction  were  then  determined. 


length  of  the  absorption  period,  and  the  amount  of  excess  rea 
For  a  fixed  sample  weight  and  a  fixed  original  amount  of  reaf 
the  total  excess  reagent  remaining  after  absorption  will,  of  co 
depend  on  the  extent  of  the  reaction.  Hence,  it  is  difficult  t 
this  variable  absolutely,  as,  for  example,  when  the  effect  oi 
sorption  time  is  being  studied.  The  relatively  slight  varia 
however,  did  not  appear  to  affect  the  findings  adversely. 

Before  studying  the  effect  of  absorption  time  it  was  desirab 
obtain  some  idea  of  the  amount  of  excess  reagent  necessary 
series  of  determinations  was  made  with  50  ml.  of  catalyst  soli 
for  a  short  absorption  period  of  one  minute,  using  varying  sa: 
weights  (Figure  1).  Although  the  maximum  iodine  value: 
tained  are  low  because  of  the  short  absorption  period,  the  € 
of  per  cent  excess  reagent  disappears  at  values  of  about  ( 
70%. 

Effect  of  Absorption  Time.  Using  62  to  73%  exces 
agent,  two  series  of  determinations  were  made  (Figure  2).  1 
20  ml.  of  catalyst  solution,  absorption  is  complete  in  about : 
12  hours.  When  50  ml.  of  catalyst  solution  are  used,  the  rea' 
is  complete  in  9  to  10  hours.  The  initial  absorption  is  com] 
tively  rapid  and  from  this  fact  one  might  deduce  that  the  ren 
ing  slow  absorption  is  by  conjugated  groups.  A  slight  dill 
effect  is  noticeable  in  Figure  2,  where  the  larger  volume  of  i 
lyst  solution  gives  the  lower  iodine  value.  In  preceding 
without  the  use  of  a  catalyst,  an  absorption  time  of  75  hours 
necessary  to  obtain  an  iodine  value  of  275  with  no  further  ab: 
tion  after  96  hours. 

Effect  of  Excess  Reagent.  In  order  to  determine  il 
excess  reagent  could  be  used  with  a  longer  absorption  peril 
series  of  analyses  was  made  using  20  ml.  of  catalyst  and  16  h 
reaction  time.  The  results  are  plotted  in  Figure  3.  The  i< 
value  rises  with  increasing  per  cent  of  excess  reagent  and  bee 
constant  at  values  above  50%.  It  can  be  concluded  that  50® 
cess  is  the  minimum  amount  of  reagent  with  which  reprodu 
results  can  be  obtained  under  the  above  conditions. 
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Figure  2.  Effect  of  Absorption  Time  on  Iodine  Number  of  Crude  Tall  Oil 


General  Procedure.  In  each  series  of  determinations  car¬ 
bon  tetrachloride  was  used  as  the  solvent  for  the  crude  tall  oil. 
The  weighed  sample  in  solution  was  allowed  to  react  for  a  definite 
time  at  27  =*=  1°  C.  with  an  excess  of  the  pyridine  sulfate  dibro¬ 
mide  reagent  in  the  presence  of  mercuric  acetate  catalyst.  The 
exact  total  reagent  was  known  by  the  usual  iodometric  titration 
of  a  blank  with  aqueous  0.1  N  sodium  thiosulfate  solution.  After 
absorption,  the  remaining  reagent  was  determined  by  a  similar 
titration,  and  the  difference  between  the  two  titrations  was 
equivalent  to  the  amount  of  halogen  absorbed  by  the  sample. 
The  iodine  number  was  then  computed  in  the  usual  manner. 
The  catalyst  used  for  ail  determinations  was  a  2.5%  solution  of 
mercuric  acetate  in  glacial  acetic  acid. 

During  preliminary  runs  it  was  noted  that  the  presence  of  light 
during  absorption  affected  the  results  to  a  slight  degree.  There¬ 
fore,  as  a  precautionary  measure,  the  absorptions  were  allowed  to 
take  place  in  the  dark  and  the  pyridine  sulfate  dibromide  reagent 
was  stored  in  an  amber  bottle. 

For  these  reactants  at  a  fixed  temperature,  the  degree  of  ab¬ 
sorption  obtained  is  a  function  of  the  amount  of  catalyst,  the 


SUGGESTED  ANALYTICAL  METHOD 

Reagents.  Aqueous  starch  indicator  solu 
prepared  by  adding  10  grams  of  soluble  sti 
made  into  a  thin  paste  with  cold  water,  to 
ml.  of  boding  water.  Add  10  grams  of  mer 
iodide  to  prevent  bacterial  action  {19).  The 
curie  iodide  is  very  sparingly  soluble  and  will 
pletely  settle  after  standing  about  an  hour. 

Aqueous  15%  potassium  iodide  solution, 
solution  will  decompose  and  turn  a  pale  y< 
after  standing  for  a  long  period.  When  nece: 
the  color  can  be  discharged  by  the  addition 
drop  or  two  of  0.1  N  sodium  thiosulfate. 

Mercuric  acetate  in  glacial  acetic  acid,  ‘ 
solution.  Standardized  aqueous  0.1  N  sodium 
sulfate.  Carbon  tetrachloride. 

Pyridine  sulfate  dibromide  solution.  Plac 
ml.  of  glacial  acetic  acid  in  each  of  three  P 
Erlenmeyer  flasks.  To  the  first  add  slowly  1 
0.2  grams  of  pyridine  with  cooling.  In  the  same  ma 
add  20  =>=  0.2  grams  of  concentrated  sulfuric  acid  to 
second  flask.  When  cool,  combine  these  solutions  with  fui 
cooling,  by  adding  the  sulfuric  acid-acetic  acid  mixtui 
the  pyridine  solution.  To  the  third  flask  add  carefully  1 
0.2  grams  of  bromine.  Now  add  this  solution  to  the  mixtu 
the  first  two  solutions  and  transfer  to  a  1-liter  volumetric  1 
Make  up  to  the  mark  with  glacial  acetic  acid  and  transfer  t 
amber  or  black-painted  2.5-liter  glass-stoppered  storage  b< 
Add  1000  ml.  of  glacial  acetic  acid  and  mix  the  solution  1 
oughly. 

Preparation  and  Weighing  of  Sample.  Run  all  detern 
tions  in  duplicate. 

Transfer  a  sample  of  the  approximate  weight  noted  below 
a  beaker  in  which  it  can  be  warmed  if  necessary  to  a  50( 
glass-stoppered  bottle  containing  25  ml.  of  carbon  tetrachlo 
To  prevent  possible  loss  of  volatile  halogen  during  the  absorj 
period,  use  is  recommended  of  the  special  iodine  flasks  with 
around  the  top  to  provide  a  liquid  seal  of  potassium  iodid' 
agent.  Weighing  is  accomplished  by  difference. 


ANALYTICAL  EDITION 


373 


jae,  1944 

,The  following  maximum  sample  weights  are  suggested  for 
Hirious  oils  in  order  that  the  proper  amount  of  excess  reagent  will 
present  during  absorption : 

Approximate 
Iodine  No. 

275 
100 
5-10 

I  "or  determinations  on  individual  samples  of  highly  unsaturated 
i,  it  is  desirable  to  make  up  500  ml.  of  carbon  tetrachloride 
ition  in  a  volumetric  flask  and  remove  a  25-ml.  aliquot  portion 
analysis  which  permits  larger  sample  weight.  This  procedure 
lore  accurate,  because  the  error  inherent  in  weighing  by  differ- 
e  a  very  small  sample  of  heated  oil  is  reduced.  However, 

>  method  requires  large  volumes  of  solvent  and  excess  appara- 
when  a  large  number  of  routine  determinations  must  be  run. 

absorption  and  Titration.  Run  a  blank  with  each  series  of 
terminations.  To  the  weighed  sample  in  carbon  tetrachloride 
ition,  add  exactly  50  ml.  of  pyridine  sulfate  dibromide  solu- 
i  from  a  pipet  (use  water  suction).  Now,  add  20  ml.  of  mer¬ 
ic  acetate  catalyst.  Allow  the  bottle  to  stand  in  a  dark  place 
r  16  hours  at  uniform  room  temperature.  Add  20  ml.  of  15% 
eous  potassium  iodide  solution,  allow  to  stand  1  minute,  and 
a  add  100  ml.  of  distilled  water.  Titrate  in  the  usual  manner 
i  standardized  0.1  W  sodium  thiosulfate,  using  starch  solution 
he  indicator.  The  end  point  should  persist  for  2  minutes. 

■qui\  alent  results  can  be  obtained  with  10  hours’  absorption 
ising  50  ml.  of  mercuric  acetate  catalyst  solution. 


Maximum  Sample  Weight. 
Grams 

0.115  (about  3  drops) 

0 . 250  (about  8-10  drops) 
2-3  (about  100  drops) 


;  is  necessary  to  run  blank  and  sample  determinations  at  the 
e  time  and  to  use  the  same  amount  of  catalyst  in  each  case, 
ystalline  deposit  of  the  catalyst  is  usually  observed  after  the 
pies  have  stood  for  some  time,  probably  because  the  solu- 
y  of  mercuric  acetate  in  acetic  acid  is  depressed  slightly  when 
loon  tetrachloride  is  present.  However,  this  phenomenon 
arently  has  no  adverse  effect  on  the  results, 
lalculations  for  the  iodine  number  are  performed  in  the  usual 
ner. 


PRECISION  OF  THE  METHOD 

series  of  twenty  determinations  using  20  ml.  of  catalyst  and 
ours’  absorption  time  was  run  on  individually  weighed  samples 
hide  tall  oil  taken  from  the  same  representative  lot.  The  re- 
■  were  then  statistically  analyzed  according  to  methods  sug- 
3d  by  Scarborough  {23)  and  Mellor  {16).  The  most  probable 

Ie  of  the  iodine  number  of  the  particular  sample  was  found  to 
14.68  =*=  2.09.  The  probable  error  of  a  single  observation  was 
%.  The  iodine  number  of  crude  tall  oil  will,  of  course,  vary 
;what,  depending  upon  the  source  of  the  oil.  Values  for  eight 
rent  commercial  samples  of  crude  tall  oil  were  found  to  vary 
een  237  and  287. 

3sults  obtained  by  an  experienced  analyst  on  individually 
hed  duplicate  samples  of  tall  oil  which  are  within  5  or  6 
ie  number  units  of  each  other  may  be  regarded  as  good  checks, 
oubtedly,  the  chief  error  lies  in  the  weighing,  because  the 
ole  must  necessarily  be  small  for  such  a  highly  unsaturated 
tance.  It  is  difficult  to  weigh  warm  oil  samples  by  the  dif- 
ice  method  with  good  accuracy,  and  a  direct  method  of  weigh- 
nth  the  use  of  microbeakers  should  permit  some  improvement. 

ABSENCE  OF  SECONDARY  REACTIONS 

1  secondary  substitution  or  oxidation  reactions  took  place 
?  addition  to  the  double  bonds,  hydrobromic  acid  would 
tesent  in  the  reaction  mixture  after  absorption.  A  sample  of 
e  tall  oil,  along  with  a  blank,  was  allowed  to  stand  23  days 
re  presence  of  an  excess  of  the  pyridine  sulfate  dibromide  re¬ 


agent  and  20  ml.  of  the  mercuric  acetate  catalyst  solution.  Dis- 
*  tilled  water  was  added  and  the  free  bromine  was  then  removed  by 
successive  extractions  with  carbon  tetrachloride.  Acidification 
of  the  water  layer  with  sulfuric  acid  and  subsequent  oxidation 
with  hydrogen  peroxide  gave  a  negative  test  for  bromide  ion, 
using  the  sensitive  fluorescein  method  of  detection  {26).  This 
result  is  evidence  of  the  absence  of  a  secondary  substitution  reac¬ 
tion  and  substantiates  the  claim  of  Rosenmund  and  Kuhnhenn 
{20)  in  this  respect. 
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Figure  3.  Effect  of  Excess  Bromine  on  Iodine  Number  of 
Crude  Tall  Oil  for  Long  Absorption  Period 


The  reported  iodine  value  does  not  necessarily  represent  with 
great  accuracy  the  true  total  carbon-to-carbon  unsaturation  of 
crude  tall  oil.  Reactions  other  than  carbon-to-carbon  addition 
or  the  secondary  substitution,  shown  above  to  be  absent,  although 
improbable,  may  occur  and  cause  the  apparent  iodine  value  to  be 
higher  than  the  true  one  for  carbon-to-carbon  unsaturation  alone. 
However,  the  results  obtained  appear  to  be  consistent,  and  the 
method  proposed  has  distinct  value  for  purposes  of  identification 
and  analytical  control.  For  example,  the  degree  of  hydrogena¬ 
tion  of  a  partially  hydrogenated  pilot-plant  sample  of  crude  tall 
oil  was  computed  from  iodine  numbers  determined  by  this 
method.  The  result  agreed  almost  exactly  with  that  obtained  by 
graphical  integration  of  the  differential  rate  curve,  determined  ex¬ 
perimentally  by  observations  of  hydrogen  pressure  drop. 

DISCUSSION 

Application  of  this  method  to  other  fatty  acids  and  glycerides 
immediately  suggests  itself.  Because  of  its  success  with  tall  oil,  it 
is  especially  recommended  for  other  highly  unsaturated  and  con¬ 
jugated  systems  such  as  rosin  acids,  tung  oil,  linseed  oil,  natural 
resins,  synthetic  rubberlike  materials,  etc. 

Although  the  effect  of  temperature  on  the  rate  of  bromine  ab¬ 
sorption  was  not  studied,  this  effect  undoubtedly  does  exist.  It 
is  therefore  necessary  that  the  absorption  be  allowed  to  take  place 
at  constant  temperature.  When  a  large  number  of  routine  de¬ 
terminations  are  made,  it  is  suggested  that  during  the  absorption 
period  the  sample  bottles  be  placed  on  a  rack,  provided  with  a 
cover  or  hood  to  keep  out  the  light,  and  partly  immersed  at  con¬ 
stant  temperature  in  a  thermostatically  controlled  water  bath. 
It  is  possible  that  an  absorption  temperature  somewhat  higher 
than  27°  C.  may  shorten  the  required  absorption  period. 

Further  refinements  of  this  method  suggest  themselves,  such  as 
increasing  the  concentration  of  bromine  in  the  reagent,  leading  to 
the  use  of  either  less  volume  of  reagent  or  a  greater  quantity  of 
sodium  thiosulfate  solution  for  the  titrations,  the  use  of  auto- 
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matic  pipets  and  highly  accurate  thin-bore  burets,  and  the  de¬ 
velopment  of  a  micromethod.  The  reader  is  referred  to  von  • 
Mikusch  and  Frazier  (26)  and  Yasuda  (29)  for  specific  examples. 
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An  Improved  Vacuum  Distilling  Head 

W.  F.  BARTHEL 
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ONE  of  the  most  convenient  setups  for  ordinary  vacuum  dis¬ 
tillation  consists  of  a  Claissen  flask  in  conjunction  with  a 
distilling  flask  or  another  Claissen  flask  as  a  condenser  and  re¬ 
ceiver.  This  arrangement 


eter,  and  vacuum,  respectively.  Standard-taper  joints  at 
and  7  greatly  facilitate  change  of  flasks  1  and  5.  Drip  tip  6  he 
prevent  holdup  in  the  delivery  tube.  Flask  5  is  cooled  with  rt 
ning  water  or  a  bath  of  ice  or  solid  carbon  dioxide.  No  otl 

condenser  is  needed. 


has  several  advantages.  It 
may  be  set  up  and  taken 
down  rapidly;  a  good 
vacuum  can  be  readily  ob¬ 
tained;  there  is  no  appre¬ 
ciable  holdup  of  the  distil¬ 
late  between  still  and 
receiver;  and,  after  the  dis¬ 
tillation,  the  distillate  is  in 
a  still  ready  for  distillation 
again  if  need  be.  On  the 
other  hand,  the  necessity 
of  keeping  on  hand  many 
different  sizes  of  flasks  is  a 
serious  disadvantage,  since 
these  flasks  have  little  use 
except  for  distillations. 

The  apparatus  in  Figure 
1  was  designed  to  overcome 
this  disadvantage,  and  also 
for  convenience  in  setting 
up  the  still  without  sacrific¬ 
ing  any  of  the  advantages 
of  the  Claissen  flask. 


Openings  3,  4,  and  8  are 
for  capillary  tube,  thermom¬ 


The  flasks,  when  not 
use  for  distilling,  may 
used  for  other  purpos 
The  distilling  head  is  si 
pie  to  construct  and  tal 
very  little  space.  All  t 
advantages  of  the  Claiss 
flasks  are  retained  withe 
the  need  of  a  large  sto 
of  flasks  which  have  or 
one  use.  With  this  a 
paratus  it  is  practical 
use  flasks  of  50-  to  2000-r 
capacity  without  alteri 
the  dimensions  of  the  hea 
A  number  of  laborato 
supply  houses  make 
standard-taper  Claisse 
type  distilling  head,  b 
in  order  to  use  their  a 
paratus  for  a  vacuum  d 
filiation  either  an  auxilia 
condenser  or  a  vacuu 
adapter  is  necessary,  whi 
increases  the  holdup  ai 
complexity  of  the  a 
paratus. 


Colorimetric  Determination  of  Nickel  in  Steel 

G.  R.  MAKEPEACE  and  C.  H.  CRAFT 
Metallurgical  Laboratory,  Menasco  Manufacturing  Company,  Burbank,  Calif. 


e  method  of  Murray  and  Ashley  for  the  colorimetric  determine* 
i  n  of  nickel  in  steel  is  outlined  and  criticized.  Experimental  data 
«  presented  on  the  stability  under  various  conditions  of  the  red 
ilor  of  oxidized  nickel  dimethylglyoxime.  A  modification  of  the 
nthod  is  described  which  gives  a  highly  stable  and  readily  repro- 

JURRAY  and  Ashley  ( 1 )  have  presented  a  method  for  de- 
/fl  veloping  quantitatively  the  red  color  of  oxidized  nickel 
( nethylglyoxime. 

The  sample  is  dissolved  in  dilute  nitric  acid  (in  the  case  of  diffi- 
1  Itly  soluble  chromium-nickel  steels,  a  mixture  of  nitric  and 
Idrochloric  acids  is  used).  To  an  aliquot  of  suitable  size  the 
I  lowing  additions  are  made :  citric  acid  to  prevent  iron  pre- 
oitation  at  the  final  pH,  bromine  water  to  oxidize  nickel,  am- 
iinium  hydroxide  in  sufficient  quantity  to  bring  the  pH  to  8-9, 
id  dimethylglyoxime  in  the  form  of  1%  solution  in  alcohol  to 
i  velop  the  red  nickel  color.  The  solution  is  diluted  to  known 
\lume  and  the  color  is  compared.  A  wave  length  that  has  been 
rommended  for  spectrophotometric  reading  is  530  mp.. 

Although  the  method  of  Murray  and  Ashley  has  been  used  with 
:-ne  success  in  this  laboratory  and  elsewhere,  it  has  certain  un- 
cnrable  characteristics.  The  color  developed  in  the  nickel  solu- 
t  n  shows  continuous  change  from  the  instant  of  addition  of  di¬ 
nt  hylgly  oxime,  tending  for  the  first  few'  minutes  to  become  more 
i  ense,  then  to  fade.  Murray  and  Ashley  note  the  phenomenon 
( the  color  intensity  change  at  530  mM  with  time,  and  present  a 

>  of  curves  illustrating  its  characteristics.  At  no  time  is  there 
loeriod  of  constant  transmittance  in  the  transmittance  vs.  time 
irve  of  sufficient  duration  to  give  a  time  margin  for  truly  repro- 
dcible  reading. 

Both  the  slope  and  the  time  of  the  minimum  of  the  transmit- 
tice  vs.  time  curve  appear  to  be  changed  by  changes  in  the 
i  kel  concentration  of  the  solution  used  for  making  the  curve, 
'lall  differences  in  pH  at  the  time  of  adding  dimethylglyoxime 
t  otherwise  similar  solutions  were  found  to  have  pronounced 
53cts  on  the  shape  of  the  transmittance  vs.  time  curve,  altering 
1th  the  slope  and  the  position  of  the  minimum  to  a  marked  de- 
i:e. 

(1  80%  of  the  recommended  amount  of  ammonium  hydroxide 
1  lsed,  no  color  at  all  develops  (pH  6.8).  (All  pH  measurements 
*  re  made  with  a  Leeds  &  Northrup  potentiometric  pH  meter 
l  ng  a  standard  glass  electrode  and  a  calomel-saturated  potas- 
m  chloride  reference  electrode.)  With  90%  of  the  amount  re¬ 
ared  (pH  8.1),  the  rate  of  color  development  is  slow'  and  rate 
fading  is  high.  If  the  concentration  of  ammonium  hydroxide 
wigh,  the  rate  of  color  development  is  high  and  the  rate  of  fading 
'W,  solutions  retaining  substantially  all  their  color  for  several 
'  ->rs-  If  as  much  as  four  times  the  recommended  amount  of 
imonium  hydroxide  is  used,  the  color  is  completely  developed 
(about  30  seconds.  A  second  effect  enters,  however — a  rapidly 
(reasing  interference  of  the  iron  in  the  solution.  Ultimately 
(n  hydroxide  is  precipitated  under  these  conditions.  Critical 
animation  of  the  pH  range  within  which  the  Murray-Ashley 
)thod  is  workable  shows  it  to  be  less  than  1  pH  unit,  pH  8.2  to 
'  ■  It  was  found  that  the  amounts  of  tartaric  acid,  bromine 
■'ter,  and  dimethylglyoxime  solution  were  not  critical  above 
minimum  value  if  sufficient  extra  ammonium  hydroxide  w'as 

>  led  to  neutralize  increases  in  the  acid  content. 

t  was  concluded  that  the  unmodified  method  of  Murray  and 
ffiley,  while  suitable  for  many  purposes,  is  not  sufficiently  re¬ 
ducible  (at  least  without  elaborate  precautions)  to  meet  the 
:-ds  of  this  laboratory.  It  does,  however,  have  the  virtue  of 
'  ng  rapid.  It  was  in  an  effort  to  retain  its  speed  while  improv- 
its  accuracy  that  this  research  was  undertaken.  The  original 
f hod  recommends  dissolving  the  sample  in  1  to  1  nitric  acid, 


ducible  red  color,  and  is  particularly  suitable  for  routine  work  be¬ 
cause  of  its  rapidity  and  manipulative  simplicity.  Copper  and  cobalt 
interfere  only  slightly;  the  other  elements  ordinarily  found  in  steel 
do  not  interfere.  The  accuracy  of  the  method  is  comparable  to  that 
of  routine  gravimetric  procedures. 

except  difficultly  soluble  chromium-nickel  steels  for  which  a  mix¬ 
ture  of  equal  parts  of  nitric  and  hydrochloric  acids  is  suggested. 
Since  many  of  the  steels  analyzed  in  this  laboratory  contain  about 
1%  chromium  and  do  not  dissolve  completely  in  nitric  acid  or 
rapidly  in  hydrochloric  acid,  a  method  was  tried  of  decomposing 
first  in  an  “acid  mixture”  (133  ml.  of  1.82  sp.  gr.  sulfuric  acid  and 
167  ml.  of  85%  phosphoric  acid  per  liter  of  solution)  and  then 
completing  dissolution  by  adding  1  to  1  nitric  acid.  For  1% 
chromium  steels  the  method  was  more  rapid  than  decomposing 
w'ith  hydrochloric  acid  and  more  nearly  complete  than  dissolving 
in  nitric  acid.  No  effect  on  the  development  of  the  nickel  color 
was  observed. 

In  the  effort  to  produce  a  nickel  color  that  would  be  quickly 
formed,  stable,  and  reproducible  w'ithout  elaborate  control  of  the 
conditions  of  development,  various  other  basic  substances  w'ere 
tried  in  place  of  ammonium  hydroxide.  Among  them  were  so¬ 
dium  carbonate,  sodium  tetraborate,  sodium  orthophosphate, 
potassium  pyrophosphate,  and  sodium  hydroxide,  all  in  the  con¬ 
centrations  required  to  produce  the  proper  pH  range  for  color 
development.  None  proved  satisfactory.  Other  oxidizing 
agents  such  as  sodium  perborate,  potassium  chlorate,  potassium 
iodate,  and  hydrogen  peroxide  were  tried  in  place  of  the  bromine . 
Only  ammonium  peroxydisulfate  in  the  presence  of  silver  ion 
showed  promise,  but  the  desired  degree  of  color  stability  was  not 
achieved  with  it.  The  effects  of  solution  temperature  on  color 
development  were  studied,  but  no  worthwhile  modification  util¬ 
izing  temperature  control  was  found.  Color  development  at  high 
ammonium  hydroxide  concentration  followed  by  reduction  of  the 
solution  pH  to  8.5  to  prevent  iron  precipitation  proved  unwork¬ 
able. 

It  was  realized  at  this  point  that  tartaric  acid  will  hold  iron  in 
solution  at  a  considerably  higher  pH  than  will  citric  acid.  Ac¬ 
cordingly,  the  citric  acid  was  replaced  by  tartaric.  Upon  experi¬ 
ment  it  was  discovered  that,  while  iron  will  develop  an  interfering 
color  in  tartrate  solutions  made  basic  with  ammonium  hydroxide 
nearly  as  quickly  as  in  citrate  solutions  under  the  same  conditions, 
the  interference  and  any  precipitate  that  may  form  can  be  cleared 
up  rapidly  by  increasing  the  pH  still  further  with  sodium  hydrox¬ 
ide.  This  is  not  true  of  citrate  solutions.  While  the  nickel  color 
develops  slowly  and  incompletely  in  very  dilute  sodium  hydroxide 
solutions  of  pH  8  to  9  and  not  at  all  in  more  concentrated  solu¬ 
tions,  the  color,  once  developed,  remains  stable  over  long  periods 
of  time  even  in  rather  strongly  basic  sodium  hydroxide  solutions. 
In  view  of  these  facts,  the  following  approach  was  tried: 

The  sample  was  treated  with  tartaric  acid  and  bromine  and 
made  strongly  ammoniacal.  Then  the  dimethylglyoxime  solu¬ 
tion  was  added.  Under  these  conditions  the  color  developed 
rapidly.  After  1  minute,  sodium  hydroxide  was  added.  After 
2  to  3  minutes  the  increase  in  iron  interference  which  had  taken 
place  in  ammoniacal  solution  cleared  up  completely  and  the  color 
became  stable.  No  further  change  in  color  and  consequently  in 
transmittance  at  530  m/j  was  observed.  The  reading  at  24  hours 
was  identical  with  the  reading  5  minutes  after  adding  dimethyl¬ 
glyoxime. 

PROCEDURE 

Since  these  results  seemed  very  encouraging,  a  procedure  was 
devised  to  make  use  of  them  and  was  used  in  all  the  studies  here¬ 
after  reported.  High-purity  reagents  must  be  used.  Particular 
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attention  should  be  paid  to  the  suitability  of  the  tartaric  acid  and 
of  the  dimethylglyoxime. 

Decompose  a  0.25-gram  sample  in  20  ml.  of  an  acid  mixture 
(133  ml.  of  1.82  sp.  gr.  sulfuric  acid  and  167  ml.  of  85%  ortho- 
phosphoric  acid  per  liter  of  solution).  Steels  containing  little 
chromium  may  be  dissolved  directly  in  8  A-  nitric  acid.  Stainless- 
type  steels  may  require  the  use  of  hydrochloric  acid.  Cautiously 
add  10  ml.  of  8  A  nitric  acid  and  boil  to  expel  oxides  of  nitrogen. 
Transfer  the  solution  to  a  volumetric  flask  of  suitable  size  and 
dilute  to  the  mark.  Transfer  by  pipet  to  a  100-ml.  volumetric 
flask  an  aliquot  of  the  diluted  solution  containing  between 
0.05  and  0.3  mg.  of  nickel.  Add  to  it,  mixing  after  each  addi¬ 
tion,  5  ml.  of  a  20%  tartaric  acid  solution,  5  ml.  of  saturated 
bromine  water,  10  nil.  of  0.90  sp.  gr.  ammonium  hydroxide,  and 
5  ml.  of  a  1%  solution  of  dimethylglyoxime  in  methyl  alcohol. 
(Occasional  difficulties  in  development  of  color  and  in  fading  upon 
addition  of  sodium  hydroxide  have  been  traced  to  impure  or 
partially  decomposed  tartaric  acid  and  dimethylglyoxime.  c.p. 
reagents  are  not  uniformly  satisfactory  in  this  respect.  Impure 
tartaric  acid  interferes  with  development  of  color  upon  addition 
of  dimethylglyoxime,  in  extreme  cases  preventing  any  color 
fojmation  at  all.  Impure  dimethylglyoxime  results  in  a  fading  of 
the  color  upon  addition  of  sodium  hydroxide.  The  fading  may 
take  place  very  rapidly  or  slowly,  depending  on  the  degree  of 
impurity.  Both  difficulties  can  be  overcome  by  special  treat¬ 
ment.  Addition  of  a  second  5-ml.  portion  of  bromine  water  after 
introduction  of  the  dimethylglyoxime  ensures  complete  color  de¬ 
velopment.  Difficulties  with  the  dimethylglyoxime  reagent  can 
be  overcome  by  acidifying  the  alcohol  solution  with  dilute  sulfuric 
acid  and  adding  enough  bromine  water  to  color  it  yellow.  This 
should  be  done  15  to  30  minutes  before  it  is  used.  Occasional 
small  further  additions  of  bromine  water  are  necessary  to  keep 
the  solution  yellow.  The  treated  reagent  is  usable  for  only  a  few 
hours.) 

After  1  minute  add  10  ml.  of  6  A  sodium  hydroxide  solution 
and  dilute  to  the  mark.  After  5  minutes,  transfer  the  solution 
to  the  optical  cell  and  compare  the  transmittance  at  530  m/x  with 
that  of  pure  water. 

Two  transmittance  vs.  wave-length  curves  were  prepared,  one 
from  National  Bureau  of  Standards  Bessemer  steel  lOd  contain¬ 
ing  substantially  no  nickel,  and  one  from  a  nickel  solution  made 
from  c.p.  nickel  nitrate.  They  are  shown  in  Figure  1  as  read  on  a 
Coleman  Universal  spectrophotometer.  A  Beckman  spectro¬ 
photometer,  with  a  much  narrower  wave  band  than  the  Coleman, 
gave  a  similar  curve  for  the  nickel  solution;  the  positions  of  the 
maxima  and  minima  were  identical.  Appreciable  interference  of 
the  blank  (Bessemer  steel),  however,  did  not  occur  on  the  Beck¬ 
man  instrument  until  wave  lengths  as  short  as  470  m/x  were 
reached. 

From  a  study  of  these  curves  it  was  decided  that  the  most  satis¬ 
factory  wave  length  for  reading  the  transmittance  of  the  nickel 
color  in  steel  on  a  Coleman  Universal  spectrophotometer,  which 
has  a  wave  band  width  of  35  ni/x,  is  530  m/x,  the  wave  length  origi¬ 
nally  suggested  for  the  method  of  Murray  and  Ashley.  This  se¬ 
lection  was  made  on  a  basis  of  minimum  interference  of  the  blank 
and  maximum  interference  of  the  nickel  color.  For  instruments 
with  a  wave  band  much  narrower  than  35  m/x,  such  as  the  Beck¬ 
man  photoelectric  spectrophotometer,  a  lower  setting  such  as  480 
or  490  m/i  seems  to  be  preferable,  since  the  lower  value  is  closer 
to  a  minimum  of  the  nickel  curve  and  since  iron  interference  is 
small  in  this  range  with  such  an  instrument.  Presumably,  it 
would  be  possible  to  use  for  both  spectrophotometers  a  wave¬ 
length  setting  at  the  470  m/x  minimum  of  the  nickel  curve,  if  a 
blank  prepared  from  a  steel  free  of  nickel  were  used  as  the  ref¬ 
erence  solution,  thus  canceling  the  effect  of  iron  interference. 

For  colorimeters  using  filters  one  probably  would  do  best  to  se¬ 
lect  a  filter  with  a  rather  sharp  cutoff  at  about  450  m/x,  passing  no 
light  of  shorter  wave  length.  This  selection  is  indicated  to  elim¬ 
inate  interference  due  to  the  color  of  the  iron  present.  Increased 
sensitivity  can  be  obtained  by  further  restriction  of  the  wave 
length  of  light  used  for  comparison  to  the  range  of  maximum  in¬ 
terference  of  the  nickel  color. 

Samples  were  taken  from  a  series  of  National  Bureau  of  Stand¬ 
ards  nickel-containing  steels  and  mixtures  of  these  steels  to  cover 
in  small  steps  a  series  of  nickel  percentages  from  0.002  to  5.12. 


Figure  1 .  Per  Cent  Transmittance  vs.  Wave  Length 

Curves  for  Bessemer  steel  blank  and  C.P.  nickel  nitrate  solution  as  read  or 
Coleman  Universal  spectrophotometer  (35  mu  band  width) 


They  were  prepared  according  to  •  the  method  previously  c 
lined,  and  the  points  so  obtained  were  plotted  on  semilog  pa 
with  the  per  cent  transmittance  of  the  sample  compared  w 
water  at  530  m/x  as  the  ordinate  and  the  per  cent  of  nickel  in 
steel  as  the  abscissa.  In  this  fashion  three  transmittance 
concentration  curves  were  obtained,  for  0  to  1%,  1  to  2.5%,  £ 
2.5  to  5.5%  nickel  steels.  A  total  of  27  concentrations  was  u: 
in  obtaining  the  three  curves. 

The  color  was  found  to  follow  the  Beer-Lambert  law  very 
actly  when  read  at  530  m/x ;  therefore  the  transmittance  vs.  a 
centration  curves,  when  plotted  as  described,  were  straight  li 
over  the  entire  range  utilized. 

No  one  of  the  27  points  determined  from  the  National  Burt 
of  Standards  samples  deviated  from  the  transmittance  vs.  c< 
centration  curves  plotted  from  them  by  more  than  2%  of  the  to 
nickel  present  in  the  steel  in  the  case  of  steels  containing  m 
than  1%  nickel.  No  one  of  the  points  deviated  from  the  tra 
mittance  vs.  concentration  curve  by  more  than  0.02%  nickel 
“points”)  based  on  the  total  analysis  of  the  steel  in  the  case 
steels  containing  less  than  1%  nickel.  These  points  were  est; 
fished  by  single  determinations,  not  by  averages  of  groups  of  ( 
terminations.  The  differences  between  the  high  and  the  L 
values  on  the  National  Bureau  of  Standards  reports  sent  wi 
each  steel  are  as  great  as  1.7%  of  the  total  nickel  present  in  t 
steel  in  the  case  of  steels  containing  more  than  1%  nickel.  B 
ferences  of  as  much  as  0.021%  of  nickel  (2  “points”)  based  on  t 
total  analysis  of  the  steel  are  fisted  in  the  case  of  steels  contain! 
less  than  1%  nickel. 

Reproducibility  was  checked  by  making  five  complete  den 
minations  by  the  authors’  method  on  National  Bureau  of  StaE 
ards  nickel  steel  33b  containing  3.48%  nickel.  Using  the  trai 
mittance  vs.  concentration  curve  established  for  steels  containi 
2.5  to  5.5%  nickel,  the  average  value  of  the  five  determinatio 
was  3.48%  nickel.  The  maximum  deviation  from  the  avera 
value  was  —0.05%  nickel.  High  and  low  values  on  the  Natior 
Bureau  of  Standards  report  are  3.51  and  3.46%  nickel,  resp< 
tively.  The  method  appears  to  be  capable  of  the  high  order 
reproducibility  necessary  for  precise  steel  analysis. 
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SENSITIVITY 

Tests  were  made  to  determine  the  sensitivity  of  the  method  to 
a  all  variations  in  procedure.  It  was  found  that  the  tartaric 
id,  bromine  water,  and  dimethylglyoxime  added  could  be 
:creased  25%  or  increased  100%  without  affecting  the  re- 
Its.  The  ammonium  hydroxide  may  be  decreased  20%  or  in- 
eased  50%  without  effect.  Approximately  the  same  range  of 
dues  holds  for  the  sodium  hydroxide.  It  was  determined  that 
e  time  elapsed  between  adding  the  dimethylglyoxime  and  the 
dium  hydroxide  is  not  critical  so  long  as  it  exceeds  1  minute — 
color  development  is  complete  in  less  than  1  minute. 

iThree  identical  samples  equivalent  to  a  standard  steel  contain- 
K  0.60%  nickel  were  prepared,  using  for  each  sample  0.125  gram 
(  National  Bureau  of  Standards  Bessemer  steel  lOd  and  0.125 
fim  of  nickel-chromium  steel.32c.  To  sample  1  the  sodium  hy- 
ioxide,  which  arrests  color  development  as  well  as  preventing 
im  precipitation,  was  added  30  seconds  after  adding  di- 
lithylglyoSime ;  to  sample  2, 5  minutes  after  adding  the  dimethyl- 
poxime;  and  to  sample  3,  10  minutes  after  adding  the  di- 
Jpthylgly oxime.  In  each  case  the  solution  was  diluted  to  the 
dumetric  mark  and  mixed  immediately  after  adding  the  sodium 
1  droxide.  Transmittance  readings  in  each  case  were  taken  10 
mutes  after  adding  the  sodium  hydroxide.  The  results,  ex¬ 
ited  in  terms  of  the  analysis  of  the  steel  as  read  from  the  0  to 
%  nickel  curve,  averaged  0.599%  nickel  with  a  maximum  devia- 
tn  from  the  average  value  of  0.005%  nickel. 

INTERFERENCES 

1 

The  method  was  tested  for  interference  by  copper,  cobalt,  tung- 
f!n,  molybdenum,  chromium,  and  vanadium.  The  small 
tiounts  of  copper  (less  than  0.2%)  present  in  the  usual  steels  did 
it  interfere.  Copper,  when  present  to  the  extent  of  0.50%  in 
•j-  steel,  caused  a  positive  nickel  error  of  0.02%.  Cobalt,  when 
tded  to  the  sample  equivalent  to  2.5%  in  the  steel,  caused  a  posi- 
te  error  of  0.03%  nickel.  Both  elements  were  tested  for  inter- 
f|ence  on  a  sample  of  steel  containing  0.60%  nickel.  The  inter- 


Table  I.  Analysis  of  Steels 

Sample  50a  Sample  132 


Bureau  of 

Authors’ 

Bureau  of 

Authors' 

Standards 

method 

Standards 

method 

% 

% 

% 

% 

Tungsten 

18.25 

6.29 

Chromium 

3.52 

4.09 

Vanadium 

0.970 

1.64 

Nickel 

0 . 045 

0.07 

0.095 

0A3 

Molybdenum 

7.08 

ference  of  the  other  elements  mentioned  was  determined  by  using 
the  method  without  modification  of  any  sort  to  analyze  for  nickel 
in  two  Bureau  of  Standards  tool  steel  samples,  50a  and  132. 

In  view  of  the  extreme  conditions  in  these  two  analyses  and 
the  small  error  in  nickel  in  each  case,  it  was  concluded  that  these 
elements  do  not  interfere  with  the  determination  to  any  appre¬ 
ciable  extent.  In  the  analysis  of  ordinary  chromium-nickel  stain¬ 
less  steels,  no  interference  by  chromium  was  observed. 

ADVANTAGES  OF  METHOD 

The  most  important  advantages  of  the  method  are  its  rapidity 
and  its  freedom  from  manipulations  requiring  exceptional  pre¬ 
cautions  or  a  high  degree  of  analytical  skill.  It  is  well  suited  for 
routine  use.  When  a  group  of  five  samples  was  analyzed  by  a 
worker  only  recently  familiar  with  the  method,  the  total  elapsed 
time,  exclusive  of  weighing,  was  1  hour  and  10  minutes  (results 
reported  above  in  paragraph  on  reproducibility).  If  a  large  num¬ 
ber  of  samples  is  run  at  one  time,  one  thoroughly  familiar  with 
the  method  can  reduce  the  time  required  per  sample  to  about  8 
minutes. 
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Identification  of  Nornicotine  in  Tobacco 

C.  V.  BOWEN  AND  w.  F.  BARTHEL 

U.  S.  Department  of  Agriculture,  Bureau  of  Entomology  and  Plant  Quarantine,  Beltsville,  Md. 


THE  rather  common  occurrence  of  nornicotine  in  tobacco 
(3,  4}  6,  7)  indicates  the  need  of  a  reliable  qualitative  means 
[Identifying  this  alkaloid  when  present  with  nicotine, 
shmuk  (3)  identified  nornicotine  in  such  a  mixture  after 
t  racting  the  ether-soluble  material  from  alkalized  plant  ma- 
tial,  by  forming  the  alkaloid  picrates,  recrystallizing  from  hot 
vter,  and  methylating  the  mixture  of  picrates.  He  attributed 
It  resulting  elevation  in  melting  point  of  the  picrate  to  the 
oiversion  of  nornicotine  to  nicotine. 

This  procedure  has  several  serious  drawbacks.  The  ether 

iract  of  the  alkalized  plant  material  will  contain  pyridine  and 
er  amines,  not  all  of  which  are  removed  by  “blowing”.  These 
apounds  as  well  as  the  alkaloids  form  picrates.  The  re- 
stallizations  that  occur  before  and  during  methylation  will 
tid  to  remove  these  amine  picrates  but  at  the  same  time  to 
Enina te  the  picrate  of  the  minor  alkaloid.  If  the  minor  al- 
koid  is  present  in  small  amount,  it  may  be  lost  in  the  recrystal- 
Lition  of  the  original  picrate.  Since  the  mixed  picrates  before 
t-thylation  have  a  melting  point  lower  than  that  of  nicotine 
prate,  and,  being  solid,  require  the  addition  of  liquid  for  the 
ethylation,  it  is  possible  for  a  fractional  crystallization  to  occur 
*  h  the  formation  of  new  picrate  crystals  richer  in  nicotine 
ntent  and  consequently  having  a  higher  melting  point.  Such 
fuse  in  melting  point  could  easily  be  misinterpreted  as  being 
te  to  methylation  of  nornicotine,  while  in  fact  the  alkaloid 


picrate  originally  present  may  have  been  simply  rendered  richer 
in  nicotine  by  recrystallization.  Such  a  recrystallization  proves 
neither  the  presence  nor  the  absence  of  nornicotine. 

The  proposed  method  differs  from  that  of  Shmuk  in  the 
isolation  of  the  alkaloids  and  in  the  position  of  the  methylation 
step.  The  steam-volatile  tobacco  alkaloids  are  separated  from 
all  other  amines  and  methylated  before  the  picrate  is  formed. 
The  melting  points  of  the  picrates  formed  are  compared  before 
and  after  methylation.  Since  they  are  not  recrystallized  no 
fractional  crystallization  can  occur. 

Markwood  ( 5 )  introduced  methylation  as  a  step  in  the  deter¬ 
mination  of  nornicotine,  but  since  his  method  did  not  depend  on 
melting  points,  he  failed  to  report  the  melting  point  of  methylated 
nornicotine  picrate  as  an  indication  of  the  formation  of  nicotine. 

The  method  presented  here  is  based  on  the  quantitative  methyl¬ 
ation  of  the  nornicotine  and  also  on  the  elevation  of  the  melting 
point  of  the  alkaloid  picrate.  Consequently,  the  methylation 
of  nornicotine  to  nicotine  was  investigated.  The  nornicotine 
used  in  preparing  the  standard  solution  was  identical  with  that 
used  by  Markwood  (7),  had  been  isolated  from  Robinson’s  Me¬ 
dium  Broadleaf,  a  strain  of  Maryland  tobacco,  and  formed  a 
picrate  melting  at  190-191°  C.  The  absence  of  nicotine  was  es¬ 
tablished  by  finding  no  alkaloid  in  the  distillate  after  treating  a 
sample  with  nitrous  acid,  making  the  aqueous  solution  just  basic 
to  phenolphthalein,  and  steam-distilling. 
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Table  I.  Effect  of  Methylation  of  Nornicotine  on  Picrate 
Melting  Point 

Picrate  Melting  Point0 


Sample 

Nornicotine  in 
Alkaloid  Mixture 

Original 

Methyl¬ 

ated 

Mixed 

Nicotine 

% 

°  c. 

221-22.3 

°  c. 

°  c. 

Nornicotine 

100 

187-190 

221-223 

220-223 

Mixtures 

1 

94.8 

168-180 

220-223 

221-223 

2 

89.4 

180-184 

223-224 

221-223 

.3 

84.3 

175-183 

222-223 

221-223 

4 

79.2 

178-183 

222-223 

220-221 

5 

22.9 

205-214 

222-224 

221-224 

6 

19.2 

210-218 

222-224 

222-224 

7 

13.7 

213-220 

222-224 

222-224 

8 

4.6 

215-223 

222-224 

222-224 

“  Not  reerystallized.  Melting  points  corrected  and  rounded  off  to  whole 
numbers. 


METHYLATION  OF  NORNICOTINE 

Tea  milliliters  of  the  nornicotine  solution  containing  23.2  mg. 
■of  the  alkaloid  were  treated  with  formic  acid  and  formaldehyde 
-according  to  Markwood’s  method  (5),  made  alkaline  to  phenol- 
phthalein,  and  steam-distilled.  No  alkaloid  was  detected  in 
the  distillation  residue. 


If  the  melting  point  of  the  methylated  portion  is  higher  t 
that  of  the  untreated  portion  and  is  comparable  with  thal 
the  nicotine  picrate,  and  no  depression  occurs  in  the  mi 
melting  point,  nornicotine  is  confirmed.  Since  nornicotine  is 
only  alkaloid  that  can  be  methylated  to  form  nicotine  and  : 
derivative  of  other  alkaloids  would  affect  the  mixed  melting  po 
it  is  evident  that  nornicotine  is  the  only  steam-volatile  alkal 
aside  from  nicotine  which  is  present  in  the  tobacco  tesl 
Table  II  shows  the  effect  of  methylation. 

Nornicotine  in  tobacco,  tobacco  mixtures,  and  nicotine  preps 
tions  may  be  identified  in  the  same  manner,  although  sma 
samples  should  be  used  when  the  alkaloid  content  is  high. 

Although  this  method  appears  to  be  lengthy,  at  presem 
offers  the  best  chemical  means  for  the  identification  of  norn 
tine,  can  be  conducted  in  any  laboratory,  and  does  not 
quire  expensive  and  specialized  equipment,  such  as  a  polarime 
which  is  now  either  not  available  or  difficult  to  obtain.  It 
the  following  advantages  over  the  method  proposed  by  Shm 
(1)  When  the  picrates  are  formed,  only  the  steam- volatile 
kaloids  rather  than  all  the  ether-extractable  materials 
present;  (2)  since  the  mixed  picrate  is  recrystallized  only 
the  mother  liquor  instead  of  being  recrystallized  from  hot  we 


Table  II.  Effect  of  Methylation  of  Tobacco  Alkaloids  on  Picrate  Melting  Point 


Sample 


Cash  (flue-cured  type) 
Maryland  Medium  Broad- 
leaf  (Robinson) 

Burley,  Halley 
Maryland,  Md.-Conn. 

Broadleaf 
Xanthi  (Turkish) 6 


Analysis 

Nornicotine 
in  Total 
Steam-Volatile 

Picrate  Melting  Point 
Methyl- 

Nicotine 

Nornicotine 

Alkaloid 

Original 

ated 

Mi; 

% 

% 

% 

°  C. 

°  C. 

°  1 

0.70 

2.40 

77 . 4 

182-185 

221-223 

220- 

0.98 

2.18 

68.8 

180-194 

222-223 

219- 

1.2.3 

1.41 

.53.4 

196-206 

220-223 

221- 

2.22 

0.49 

18.1 

203-219 

222-223 

222- 

6.59 

1.28 

16.3 

214-223 

221-224 

221- 

a  Not  recrystallized. 
b  American  grown. 


Melting  points  corrected  and  rounded  off  to  whole  numbers. 


The  alkaloid  in  the  distillate  was  precipi¬ 
tated  as  a  picrate,  the  melting  point  of 
which,  when  not  recrystallized,  was  221- 
223°  C.  A  mixed  melting  point  with  nico¬ 
tine  picrate  prepared  from  a  sample  of  pure 
nicotine  showed  no  depression.  The  pure 
nicotine  had  been  treated  with  nitrous  acid 
for  the  removal  of  nornicotine.  T he  absence 
of  alkaloid  in  the  distillation  residue  and  the 
melting  point  of  the  picrate  of  the  alkaloid 
in  the  final  distillate  prove  the  quantitative 
methylation  of  nornicotine  to  nicotine  by 
means  of  formaldehyde  and  formic  acid. 

A  sharp  melting  point  is  not  to  be  expected 
after  methylation  when  no  recrystallization 
has  been  made.  In  obtaining  the  melting  points,  consideration 
must  be  given  to  the  spread,  although  the  upper  limit  is  the 
most  easily  observed  temperature.  The  entire  spread  must  be 
considered  as  the  melting  point.  Values  obtained  with  known 
mixtures  of  nicotine  and  nornicotine  are  shown  in  Table  I. 

PROCEDURE 

A  1-gram  sample  of  tobacco,  10  ml.  of  sodium  hydroxide  (30% 
by  weight),  and  10  grams  of  sodium  chloride  are  steam-distilled 
into  3  ml.  of  dilute  hydrochloric  acid  (1  +  4)  until  a  fresh  portion 
of  distillate  gives  no  opalescence  when  a  few  milliliters  are  tested 
with  silicotungstic  acid  solution.  The  volume  of  distillate  is 
about  100  ml.  The  steam-volatile  alkaloids  are  separated  from 
other  picrate-forming  materials  by  precipitation  by  silicotungstic 
acid  solution  (12%)  according  to  A.O.A.C.  procedure  (1),  filtered 
on  a  small,  hardened  filter  paper  in  a  Hirsch  funnel,  and  washed 
with  water  containing  1  ml.  of  concentrated  hydrochloric  acid 
per  liter.  The  alkaloid  in  this  residue  is  steam-distilled  from 
sodium  hydroxide  and  sodium  chloride  into  hydrochloric  acid, 
as  above.  The  distillate  is  concentrated  to  about  10  ml.  and 
divided  into  two  approximately  equal  portions.  One  portion  is 
methylated  according  to  Markwood’s  method  by  adding  2  drops 
of  formic  acid  and  5  ml.  of  formaldehyde  (37%)  and  refluxing 
for  15  minutes.  It  is  then  cooled  and  neutralized,  and  25  ml.  of 
saturated  aqueous  picric  acid  solution  are  added.  This  solution 
is  next  concentrated  by  boiling  to  about  30  ml.  and  allowed  to 
cool  slowly'.  Twenty-five  milliliters  of  the  picric  acid  solution 
are  added  to  the  neutralized  unmethylated  portion,  warmed  to 
dissolve  the  precipitate,  cooled  slowly.  The  alkaloid  picrates 
are  filtered  off  and  washed,  once  with  dilute  picric  acid  solution 
and  once  wdth  water.  The  melting  points  of  the  picrates  of 
the  unmethylated  distillate,  the  methylated  portion,  and  the 
methylated  portion  mixed  with  nicotine  picrate  are  compared 
for  an  elevation  of  temperature  due  to  methydation.  The 
nicotine  picrate  should  be  prepared  from  pure  nicotine  and  washed 
in  the  same  manner  as  the  unmethylated  portion. 


and  again  in  the  methylation  process,  the  possibility  of  loss 
the  minor  alkaloid  is  eliminated;  and  (3)  the  steam-distillat 
requires  less  time  than  an  ether  extraction.  An  improved  stes 
distillation  apparatus  (2)  was  used,  but  any  steam-distillation 
paratus  may  be  conveniently  used  although  the  time  may 
longer  and  the  volume  of  the  distillate  larger.  When  nicotine  £ 
nornicotine  are  determined  ($),  aliquants  of  the  first  distill 
may  be  used  to  confirm  the  presence  of  nornicotine. 

SUMMARY 

Nornicotine  may  be  identified  in  tobacco,  insecticidal  toba 
preparations,  and  nicotine  preparations  by  comparing  the  mi 
ing  point  of  the  mixed  picrates  of  the  steam-volatile  alkalc 
with  the  picrate  melting  point  of  a  methylated  sample  there 
Methylation  of  the  nornicotine  gives  nicotine;  consequeni 
the  picrate  of  the  methylated  alkaloids  will  melt  at  the  sa 
point  as  nicotine  picrate  and  no  depression  of  melting  point  \ 
occur  in  a  mixed-melting  point  determination  with  nicotine  { 
rate  in  those  cases  where  steam-volatile  alkaloids  other  tl 
nicotine  and  nornicotine  are  substantially  absent, 

Nornicotine  was  confirmed  in  tobacco  samples  by  this  meth 
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Colorimetric  Determination  of  Phosphorus 
as  Moiybdivanadophosphoric  Acid 

R.  E.  KITSON  with  M.  G.  MELLON 

Purdue  University,  Lafayette,  Ind. 


-spectrophotometric  study  of  the  moiybdivanadophosphoric  acid 
Tthod  for  the  determination  of  phosphorus  justifies  its  general 
rommendation  for  measuring  this  element  colorimetrically.  The 
eierimental  work  covered  the  effects  of  the  following  variables: 

YELLOW  hue  forms  on  adding  an  excess  of  a  molybdate 
r  \  solution  to  an  acidified  solution  mixture  of  a  vanadate  and 
u  orthophosphate.  Presumably  the  colored  component  formed 
Inolybdivanadophosphoric  acid. 

'  lission  (6)  first  proposed  using  this  reaction  as  a  basis  for  a 
■c  rimetric  method  for  determining  phosphorus  in  steel.  Later 
J'ZOV  (1),  Schroder  (8),  and  Murray  and  Ashley  (7)  used  it  for 
tils,  and  Willard  and  Center  (10)  modified  it  for  iron  ores, 
tiently  Koenig  and  Johnson  (4)  applied  it  to  biological  mate- 
K. 

he  general  objective  of  the  present  work  was  to  extend  our 
Dvledge  of  the  analytical  possibilities  of  this  mixed  heteropoly 
fj,  since  it  is  one  of  the  few  known  examples  of  such  compounds 
a  ng  direct  value  in  colorimetry.  More  specifically,  it  seemed 
®:able  to  determine  the  general  applicability  of  the  procedure, 
Hiding  its  merits  relative  to  other  available  colorimetric 
Miods  for  phosphorus,  and  to  examine  more  critically  its  appli- 
•on  to  the  determination  of  phosphorus  in  steel. 

GENERAL  EXPERIMENTAL  WORK 

i.»paiIatus  and  Solutions.  Transmittancy  measurements 
e  made  in  1.000-  or  5.00-cm.  cells  with  a  General  Electric  re¬ 
eling  spectrophotometer  adjusted  for  a  spectral  band  width 
!  1  m !x.  It  necessary  to  correct  for  a  pale  color  in  the  reagents, 
impensating  blank  was  used  in  the  reference  beam  of  the 
K  rophotometer.  Otherwise  distilled  water  was  used. 

-  standard  solution  containing  0.1  mg.  of  phosphorus  per  ml 

*  prepared  by  dissolving  twice  recrystallized  potassium  hydro- 
ttihosphate  in  water.  A  5%  solution  of  ammonium  molybdate 
•prepared  by  dissolving  the  salt,  (NID7M07O24.4H2O,  in  warm 
ar  (50  C.).  The  vanadate  solution  was  made  by  dissolving 
6  rams  of  ammonium  vanadate,  NH4VO3,  in  500  mi.  of  boiling 
a  r,  cooling  the  solution  somewhat,  adding  20  ml.  of  eoncen- 
Jd  nitric  acid,  and  diluting  to  1  liter  after  allowing  the  mix- 
1  to  cool  to  room  temperature.  To  determine  the  effect  of 
tse  10ns,  nitrate,  sulfate,  or  acetate  salts  were  used  for  the 

*  ns  and  sodium,  potassium,  or  ammonium  salts  for  the  an- 

The  various  acids  were  analytical  grade  reagents. 

Ii  Reaction.  Although  Mission  (6‘)  formulated  the  am- 
salt  of  the  heteropoly  complex  as  (NILLPCh.NILVO-,.- 
,  the  exact  nature  of  the  compound  is  not  clear.  It  can- 
lily  be  fitted  into  either  the  Rosenheim  or  the  Keggin 
1  for  heteropoly  compounds.  Presumably  the  acid  is 
)y  substitution  of  both  molybdenum  and  vanadium  oxide 
for  oxygen  in  the  phosphate  radical  to  give  a  mixed 
ily  compound.  If  such  is  the  case,  the  ratio  of  vanadium 
ihorus  would  have  to  be  at  least  2  to  1,  and  the  ratio  of 
num  to  phosphorus  not  greater  than  10  to  1. 

:ation  of  the  method  of  Vosburgh  and  Cooper  (9)  to  de- 
these  ratios  was  tried.  Although  previously  this  process 
1  used  on  relatively  simple  systems,  it  seemed  that  the 
•of  vanadium  to  phosphorus  might  be  determined  by  hold- 
ie  molybdate  and  acid  concentration  constant.  However, 

'  suits  indicated  that  the  ratio  of  vanadium  to  phosphorus  is 
I  1.  Attempts  to  determine  the  ratio  of  molybdenum  to 


acidity,  reagent  and  phosphorus  concentrations,  temperature,  order 
of  adding  reagents,  stability,  and  some  60  diverse  ions.  As  one 
result,  an  improved  method  is  proposed  for  applying  the  method  to 
determining  phosphorus  in  plain  carbon  and  low-alloy  steels. 

vanadium  plus  phosphorus  failed,  probably  because  most  color 
reactions  involving  a  heteropoly  molybdate  require  a  large  excess 
of  molybdate  for  color  development.  If  one  may  reason  from 
the  results  obtained,  it  appears  that  the  compound  is  not  of  the 
type  represented  by  the  Rosenheim  formulation  II7P(Mo->0;)„- 
(V*0,).-».  Although  the  constitution  of  moiybdivanadophos¬ 
phoric  acid  remains  uncertain,  fortunately  the  usefulness  of  the 
colorimetric  procedure  is  unaffected. 

Effect  of  Variables  on  the  Color  Development.  To 
study  the  effect  of  variables  on  the  color  development,  the  fol¬ 
lowing  experimental  procedure  was  used: 

A  definite  volume  of  phosphate  solution,  usually  5  ml.,  was 
placed  in  a  50-ml.  volumetric  flask,  together  with  enough  watei 
to  bring  the  volume  of  solution  to  about  20  ml.  Five  milliliters 
each  of  nitric  acid  (1  to  2),  0.25%  ammonium  vanadate  solution, 
and  5%  ammonium  molybdate  solution  were  added  in  order. 
Anjr  precipitate  formed  was  dissolved  by  mixing.  The  solution 
was  then  diluted  to  the  mark  with  water  and  mixed,  and  the  tran.s- 
mittaney  curve  determined. 

Acid  Concentration.  In  all  previous  work,  except  that  of  Wil¬ 
lard  and  Center  (10),  nitric  acid  was  used.  If  it  is  employed, 
there  must  be  enough  present  to  prevent  the  appearance  of  an 
orange-yellow  color  which  forms  in  neutral  or  slightly  acidic 
solutions.  If  the  acidity  exceeds  0.2  N,  this  color  does  not  ap¬ 
pear.  Additional  acid,  up  to  1.6  N,  has  no  effect  on  the  color, 
except  that  it  develops  more  slowly  at  the  higher  acidities.  At 
acidities  above  1.6  A  the  color  forms  so  slowly  that  a  considerable 
negative  error  may  arise.  The  optimum  acidity  of  about  0.5  N 
is  readily  secured  by  using  5  ml.  of  nitric  acid  (1  to  2)  per  50  ml. 
of  final  volume. 

Sulfuric,  perchloric,  and  hydrochloric  acids  behave  much  like 
nitric  acid.  If  the  acidity  with  any  of  them  is  less  than  0.2  Nr 
the  orange-yellow  hue  develops  in  the  blank.  The  desired  color 
appears  only  slowly  with  1  N  hydrochloric  acid,  but  development 
is  complete  within  5  minutes.  Solutions  0.7  N  in  sulfuric  acid, 
or  0.9  N  in  perchloric  acid,  behave  similarly.  At  normalities  of 
1.4  and  1.7,  respectively,  full  color  is  not  developed  in  5  minutes. 

1  anadate  Concentration.  An  excess  of  vanadate  must  be  pres¬ 
ent  for  complete  color  development.  Beyond  this  amount,  addi¬ 
tional  reagent  has  no  effect  except  for  the  slight  color  of  the  vana¬ 
date  solution.  For  the  present  working  conditions,  10  ml.  (±1) 
of  0.25%  reagent  were  satisfactory. 

Molybdate  Concentration.  As  in  most  procedures  involving 
heteropoly  compounds,  excess  ammonium  molybdate  must  be 
present  for  complete  color  development.  Beyond  this  amount, 
more  reagent  has  no  effect  on  the  intensity  of  the  color.  Al¬ 
though  prior  recommendations  specify  a  10%  solution,  this  has 
been  changed  to  5%  because  the  solution  is  more  easily  prepared, 
the  extra  reagent  is  unnecessary,  and  the  smaller  concentration 
avoids  the  formation  of  the  precipitate  which  may  appear  with 
use  of  the  more  concentrated  solution. 

Order  of  Adding  Reagents.  The  reagents  should  be  added  in 
the  order  mentioned.  If  the  acid  follows  the  vanadate  and 
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molybdate,  the  orange-yellow  hue  formed  by  these  substances 
does  not  disappear  readily,  and  a  positive  error  results.  If  the 
molybdate  is  added  to  the  acidified  phosphate  before  the  vana¬ 
date,  yellow  molybdiphosphoric  acid  is  formed.  .If  too  much 
ammonium  ion  is  present,  a  colloidal  dispersion  of  ammonium 
molybdiphosphate  may  form.  This  precipitate  does  not  dis¬ 
appear  on  adding  vanadate.  If  the  precipitate  does  not  appear, 
the  yellow  solution  is  readily  converted  to  molybdivanadophos- 
phoric  acid  on  adding  vanadate. 

Temperature.  Most  procedures  specify  adding  the  vanadate 
to  a  hot  nitric  acid  solution,  followed  by  cooling  to  room  tempera¬ 
ture  before  adding  the  molybdate.  It  makes  no  difference  in  the 
final  results  whether  the  solution  is  cooled  to  room  temperature 
before  or  after  adding  vanadate,,  or  after  adding  molybdate.  A 
precipitate  will  appear,  however,  if  the  solution  is  boiled  15  to  20 
minutes  after  adding  molybdate. 

Phosphorus  Concentration.  Transmittancy  curves  for  solu¬ 
tions  containing  1  to  100  p.p.m.  of  phosphorus  are  shown  in 
Figure  1.  Beer’s  law  applies  up  to  40  p.p.m.  for  measurements 
made  at  460  van. 

Stability  of  the  Color.  The  solutions  used  to  determine  the 
curves  in  Figure  1  were  stored  in  Pyrex  bottles  and  the  transmit- 
tancies  checked  at  measured  time  intervals  for  several  weeks. 
Solutions  containing  5  p.p.m.,  or  more,  are  stable  at  least  7 
weeks.  Below  this  concentration,  the  color  increases  slowly,  the 
error  amounting  to  2%  in  the  transmittancy  at  460  van  in  about 
2  weeks. 

Diverse  Ions.  To  observe  the  effect  of  diverse  ions  10  p.p.m. 
of  phosphorus  were  used,  the  desired  amount  of  diverse  ion  being 
included  with  the  phosphorus  solution.  The  apparent  concen¬ 
tration  of  phosphorus  was  calculated  from  the  transmittancy  at 
460  van.  An  error  up  to  2%  was  considered  negligible. 

The  error  does  not  exceed  2%  for  amounts  up  to  1000  p.p.m. 
of  any  of  the  following  ions:  aluminum,  ammonium,  barium, 
beryllium,  cadmium,  calcium,  iron  (III),  lead,  lithium,  magne¬ 
sium,  manganese,  mercury  (I  and  II),  potassium,  silver,  sodium, 


strontium,  tin  (II),  uranium,  zinc,  zirconium,  acetate,  arser 
benzoate,  bromide,  carbonate,  chlorate,  citrate,  cyanide,  i 
mate,  iodate,  lactate,  molybdate,  nitrate,  nitrite,  oxalate,  ] 
chlorate,  periodate,  pyrophosphate,  salicylate,  selenate,  silic 
sulfate,  sulfite,  tartrate,  and  tetraborate. 

Copper  and  nickel  change  the  hue  of  the  solution,  and  thus 
terfere  with  visual  comparison;  but  up  to  1000  p.p.m.  of  eil 
of  these  metals  does  not  interfere  with  spectrophotometric  mi 
urement  at  460  m,u. 

Only  the  ceric  and  tin  (IV)  ions  precipitate  under  the  coi 
tions  used. 

The  largest  single  source  of  error  is  the  effect  of  certain  ion 
slowing  down  the  rate  of  the  color  reaction.  Although  this  ef 
was  noticed  in  a  number  of  cases,  generally  the  full  color  develo 
within  5  minutes.  Bismuth,  thorium,  arsenate,  chloride, 
fluoride  caused  considerable  negative  error,  however,  and 
full  color  did  not  develop  in  their  presence  in  less  than  30  minu 
The  magnitude  of  such  error  may  be  reduced  considerably 
allowing  the  color  to  develop  at  least  30  minutes  before  measi 
ment,  or  heating  the  solution  in  boiling  water  for  10  mini 
after  the  final  addition  of  reagent.  But  even  then  the  error  is 
negligible  if  1000  p.p.m.  of  the  ion  are  present.  Heating  is  ] 
missible  only  in  the  absence  of  silicates  and  arsenates,  since  t 
give  a  positive  error  under  these  conditions. 

A  few  ions,  such  as  iron  (II),  sulfide,  thiosulfate,  and  thio< 
nate,  reduce  the  molybdivanadophosphoric  acid  or  the  ex 
molybdate  to  molybdenum  blue. 

The  general  effect  of  interfering  diverse  ions  is  summarize! 
Table  I. 

Discussion.  Although  the  molybdivanadophosphoric  i 
method  has  found  little  application  for  the  determination  of  pi 
phorus,  the  procedure  is  rapid,  sensitive,  and  relatively  free  fi 
interference  by  most  common  diverse  ions. 

Comparison  of  this  method  with  the  various  molybdenum  1 
procedures  summarized  by  Woods  and  Mellon  (11)  shows  thi 
possesses  several  advantages.  The  solutions  are  stable  at  1 
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eeks,  as  compared  with  a  maximum  of  10  hours  for  any  of  the 
lybdenum  blues  studied.  It  is  also  relatively  free  from  inter¬ 
nee,  as  compared  with  them.  Especially  important  is  this 
racteristic  for  iron  (III)  and  silicate,  both  of  which  interfere  in 
jt  molybdenum  blue  methods.  Although  a  molybdenum  blue 
lore  satisfactory  for  visual  comparison  than  the  yellow  molyb- 
inodophosphoric  acid,  this  technique  can  be  used.  How- 
r,  photoelectric  means  are  preferable.  In  general,  the  ranges 
molybdenum  blue  methods  areless  than  that  for  this  procedure, 
ch  extends  from  1  to  50  p.p.m.  for  1-cm.  thickness.  The 
em  conforms  to  Beer’s  law  through  most  of  this  range, 
ince  photoelectric  measurement  seems  preferable,  a  series  of 
nanent  standards  was  not  established.  Such  a  series  could 
prepared  from  the  acid  itself,  but  with  low  concentrations  of 
sphorus  the  solutions  are  not  stable  more  than  2  weeks.  Corn- 
son  of  the  transmittancy  curves  in  Figure  1  (for  10  p.p.m.) 
i  those  for  dichromate  solutions  (3)  shows  an  approximate 
ch  with  the  aqueous  dichromate  solutions  at  pH  6.1. 


Table  1. 

Effect  of  Diverse 

Ions 

Amount 

on 

Added  as 

Amount 

Error 

Permissible 

P.p.m. 

% 

P.p.m . 

+  + 

Bi(NOi)i 

1000 

5 

400 

+  + 

Crj(SO<)3 

10 

1 

10 

■  + 

CofNOah 

100 

2 

100 

+ 

FeiNHahCSOa) 

>  100 

0 

100 

■  +  +  ♦ 

Th(NOa)a 

400 

38 

20 

4 

Na2HAsO< 

1000 

15 

125 

NaCl 

1000 

24 

75 

U” 

HaPtCla 

20 

0 

20 

K2O2O7 

4 

2 

4 

NaF 

1000 

51 

50 

KI 

100 

a 

0 

KMnOi 

10 

10 

0 

KSCN 

500 

0 

500 

Na2S2C>3 

250 

.  0 

250 

NaaWOi 

250 

2 

250 

•xidizes  to  iodine. 


RECOMMENDED  GENERAL  PROCEDURE 

mple.  Procure  a  representative  portion  of  the  material  and 
-ct  it  to  the  necessary  preparative  treatment.  Weigh  or 
ure  by  volume  a  sample  containing  not  less  than  0.005  me 
tosphorus. 

necessary,  dissolve  the  sample  by  appropriate  means,  taking 
in  the  dissolution  and  subsequent  treatment  to  convert  the 
phorus  to  orthophosphate.  Obviously,  phosphoric  acid 
not  be  used  for  dissolution,  nor  pyrophosphate  for  a  fusion, 
ienng  ions  should  either  be  removed  or  inhibited  to  bring 
concentrations  within  the  limits  set  in  Table  I.  Make  the 
ting  solution  just  acidic  to  litmus  and  dilute  to  a  definite 
ne  in  a  volumetric  flask. 

:sired  Constituent.  Transfer  a  suitable  aliquot  of  the 
ion  to  a  100-ml.  flask.  If  Nessler  tubes  are  used  for  visual 
anson,  at  least  0.005  mg.  of  phosphorus  should  be  in  the 
at'  hor  photometric  measurement  in  1-cm.  cells  0.1  to  5 
)f  phosphorus  should  be  present.  Add  in  order,  with  ade- 
i  mixing,  10  ml.  of  nitric  acid  (1  to  2),  10  ml.  of  0.25%  am- 
iim  vanadate  solution,  and  10  ml.  of  5%  ammonium  molyb- 
solution.  Dilute  'to  the  mark  and  mix  well.  The  color  may 
easured  at  once  by  any  of  the  usual  means.  Filter  photo- 
c  measurement  should  be  made  with  a  blue  filter  having  its 
num  transmission  near  470  m^,  and  spectrophotometric 
urement  is  made  best  between  460  and  480  mp.. 


DETERMINATION  OF  PHOSPHORUS  IN  STEEL 

reral  colorimetric  methods  have  been  described  for  deter- 
ig  phosphorus  in  steel  in  a  fraction  of  the  time  required  for 
onventional  gravimetric  or  titrimetric  procedure.  A  0.5- 
sample  may  be  handled  colorimetrically  with  an  accuracy 
to  that  of  the  usual  titrimetric  procedure,  and  with  a  saving 
ie  of  at  least  two  thirds.  For  this  purpose  Mission  (&)  first 
the  molybdivanadophosphoric  acid  method.  It  was  in- 
;ated  subsequently  by  others  (1,  7,  8).  Since  the  procedure 


has  not  been  generally  applied  in  the  routine  analysis  of  steel, 
the  work  reported  here  was  done  to  check  the  earlier  recommen¬ 
dations  with  modern  photoelectric  equipment. 

EXPERIMENTAL  WORK 

A  plain  carbon  steel  was  used  as  the  source  of  phosphorus  in 
most  of  the  work.  The  manufacturer’s  analysis  gave  the  follow- 
ing  percentages;  C,  0.64;  Mn,  0.65;  Si,  0.18;  S,  0.022;  and  P, 
U.Uz.  I  he  last  value  was  checked.  The  solutions  of  ammonium 
vanadate  and  molybdate  were  the  same  as  used  before  The 
potassium  permanganate  and  the  ammonium  peroxydisulfate 
solutions  were  1  and  7.5%,  respectively.  The  3%  hydrogen 
peroxide  was  the  common  U.S.P.  solution. 

Preliminary  Experiments.  In  most  methods  for  the  colori¬ 
metric  determination  of  minor  constituents  in  iron  and  steel,  some 
reaction  is  used  to  convert  the  colored  ferric  ion  to  a  colorless 
complex.  Several  common  reactions  are  inapplicable  with  the 
molybdivanadophosphoric  acid  method.  Phosphoric  acid  ob¬ 
viously  cannot  be  used  to  form  the  ferric  phosphate  complex. 
Fluoride  ion  interferes  with  the  color  development,  thus  eliminat- 
ing  the  fluoride  complex.  Reduction  of  ferric  to  ferrous  ion  is 
objectionable  because  ferrous  iron  partially  reduces  the  colored 
complex.  Although  dissolution  of  the  sample  in  perchloric  acid 
gives  a  measurable  system  {10),  the  procedure  recommended  here 
proved  to  be  more  rapid  and  more  easily  controlled. 

This  situation  necessitates  developing  the  molybdivanadophos¬ 
phoric  acid  color  in  the  presence  of  the  ferric  iron  color.  The 
latter,  or  background  color,  must  be  reproducible  to  ensure  reli¬ 
able  results  in  the  final  evaluation  of  the  total  color.  Prelimi¬ 
nary  experiments  with  the  procedure  of  Murray  and  Ashley  (7) 
revealed  difficulties  which  were  traced  to  this  background  color. 
The  deviation  was  small  and  probably  would  be  unnoticed  in  vari¬ 
ous  visual  methods.  Since  it  was  definitely  more  than  the  2% 
error  considered  negligible  for  work  with  the  recording  spectro¬ 
photometer,  means  were  sought  to  reduce  the  uncertainty. 

Subsequent  work  showed  that  a  reproducible  background 
color  could  be  obtained  with  the  procedure  of  Murray  and  Ashley 
only  by  careful  control  of  the  experimental  conditions.  The  use 
of  ammonium  peroxydisulfate  as  oxidant  eased  the  necessity  for 
careful  control.  Solutions  prepared  with  this  reagent  were  more 
reproducible  than  those  using  the  permanganate  previously  rec¬ 
ommended,  and  they  did  not  require  such  close  duplication  of  ex¬ 
perimental  conditions.  Excess  oxidant  is  readily  removed  by 
heating,  thus  eliminating  an  operation  from  the  procedure  and 
saving  time. 

Effect  of  Variables  on  Color.  The  following  experimen¬ 
tal  procedure  was  used  in  studying  the  effect  of  variables  on  the 
peroxydisulfate  method: 

"gram  sample  of  steel  in  a  150-ml.  conical  flask  was  treated 
with  20  ml.  of  nitric  acid  (1  to  2).  After  violent  action  ceased, 
f  .  *? lution  was  heated  to  boiling  on  a  hot  plate  and  allowed  to 
boil  Irom  2  to  5  minutes.  Five  milliliters  of  the  peroxydisulfate 
solution  were  added,  and  the  solution  was  boiled  from  3  to  5 
minutes  to  destroy  excess  oxidant.  Ten  milliliters  of  vanadate 
solution  were  then  added,  and  the  solution  was  cooled  to  room 
temperature.  Following  addition  of  20  ml.  of  molybdate  solu¬ 
tion,  the  system  was  mixed  and  transferred  to  a  100-ml.  volu- 
metric  flask.  After  dilution  to  volume  with  water  and  mixing 
the  transmittancy  curve  was  determined  in  5.00-cm.  cells. 

Acid,  Concentration.  The  concentration  of  acid  in  the  final 
solution  is  indefinite  because  of  the  amount  used  up  in  the  dis¬ 
solution  process,  and  that  boiled  out  during  subsequent  heating. 
The  intense  color  produced  with  the  use  of  small  amounts  of 
acid  is  probably  attributable  to  a  vanadomolybdate  complex 
which  forms  at  low  acidity.  The  color  with  high  acid  concen¬ 
tration  is  due  almost  entirely  to  the  iron  color.  The  optimum 
amount  of  acid  is  20  ml.  of  nitric  acid  (1  to  2).  This  volume  pro¬ 
vides  reproducible  background  color,  but  more  reduces  the  in¬ 
tensity  of  the  final  color.  Measurement  of  the  acid  to  ±  1  ml. 
from  a  250-ml.  buret  is  recommended. 


382 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  16,  N 


Peroxy disulfate  Concentration.  Enough  ammonium  peroxy¬ 
disulfate  must  be  added  to  oxidize  organic  material,  but  a  large 
excess  should  be  avoided.  Although  5  ml.  of  a  7.5%  solution 
were  chosen  as  the  optimum  amount,  twice  as  much  is  permissible. 
As  the  solution  decomposes  on  standing,  it  should  be  prepared 
daily. 

Vanadate  and  Molybdate  Concentration.  Variations  in  the 
vanadate  and  molybdate  concentrations  have  some  effect  on  the 
final  color.  Twenty  milliliters  of  5%  ammonium  molybdate  and 
10  ml.  of  0.25%  ammonium  vanadate  gave  best  results.  These 
volumes  should  be  controlled  within  1  ml. 

Time  of  Heating.  The  steel  solution  should  be  boiled  at  least 
2  minutes  after  dissolution  of  the  sample,  but  boiling  as  long  as  5 
minutes  has  no  deleterious  effect  on  the  color.  The  length  of 
time  of  boiling  after  adding  peroxydisulfate  is  apparently  not 
critical,  since  variation  from  3  to  10  minutes  made  no  difference. 

Order  of  Adding  Reagents.  Three  successions  of  adding  re¬ 
agents  were  tried:  both  the  vanadate  and  the  molybdate  to  the 
hot  steel  solution;  the  vanadate  to  the  hot  solution,  followed  by 
cooling  before  adding  the  molybdate;  and  both  the  molybdate 
and  vanadate  to  the  cooled  steel  solution.  The  same  final  color 
was  obtained.  However,  the  second  order  was  finally  adopted, 
chiefly  because  of  previous  recommendation. 

Stability  of  Color.  The  full  color  intensity  develops  immedi¬ 
ately  on  adding  the  molybdate,  and  the  color  is  stable  for  at  least 
an  hour.  Since  the  method  is  being  recommended  for  rapid 
photometric  measurement,  this  factor  was  not  studied  further. 

RECOMMENDED  PROCEDURE  FOR  STEELS 

Based  on  this  experimental  evidence,  the  following  procedure 
is  recommended  for  the  determination  of  phosphorus  in  plain 
carbon  and  certain  low  alloy  steels: 

Sample.  Weigh  a  0.5-gram  representative  sample  into  a 
150-ml.  conical  flask,  add  20  ml.  of  nitric  acid  (1  to  2),  and,  after 
violent  action  ceases,  boil  2  minutes  to  remove  nitrous  oxide 
fumes.  Add  5  ml.  of  a  freshly  prepared  7.5%  solution  of  am¬ 
monium  peroxydisulfate,  and  boil  3  to  5  minutes  to  destroy  the 
excess. 

Desired  Constituent.  Add  10  ml.  of  0.25%  ammonium 
vanadate  solution  to  the  hot  solution  and  then  cool  to  room  tem¬ 
perature.  After  adding  20  ml.  of  5%  ammonium  molybdate 
solution,  mix  thoroughly  and  transfer  the  solution  to  a  100-ml. 
volumetric  flask.  Dilute  to  the  mark,  mix,  and  measure  the 
color  intensity  by  any  suitable  means.  A  blue  filter  with  maxi¬ 
mum  transmission  near  470  m/a  is  suitable  for  a  filter  photometer. 
With  a  spectrophotometer  the  best  wave  length  is  the  range  460 
to  480  m/u. 


Table  II.  Data  Used  for  Calibration  Curve 


Steel 

Log  Piso 

No. 

Phosphorus 

Tl6  0 

Observed 

Calcd.“ 

% 

% 

55 

0.003 

68  8 

1.838 

1  843 

lid 

0.006 

68.0 

1.833 

1.830 

12d 

0.013 

62.9 

1.799 

1.798 

16b 

0.025 

'  55.5 

1.744 

1.744 

20c 

0.044 

45.9 

1.662 

1.658 

21c 

0.062 

36.8 

1.566 

1.576 

22b 

0.084 

31.2 

1.494 

1.476 

8d 

0.099 

25  0 

1.398 

1.409 

°  Calculated  from  the  equation 


erf  d  1  857  —  log  T 
/o  V - 4752 


ANALYSIS  OF  STANDARD  SAMPLES 

Tike  final  test  of  the  procedure  was  the  analysis  of  some  20  plain 
:and  low-alloy  steels  from  the  National  Bureau  of  Standards. 
Eight  plain  carbon  steels  of  different  phosphorus  contents  were 
used  to  establish  a  calibration  curve.  The  remainder  were  ana¬ 
lyzed  on  the  basis  of  this  curve.  Three  samples  of  each  steel  were 


prepared  according  to  the  recommended  procedure.  The  a 
age  of  the  transmittancy  readings  at  460  m/i  was  used  as  the  i 
probable  value. 

The  data  secured  for  the  eight  steels  used  for  the  calibrj 
curve  are  summarized  in  Table  II.  The  transmittancy  ct 
for  the  solutions  are  shown  in  Figure  2.  If  log  Tm  is  pic 
against  percentage  of  phosphorus,  a  straight  line  is  obtained 
dicating  conformity  to  Beer’s  law.  The  equation  of  the 
straight  line  was  calculated  by  the  method  of  least  squares 
data  obtained  being  included  in  Table  II. 

After  the  calibration  curve  had  been  established,  14  plain  ca 
and  low-alloy  steels  were  analyzed  (Table  III).  In  each 
the  average  value  found  is  the  result  of  at  least  3  determinat 
The  average  deviation  from  the  mean  was  usually  less  than 
3%  of  the  phosphorus  present. 


Table  III.  Analysis  of  Standard  Steels 


Sample  Type 

Phosphorus 

Deviation 

Allowab 

and  No. 

Found 

from  Standard 

Deviation 

% 

% 

% 

Bessemer 

9c 

0.091 

-0.005 

±0.00 

Bessemer 

lOd 

0.087 

0.001 

0.00 

Bessemer 

23a 

0.102 

0.000 

0.00 

B.O.H. 

13c 

0.011 

-0.002 

0.00 

B.O.H. 

15a 

0.006 

-0.001 

0.00 

A.O.H. 

21a 

0.062 

-0.001 

0.00 

A.O.H. 

34 

0.095 

0.000 

0.00 

A.O.H. 

35 

0.035 

+  0.002 

0.00 

Electric 

51 

0.016 

+  0.005 

0.00 

Acid  electric 

65a 

0.036 

0.000 

0.00 

Mn  rail 

100 

0.022 

-0.001 

0.00 

Ni 

33b 

0.036 

-0.001 

0.00 

Ni-Cr 

32b 

0.024 

+  0.008 

0.00 

Cr-Mo 

72 

0.033 

+  0.017 

0.00 

Examination  of  the  results  shows  that  in  four  cases  the  e: 
mental  results  are  outside  the  limits  set  for  gravimetric  or 
metric  methods.  The  reason  for  the  deviation  in  steel  9c  i 
known,  three  excellent  checks  being  obtained.  With  stec 
however  (because  of  high  carbon  ?),  6  samples  diverged  wi 
Other  samples  in  which  deviation  occurred  contained  mod 
amounts  of  chromium,  which  would  be  expected  to  interfere 

The  accuracy  of  the  calibration  curve  was  confirmed  by  c 
lating  the  best  straight  line  for  all  the  steels  except  Nos. 
33b,  51,  and  72.  The  formulas  for  the  best  straight  lines  are 

m  1.857  -  log  Ti so  /D  ,  , 

%  P  =  - ^9 -  (8  samPles) 

1.857  —  log  71,60  /1D  ,  . 

=  - 4500  -  (18  samPles) 

Discussion.  The  use  of  ammonium  peroxydisulfate 
several  advantages  over  potassium  permanganate  in  this  me 
The  background  color  is  more  nearly  reproducible.  Since 
control  of  experimental  conditions  is  not  necessary,  the  ov 
procedure  is  simplified.  There  is  a  saving  of  approximate 
minutes  in  time. 

The  calibration  curve  may  be  prepared  by  using  a  ser 
steels  of  known  phosphorus  content,  or  by  adding  known  am 
of  phosphorus  to  solutions  of  a  single  analyzed  steel.  The  f< 
alternative  was  used  in  this  work,  and  the  latter  by  Murra; 
Ashley  (7).  Their  method  seems  preferable  if  one  type  of 
is  to  be  analyzed,  since  the  background  color  is  then  essen 
constant.  As  Beer’s  law  applies  to  the  system,  one  may  ext 
late  to  concentrations  of  phosphorus  below  that  of  the  staa 
If  several  types  of  steel,  having  compositions  not  too  differer 
giving  different  background  colors,  are  to  be  analyzed,  an 
age  calibration  curve  should  be  prepared  from  a  series  of  k 
steels  of  the  types  to  be  analyzed.  In  any  questionable  cas 
second  alternative  should  be  used.  Instead  of  taking  the  n 
from  such  a  calibration  curve,  they  may  be  calculated  froi 
straight-line  equation  already  mentioned. 


ne,  1944 


ANALYTICAL  EDITION 


383 


Murray  and  Ashley  reported  serious  interference  with  high 
%)  silicon,  but  in  the  usual  range  of  this  element  no  interference 
is  found  in  this  work.  More  than  0.4%  chromium  gives  a  posi- 
re  error.  In  general,  the  accuracy  equals  that  of  the  common 
rimetric  method,  which  is  less  rapid  and  requires  more  skill, 
le  molybdenum  blue  method  of  Hague  and  Bright  (2)  is  also 
is  rapid. 
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Determination  of  Potassium  in  Fertilizer  Mixtures 

Removal  of  Ammonia  and  Organic  Matter  without  Ignition 

A.  B.  JOY 

The  Pacific  Chemical  and  Fertilizer  Co.,  Honolulu,  T.  H. 


"HE  ignition  step  in  the  A.O.A.C.  (1 )  method  for  the  de¬ 
termination  of  potassium  in  mixed  fertilizers  requires 
reful  attention  and  may  sometimes  result  in  potassium  losses 
insoluble  residues.  This  paper  presents  a  procedure  which 
s  been  found  to  reduce  errors  and  shorten  the  time  of  analysis 
many  fertilizers  by  eliminating  high-temperature  ignition 
th  sulfuric  acid. 

Kraybill  and  Thornton  (4)  have  called  attention  to  losses 
ring  ignition  which  may  be  caused  by  spattering  or  volatiliza- 
m.  St.  John  and  Midgley  ( 6 )  found  that  controlled  tempera- 
res  tend  to  avoid  volatilization  of  potassium  due  to  localized 
erheating.  They  also  noted  insoluble  residues  from  ashing 
mt  materials  with  sulfuric  acid,  but  usually  none  when  using 
eir  acid  digestion  method. 

In  his  1940  Report  on  Potash,  Ford  ( 3 )  showed  that  errors 
>rn  “water-insoluble  residues  that  are  often  encountered” 
ould  be  corrected  either  by  filtering  the  potassium  solution 
fore  adding  platinic  chloride,  or  by  dissolving  the  weighed 
tassium  platinic  chloride  with  hot  water  and  reweighing  the 
ied  crucible.  In  either  case  additional  work  is  involved  which 
?reases  the  time  of  analysis. 

In  1934  this  laboratory  experienced  difficulty  in  obtaining 
curate  potash  results  by  the  official  method  of  that  time  when 
alyzing  fertilizers  containing  little  or  no  superphosphate  and 
ge  amounts  of  monoammonium  phosphate.  Since  the  igni- 
>n  step  was  found  to  be  the  main  source  of  error  in  the  analysis 
mixtures  of  this  type  ( 2 ),  a  procedure  was  adopted  which  elimi- 
ted  ignition  by  using  a  low-temperature  method  to  remove 
terfering  ammonium  salts  and  organic  matter.  Thus  it  was 
■possible  to  form  insoluble  metasilicates  or  phosphates. 

Changes  in  the  A.O.A.C.  method  were  made  in  1935,  so  that 
th  proper  manipulation  and  corrections  for  insoluble  residue 
was  possible  to  determine  potassium  in  all  types  of  fertilizer 
th  a  greater  degree  of  accuracy.  Although  these  changes  in- 
ided  better  ignition  technique,  the  low-temperature  procedure 
used  in  this  laboratory  appeared  to  have  certain  advantages, 
veral  improvements  in  the  method  have  been  made  recently 
d  analytical  results  compared  with  those  obtained  by  ignition 
th  sulfuric  acid,  using  the  same  solution  for  both  determina- 
>ns. 

METHOD 

Reagents  (other  than  used  in  A.O.A.C.  method).  Concen- 
ited  sodium  hydroxide  solution,  30  grams  of  A.C.S.  reagent 
dium  hydroxide  per  100  ml.  of  solution.  Sodium  chlorate 
lution,  10  grams  of  A.C.S.  reagent  sodium  chlorate  per  100 
1.  of  solution.  30%  sulfuric  acid,  20  ml.  of  sulfuric  acid  (A.C.S. 
agent,  1.84  sp.  gr.)  in  80  ml.  of  water. 


Method  1  (for  inorganic  fertilizers) .  Place  5  grams  of  sample 
in  a  250-ml.  volumetric  flask  and  add  about  100  ml.  of  water 
and  50  ml.  of  saturated  ammonium  oxalate  solution.  Boil  30 
minutes,  cool,  dilute  to  250  ml.,  mix  well,  and  filter  or  allow 
coarser  particles  to  settle.  Pipet  a  100-ml.  aliquot  into  a  500-ml. 
Kjeldahl  flask  containing  a  few  glass  beads.  (If  moisture  content 
of  the  fertilizer  permits  grinding  fine  enough  to  prevent  separa¬ 
tion  of  particles,  weigh  a  2-gram  sample  directly  into  the  Kjeldahl 
flask.  Add  about  75  ml.  of  water  and  20  ml.'  of  saturated  am¬ 
monium  oxalate  solution.  Boil  10  minutes.) 

Add  3  or  4  drops  of  1%  phenolphthalein  solution  and  5  ml.  of 
concentrated  sodium  hydroxide  solution.  Boil  vigorously  until 
damp  red  litmus  paper  placed  over  mouth  of  flask  shows  no 
trace  of  blue  color  when  left  there  several  minutes.  The  time 
required  to  expel  ammonia  is  usually  less  than  15  minutes.  If 
red  color  of  phenolphthalein  fades  during  boiling,  add  sufficient 
sodium  hydroxide  to  restore. 

Cool  and  transfer  with  thorough  washing  to  a  200-ml.  volu¬ 
metric  flask.  Dilute  to  mark,  mix  well,  and  pass  through  a 
close-textured  dry  filter.  Determine  K20  on  a  25-  or  50-ml. 
aliquot  by  the  platinic  chloride  method.  Treat  precipitate  in 
evaporating  dish  with  about  15  ml.  of  85%  alcohol  and  1  ml.  of- 
concentrated  hydrochloric  acid.  Use  rubber  policeman  to  break 
up  residue  thoroughly  before  transferring  to  Gooch  crucible. 
Wash  as  usual  with  alcohol  and  ammonium  chloride  solution, 
but  use  ten  10-ml.  portions  of  ammonium  chloride  solution  if  a 
50-ml.  aliquot  was  taken.  Adjust  suction  during  the  ammonium 
chloride  washing  so  that  the  jet  from  wash  bottle  or  10-ml. 
pipet  (enlarged  tip  opening)  will  about  half  fill  the  crucible  and 
agitate  the  precipitate  with  each  washing. 

Method  2  (for  fertilizers  containing  urea,  cyanamide,  or  other 
interfering  organic  materials).  Prepare  a  5-gram  to  250-ml. 
fertilizer  solution  as  in  Method  1,  but  after  boiling  30  minutes 
add  2  ml.  of  concentrated  ammonium  hydroxide  or  sufficient  to 
make  alkaline.  Cool,  dilute  to  volume,  mix  well,  and  pass 
through  a  close-textured  dry  filter.  Add  5  ml.  of  concentrated 
nitric  acid  to  a  100-ml.  aliquot  in  a  500-ml.  Kjeldahl  flask  and 
boil  vigorously  to  a  volume  of  about  10  ml.  Add  5  ml.  of  sodium 
chlorate  solution  and  5  ml.  of  30%  sulfuric  acid.  (If  sample  is 
high  in  organic  matter  or  urea,  use  10  ml.  of  30%  sulfuric  acid.) 

Boil  to  dense  sulfur  trioxide  fumes  using  low  heat,  then  use 
high  heat  for  10  to  15  minutes  to  destroy  organic  matter.  Cool 
3  or  4  minutes  and  wash  down  neck  of  flask  with  about  100  ml. 
of  water.  Heat  to  obtain  complete  solution  of  residue.  Add 
phenolphthalein  and  neutralize  with  concentrated  sodium  hy¬ 
droxide  solution.  Add  2  ml.  excess  and  boil  to  negative  test 
for  ammonia.  Proceed  as  in  Method  1. 

DISCUSSION 

The  use  of  a  5-gram  sample  in  this  method  rather  than  the 
official  2.5  grams  is  based  upon  the  study  of  Kraybill  and  Thorn¬ 
ton  ( 5 ),  who  found  that  errors  may  result  due  to  difficulty  in 
weighing  uniform  2.5-gram  samples.  The  larger  sample  is  taken 
in  order  to  minimize  such  errors,  usually  caused  by  separation 
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Table  I.  Comparative  K2O  Analyses  and  Composition  of  Labora¬ 
tory  Mixtures 


Calcu¬ 

H2SO4 

New 

lated 

Ignition 

Method 

Composition  of 

Mixture0 

K2O 

KjO 

KjO 

Mixture 

% 

% 

% 

% 

L-l 

22.2 

22.14 

22.19 

20  KCl* 

22.32 

22.23 

20  KzSfV 

10  Superphosphate 
25  (NELhSOi 

20  Ammo-Phoa  A 

Av. 

22.23 

22.21 

5  Bone  meal 

L-2 

22.2 

21. 93 

22.17 

20  KC1* 

22.24 

22.10 

20  K2SOi  = 

10  Superphosphate 
10  Ammo-Phos  A 

10  CaCNj 

10  Uramon 

10  Fish  meal 

Av. 

22.09 

22. 14 

10  Bone  meal 

D3 

30.4 

30.28 

30.35 

50  KCR 

30.44 

30.30 

10  Superphosphate 

20  (NILhSCh 

10  Ammo-Phoa  A 

Av. 

30.36 

30.33 

10  Tankage 

L-4 

30.4 

30.37 

30.42 

50  KCle 

30.43 

30.36 

10  Superphosphate 
20  (NHihSCh 

10  Ammo-Phos  A 

Av. 

30.40 

30.39 

10  Uramon 

L-5 

30.4 

30.18 

30.41 

50  KCR 

30.40 

30.29 

20  Superphosphate 

Av. 

30.29 

30.35 

20  fNH4)2S04 

10  Ammo-Phos  A 

L-6 

10.8 

10.75 

10.76 

20  K2SO4  c.p./ 

40  NaNOj 

40  (NH4)aS04 

0  Materials  weighed  on  analytical  balance.  Duplicate  analyses  made  on  a 
second  series  of  weighings. 

*  Trona  muriate.  Analysis  by  this  laboratory,  61.29%  K2O.  Manufac¬ 
turer’s  analysis,  61.26%  K2O. 

c  Foreign  potassium  sulfate.  Analysis  by  this  laboratory,  49.70%  KjO. 
Manufacturer’s  guarantee,  49.5%  K2O. 

d  Low  result  probably  caused  by  spattering  at  start  of  ignition  due  to  large 
amount  of  organic  matter. 

'■  Trona  muriate.  Analysis  by  this  laboratory,  60.80%  KjO.  Manufac¬ 
turer's  analysis,  60.81%  K2O. 

/  Analytical  reagent,  dried  before  using.  Theoretical  K2O,  54.05%. 


of  coarse  1-mm.  particles  from  the  fines.  Many  fertilizers  of  low 
moisture  content,  however,  can  be  finely  ground  and  have  only 
traces  of  organic  matter  from  phosphates  and  by-product  ammo¬ 
nium  sulfate.  Two  grams  of  such  material  may  be  treated 
directly  for  ammonia  removal  by  the  shortened  procedure.  The 
total  time  from  weighing  a  2-gram  sample  to  taking  an  aliquot 
for  evaporation  with  platinic  chloride  is  about  40  minutes. 

The  time  of  boding  a  5-gram  sample  with  ammonium  oxalate 
has  been  made  to  agree  with  the  A.O.A.C.  period  of  30  minutes, 
but  it  has  been  the  experience  of  this  laboratory  that  10  to  15 
minutes  is  sufficient  for  most  types  of  fertilizer,  especially  when 
the  composition  of  the  sample  is  known  or  a  finely  ground  2-gram 
sample  is  used. 

Although  Method  1  does  not  require  addition  of  ammonium 
hydroxide  after  boiling  with  ammonium  oxalate,  this  may  be 
done  if  the  solution  is  to  be  used  for  a  check  analysis  by  sulfuric 
acid  ignition.  This  does  not  appreciably  lengthen  the  time  of 
expelling  ammonia  from  a  100-ml.  aliquot. 

Phenolphthalein  indicator  is  not  destroyed  or  volatilized  dur¬ 
ing  the  boding  period.  Fading  of  color  indicates  a  drop  in  pH 
and  wdl  occur  only  in  exceptional  cases  where  5  ml.  (1.5  grams) 
of  sodium  hydroxide  are  not  sufficient  to  react  with  all  am¬ 
monium  salts  present.  If  it  is  desired  to  check  the  litmus  test 
for  complete  removal  of  ammonia,  phenolphthalein  may  be 
omitted  and  a  portion  of  the  final  filtered  solution  treated  with 
Nessler  reagent. 

The  final  solution  of  a  fertilizer  analyzed  by  Method  1  wdl 
contain  a  smad  amount  of  sodium  oxalate.  In  case  the  sample 
contains  no  soluble  calcium  the  amount  of  sodium  oxalate  in  a 
50-ml.  aliquot  taken  for  evaporation  with  platinic  chloride  wdl 
be  approximately  0.24  gram.  This  may  be  decomposed  before 
precipitation  of  potassium  platinic  chloride  by  the  hypochlorite 
reaction,  or  preferably  allowed  to  remain  with  the  precipitate, 


since  this  amount  of  sodium  oxalate  is  easdy  removed  by  a 
alcohol  and  ammonium  chloride  washing.  Decomposition 
sodium  hypochlorite  is  accomplished  by  the  addition  of  3  t< 
ml.  of  pure  5%  available  chlorine  solution  to  a  50-ml.  aliquot 
a  porcelain  dish.  The  solution  is  then  made  distinctly  a 
with  concentrated  hydrochloric  (2  ml.)  and  evaporated  for 
minutes,  after  which  the  necessary  amount  of  platinic  chlor 
is  added. 

The  final  solutions  of  organic  fertilizers  wdl  not  contain  oxal 
since  it  is  destroyed  by  the  sulfuric  acid  treatment  of  Method 
In  this  procedure  sodium  chlorate  is  used  in  addition  to  sulfi 
acid  in  order  to  destroy  other  forms  of  organic  matter,  especit 
when  present  in  large  amounts.  No  attempt  was  made  to 
perchloric  acid  because  of  the  possible  hazard  of  explosion. 

Table  I  gives  the  comparative  analyses  and  composition 
six  fertilizer  mixtures  made  in  the  laboratory,  each  contain 
known  amounts  of  K20.  Interfering  materials  such  as  calci 
cyanamide,  urea,  tankage,  and  fish  meal  were  used  in  amou 
greater  than  those  ordinarily  found  in  commercial  fertdiz< 
One  inorganic  mixture  (L-6)  which  contained  no  calcium  \ 
included,  so  that  the  maximum  amount  of  sodium  oxalate  wo 
be  present. 

In  these  particular  mixes,  with  the  exception  of  L-l,  ignit 
with  sulfuric  acid  according  to  the  A.O.A.C.  technique  produ 
only  traces  of  insoluble  residue.  The  asbestos-padded  Go< 
crucibles  were  therefore  not  washed  out  with  hot  water  and 
weighed.  Table  II  gives  comparative  analyses  on  various  ty 
of  local  commercial  fertilizers. 


Table  II.  Comparative  K2O  Analyses  of  Commercial  Fertilir 


HsSCh  Ignition 
KjO 

New  Method 

Variation 

Formula 

KjO 

KjO 

% 

% 

% 

7-20.5-17 

18.07 

18.02 

-0.05 

7-20.5-17° 

16.48 

16.49 

+0.01 

7-20.5-17* 

17.86 

17.80 

-0.06 

6-20-12 

13.32 

13.31 

-0.01 

8-12.5-6 

5.72 

5.77 

+0.05 

7-3.5-23 

23.01 

23.15 

+0.14 

6-15-10 

9.98 

9.91 

-0.07 

7-10-10 

10.17 

10.23 

+0.06 

7-11-10 

10.48 

10.50 

+0.02 

8-9-11 

10.68 

10.59 

-0.09 

7-12-7 

7.83 

7.79 

-0.04 

11-20-22 

26.63 

26.61 

-0.02 

8  Containing  252  pounds  of  bone  meal  per  ton. 
6  Containing  50  pounds  of  Uramon  per  ton. 


SUMMARY 

A  method  presented  for  the  determination  of  potassium 
mixed  fertilizers  involves  the  usual  ammonium  oxalate  soluti 
and  chloroplatinic  acid  precipitation,  but  employs  a  rapid  vo 
tilization  procedure  for  removal  of  ammonia,  and  an  oxidizi 
method  for  destroying  interfering  organic  compounds.  T] 
means  of  preparing  a  solution  from  which  potassium  may  be  pi 
cipitated  makes  it  unnecessary  to  ignite  at  a  high  temperate 
with  sulfuric  acid,  which  may  result  in  the  formation  of  insolul 
residue  or  the  loss  of  potassium  by  spattering  or  volatilization. 

A  large  number  of  analyses  by  this  method  have  been  made  ' 
inorganic  and  organic  fertilizers  containing  salts  of  known  pots 
sinm  content,  and  the  results  are  in  close  agreement  with  tl 
calculated  values  of  these  mixtures. 
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Relationship  between  (Jnsaturation  and  the  Ultraviolet 
Absorption  Spectra  of  Various  Fats 
and  Fatty  Acids 


R.  H.  BARNES,  I.  I.  RUSOFF,  E.  S.  MILLER1,  and  G. 

\t  spectral  absorption  of  several  unsaturated  fatty  acids  and  nat- 
il  fats  have  been  measured  from  2500  to  2100  Angstrom  units, 
ta  are  presented  that  show  a  definite  relationship  between  the 
gree  of  unsaturation  and  extinction  coefficients  at  21 00  Angstrom 
ts.  From  the  composition  of  natural  fats  it  is  possible  to  predict 
i  extent  of  absorption  at  this  wave  length. 

IS  well  known  that  absorption  by  the  carbon  to  carbon 
double  bond,  one  of  the  most  important  chromophores  (3,  6) , 
modified  by  factors  such  as  the  cis-  and  trans-configuration, 
righting  by  substituent  groups,  the  number  of  double  bonds  in 
carbon  chain,  and  their  positions  relative  to  each  other  (3). 

!e  natural  fatty  acids,  their  ester*,  and  isomers  constitute  a 
ist  important  group  of  aliphatic  c  founds  differing  chiefly  in 
s  number  and  position  of  double  bonds.  In  a  recent  review  ( 2 ) 
vas  pointed  out  that  except  for  the  saturated  fatty  acids  (13) 
absorption  curves  of  the  well-known  members  of  this  series 
compounds  and  the  natural  oils  have  usually  not  been  ex- 
ded  below  2200  or  2300  A.  (1 ,  4,  5,  7,  9,  14,  19).  The  measure- 
uts  that  have  been  made  in  the  longer  wave  lengths  show  such 
at  irregularities  that  it  must  be  assumed  that  impurities  with 
mg  absorption  bands  are  affecting  the  results. 

Che  effect  of  increasing  numbers  of  unconjugated  double  bonds 
simple  hydrocarbons  is  so  marked  at  2100  A.  (3,  6)  that  it  was 
ided  to  study  the  absorption  spectra  of  the  highly  purified 
;y  acids.  Although  it  was  not  possible  to  extend  the  curves  of 
unsaturated  acids  to  their  maxima  (below  2000  A.)  because 
he  limit  of  the  spectrograph  (2100  A.),  there  nevertheless  was 
nd  a  large  and  consistent  effect  of  increasing  unsaturation 
ich  seemed  of  practical  importance,  since  this  wave  length  is 
bin  the  range  of  many  spectrographs  now  in  use. 

EXPERIMENTAL 

'he  absorption  measurements  from  2100  to  2250  A.  were 
■e  made  with  a  Gaertner  Littrow  spectrograph.  From  2300 
1500  A.  absorption  was  measured  with  a  photoelectric  spec- 
rhotometer  similar  to  that  described  by  Hogness  et  al.  (8). 

;  solvent  employed  was  purified  ethyl  alcohol  (commercial 
o  alcohol  freshly  distilled  from  potassium  hydroxide)  for  all 
iples  except  stearic  acid  which  was  dissolved  in  ethyl  ether 
shiv  opened  anesthesia  grade).  The  absorption  values  of  the 
e  compounds  are  plotted  as  the  logarithm  of  the  molecular 
[notion  coefficients,  e,  while  the  values  for  the  oils  are  expressed 

^lcm  ’  where  !%  means  1  gram  in  100  cc.  of  solution.  The 
res  were  calculated  from  Lambert’s  and  Beer’s  law, 

log  j  —  tel 

Measurements  were  made  on  samples  of  the  highest  purity  ob- 
lable.  (The  authors  are  indebted  to  J.  P.  Kass  and  J.  Nichols 
the^preparation  of  these  materials.)  The  stearic  acid  melted 
■9.6°  in  a  capillary  tube  and  had  no  measurable  iodine  number, 
ic  acid  was  prepared  by  repeated  recrystallization  at  low  tem- 
iture  of  the  fatty  acids  of  olive  oil  until  a  sample  with  iodine 
aber  (Wijs)  of  88  was  obtained.  The  chief  impurity  probably 
■  palmitic  acid.  The  methyl  esters  of  linoleic,  linolenic,  and 
ehidonic  acids  were  made  from  the  reerystallized  polybromides 
debromination  in  methyl  alcohol.  The  iodine  number  of  each 
paration  was  within  2  units  of  the  theoretical  value. 


O.  BURR,  University  of  Minnesota,  Minneapolis,  Minn. 

The  curves  in  Figure  1  show  the  marked  effect  of  unsaturation 
on  spectral  absorption  below  2250  A.  At  2100  A.  the 
long-chain  fatty  acids  have  the  following  molecular  extinction 
coefficients:  stearic  60;  oleic  180;  methyl  linolate  2500;  methyl 
linolenate  10,000;  and  methyl  arachidonate  14,500.  In  other 
words,  arachidonic  acid  with  an  iodine  number  approximately  4 
times  that  of  oleic  acid  has  a  spectral  absorption  at  2100  A.  which 
is  roughly  80  times  as  great. 

The  suggestion  of  an  absorption  band  at  2350  A.  may  be  due  to 
trace  impurities.  This  is  the  region  of  maximum  absorption  by 
conjugated  dienes  and  it  is  known  that  in  the  saponification, 
bromination,  debromination,  and  distillation  of  highly  unsatu¬ 
rated  fatty  acids  some  conjugation  may  take  place  (16,  17,  18). 
However,  since  the  conjugated  dienes  have  molecular  extinction 
coefficients  of  20,000  to  30,000  in  this  region  (2),  there  could  not 
be  more  than  a  fraction  of  1%  present  in  any  of  these  prepara¬ 
tions.  This  would  not  measurably  affect  the  absorption  values  of 
the  highly  unsaturated  acids  at  2100  A.  although  it  is  sufficient  to 
throw  the  curves  out  of  fine  at  2300  A. 

The  large  and  regular  effect  of  unsaturation  on  light  absorp¬ 
tion  at  2100  A.  is  contrasted  with  the  smaller  and  irregular  ef¬ 
fects  at  the  longer  wave  lengths  in  Figure  2.  It  is  clear  that  if 
absorption  at  2100  A.  can  be  measured  with  sufficient  accuracy 
the  values  can  be  used  as  constants  in  simultaneous  equations  for 
calculating  the  fatty  acid  composition  of  oils.  This  direct  meas¬ 
urement  may  well  be  used  instead  of  the  one  described  by  Kass 
et  al.  (12)  and  later  extended  by  Mitchell  et  al.  (15),  wffiich  de¬ 
pends  upon  the  measurement  of  the  conjugated  linoleic  and  lino¬ 
lenic  acids  after  saponification  at  a  high  temperature.  The  chief 
disadvantage  of  the  present  method  comes  from  the  requirement 
that  the  measurements  be  made  at  a  wrave  length  shorter  than 
that  reached  by  many  instruments. 


Deceased. 


385 


Figure  1.  Absorption  Spectra  of  Five  Fatty  Acids  with 
Different  Numbers  of  Unconjugated  Double  Bonds 
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Tabic  I.  Comparison  of  Calculated  and  Experimentally  Determined 
Extinction  Coefficients  for  Natural  Fats 

Extinction 


Coefficients, 


In  Figure  3  the  curves  of  four'  plant  fats  of  widely  different 
composition  are  compared  with  those  of  the  fatty  acids.  The 

1% 

extinction  coefficients,  E ^  ^  ,  at  2100  A.  are  in  the  range  that 

would  be  expected  from  the  composition  of  the  fats.  Iodine 
numbers  (Wijs)  and  thiocyanogen  numbers  were  determined 
for  coconut  oil,  olive  oil,  and  corn  oil.  (The  authors  are  in  debted 
to  H.  G.  Loeb  for  these  determinations.)  From  these  analytical 
constants  the  composition  of  the  three  fats  was  calculated  (Table 
I).  The  corrected  value  for  the  thiocyanogen  number  of  linoleic 
acid  as  given  by  Kass  el  al.  (11)  was  substituted  in  Equation  3  of 
the  following  simultaneous  equations  described  by  Jamieson  (10): 


2.5 


Iodine 

Thiocy- 

Satu- 

Lino- 

I  cm. 

at  2100  A. 

2.0 

Value 

anogen 

rated 

Oleic 

leic 

Calcu- 

Meas- 

Fat 

(Wijs) 

Value 

Acids 

Acid 

Acid 

lated 

ured 

Coconut 

8.6 

7.3 

87.4 

6.6 

1.5 

3.8 

5.9 

1.5 
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Corn  (Ma- 
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11.8 

74.0 
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Figure  3.  Absorption  Spectra  of  Four  Vegetable  Oils 
Compared  with  Their  Constituent  Fatty  Acids 


x  +  y  +  s  =  1 

(1) 

86.01  x  +  173.20  y  +  o  —  I.  N. 

(2) 

86.01  x  +  90.59  y  +  o  =  T.  N. 

(3) 

where  x  is  the  amount  of  oleic  acid  glyceride;  y,  the  linoleic  acid 
glyceride;  and  s,  the  saturated  acid  glyceride  present  in  the  fat. 
After  determining  the  composition  of  the  fat,  and  converting  to 
the  free  acids  (95.5%  of  the  glycerides)  the  values  were  substi¬ 
tuted  in  the  equation: 

%  7.1  x  +  100  y  +  2.1  s  =  e}0//° 

*  1  cm. 

1% 

The  cm  at  2100  A.  for  oleic  acid  is  7.1 ;  for  linoleic  acid,  100; 


NUMBER  OF  DOUBLE  BONDS 

Figure  2.  Effect  of  Number  of  Unconjugated  Double  Bonds  in 
Fatty  Acids  on  Extinction  Coefficient  at  Different  Wave  Lengths 

Experimental  points  are  connected  by  lines  to  aid  in  following  values  for  same  wave 
length.  Mixtures  of  two  fatty  acids  differing  by  one  double  bond  would  give  inter¬ 
mediate  values  on  straight  line  between  them  but  an  oil  averaging  one  double  bond 
by  having  an  equal  amount  of  saturated  acid  and  linoleic  acid  would  not  have  absorp 
tion  of  oleic  acid  glyceride  (1  double  bond) 


1  °7 

and  for  stearic  acid,  2.1.  The  calculated  inthismannen 

then  compared  with  the  '■'{f  ue  determined  experimentally.  1 
results  (Table  I)  are  seen  to  Ge  of  the  right  order  of  magnitu 
Both  coconut  oil  and  olive  oil  have  very  low  spectral  absorpt 
at  2100  A.  and  are  thus  subject  to  considerable  error  introdu 
by  traces  of  highly  absorbing  materials.  A  small  error  in  the  < 
culation  of  the  linoleic  acid  content  would  also  have  a  la 
effect.  For  example,  if  the  coconut  oil  really  contained  2.1 

linoleic  acid  instead  of  the  calculated  1.5%,  the  ^  would 

raised  to  5.6.  However,  corn  oil  absorption  is  of  such  magniti 
that  the  effect  of  contamination  is  minimized  and,  consequent 
it  is  possible  to  show  a.  close  agreement  bet  ween  the  calculated  t 
experimental  values  for  this  fat. 
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8-Hydroxyquinaldine  as  an  Analytical  Reagent 

LYNNE  L.  MERRITT,  Jr.,  and  JACK  K.  WALKER 
Department  of  Chemistry,  Indiana  University,  Bloomington,  Ind.,  and  Wayne  University,  Detroit,  Mich. 


Hydroxyquinaldine  is  a  more  selective  reagent  than  8-hydroxy- 
mnoline  because  it  does  not  precipitate  aluminum.  Separations 
1  zinc  from  magnesium,  from  aluminum,  and  from  magnesium  and 
■  jminum  are  given.  The  precipitates  of  the  zinc  and  the  magnesium 
implex  salts  may  be  either  weighed  or  determined  volumetrically 
I  bromination.  Aluminum  may  be  determined  in  the  filtrate  of 
i»  zinc  determination  by  adding  8-hydroxyquinoline.  The  effect 
•  the  pH  upon  the  completeness  of  precipitation  of  the  8-hydroxy- 
linaldine  complexes  of  cupric,  zinc,  ferric,  and  magnesium  ions 
Is  been  studied.  Complete  directions  for  an  improved  method  of 
sparing  8-hydroxyquinaldine  are  given. 

ANY  derivatives  of  8-hydroxyquinoline,  “oxine”,  have 
been  prepared  and  their  analytical  uses  have  been  investi- 
jted  (7).  Most  of  these  derivatives  have  been  5-,  7-  or  5,7  sub- 
etution  products.  Although  several  2-substituted  derivatives 
k  known,  apparently  only  one,  2-phenyl-8-hydroxyquinoline- 
fcarboxylic  acid,  has  been  tested  for  analytical  purposes  (I). 
t'Ce  the  2-methyl-8-hydroxyquinoline  or  8-hydroxyquinaldine 
k  been  known  for  some  time  (2)  and  is  one  of  the  simplest  2- 
listituted  derivatives,  the  authors  choose  to  investigate  it  first. 
I  is  compared  to  8-hydroxyquinoline,  8-hydroxyquinaldine  exhib- 
|  some  important  differences  in  behavior.  Probably  because 
iits  increased  size,  it  is  a  more  selective  reagent.  If  size  of  the 
d  lecule  is  a  determining  factor,  the  larger  molecule  might  be 
iiected  not  to  react,  with  the  smaller  ions  because  of  the  dif- 
|ilty  in  grouping  three  large  molecules  around  the  small  ion. 
Irthe  complex  is  formed,  it  might  be  less  stable.  This  is  sup- 
jHed  by  the  fact  that  8-hydroxyquinaldine  does  not  react  with 
»minum  ions,  one  of  the  smallest  trivalent  ions  ( 3 )  with  which 
lydroxyquinoline  reacts,  and  the  8-hydroxyquinaldine  com- 
f>x  with  ferric  ion  is  precipitated  completely  only  in  a  much 
p  acid  solution  than  that  required  by  8-hydroxyquinoline. 

REAGENTS 

-Methyl-8-hydroxyquinoline.  The  original  method  of 
iebner  and  v.  Miller  (2)  was  modified  as  suggested  by  Kochen- 
rrfer  (.5).  Fifty-five  grams  (0.50  mole)  of  o-aminophenol  and 
I 'rams  (0.18  mole)  of  o-nitrophenol  were  dissolved  in  100  grams 
[112  N  hydrochloric  acid  in  a  three-necked  flask  fitted  with  Te¬ 
l:  condenser,  mechanical  stirrer,  and  dropping  funnel.  Forty 
pms  (0.57  mole)  of  crotonaldehyde  were  added  with  stirring 

I  a  period  of  about  45  minutes.  The  mixture  was  heated  on 
team  bath  tor  6  hours  with  continual  stirring  and  was  then 
ed  to  stand  overnight.  The  excess  o-nitrophenol  was  re- 
:d  by  steam-distillation  from  the  acid  solution.  Fourteen 
s  of  o-nitrophenol  were  recovered. 

e  residue  was  nearly  neutralized  with  6  N  sodium  hydroxide 
ion  and  then  saturated  with  sodium  carbonate  and  steam- 
led.  The  yield  of  crude  8-hydroxyquinaldine  was  24  to  32 
s  or  30  to  40%. 

re  grams  of  the  crude  material  were  distilled  under  reduced 
ure  (water  pump)  in  a  sublimation  tube  and  4.9  grams  of 
1 1  red  material  were  obtained.  The  8-hydroxyquinaldine 
I1  grams)  was  crystallized  from  a  mixture  of  20  ml.  of  95%  ethyl 
Ihol  plus  10  ml.  of  water  and  4.1  grams  of  a  slightly  yellow 
•duct  were  obtained,  m.p.  =  69°  C.  This  product  is  pure 
I  ugh  for  analytical  use  but  was  recrystallized  once  again  for 
authors’ experiments:  m.p.  =  72°  C.  (literature,  2,  74°  C.) 
ae  crude  material  can  be  recovered  from  the  mother  liquors, 
’he  reagent  solution  is  prepared  by  dissolving  5  grams  of  8- 
roxyquinaldine  in  12  grams  of  glacial  acetic  acid  and  diluting 
00  ml.  with  water.  An  alcoholic  solution  is  prepared  by  dis- 
mg  5  grams  in  100  ml.  of  95%  ethyl  alcohol.  Alcoholic  solu- 
|s  of  the  reagent  turn  dark  in  1  to  2  days  and  should  be  freshly 
•oared.  An  acetic  acid  solution  is  stable  for  a  week  or  longer. 
Itandard  Solutions.  Standard  solutions  of  iron,  copper, 


and  zinc  were  prepared  by  dissolving  weighed  samples  of  the  pure 
metals  in  acid  and  diluting  to  volume  in  a  volumetric  flask. 
Copper  was  dissolved  in  nitric  acid  and  evaporated  with  sulfuric- 
acid  to  obtain  the  sulfate.  Iron  was  dissolved  in  sulfuric  acid 
and  oxidized  to  the  ferric  state  with  nitric  acid,  the  excess  of 
which  was  later  evaporated*  off.  Zinc  was  dissolved  in  hydro¬ 
chloric  acid. 

A  standard  solution  of  magnesium  sulfate’ was  prepared  by 
dissolving  a  weighed  amount  of  c.p.  magnesium  sulfate  hepta- 
hydrate  in  a  measured  amount  of  water.  The  solution  was  fur¬ 
ther  standardized  by  gravimetric  precipitation  of  the  magnesium 
as  magnesium  ammonium  phosphate  and  ignition  to  the  pyro¬ 
phosphate  and  by  precipitation  of  the  8-hydroxyquinoline  salt. 

A  standard  solution  of  aluminum  ion  was  prepared  by  dissolv¬ 
ing  c.p.  potassium  alum  in  a  measured  amount  of  water. 

Standard  Potassium  Bromate  Solution.  A  standard  potas¬ 
sium  bromate  solution,  approximately  0.1  N ,  was  prepared  by 
dissolving  a  weighed  amount  of  c.p.  potassium  bromate,  dried  a't 
110  G.,  in  water  and  diluting  to  the  mark  in  a  volumetric  flask. 
It  was  further  standardized  against  Bureau  of  Standards  arseni- 
ous  oxide,  using  methyl  orange  as  indicator. 

Standard  Sodium  Thiosulfate  Solution,  c.p.  sodium  thio¬ 
sulfate  was  dissolved  in  distilled  water  to  make  an  approximately 
0.05  N  solution,  which  was  standardized  against  the  potassium 
bromate  solution. 

Ammonium  Acetate  Solution,  2  N .  This  was  prepared  by 
dissolving  154  grams  of  c.p.  ammonium  acetate  in  water  and  di¬ 
luting  to  1  liter. 


QUALITATIVE  REACTIONS  OF  8-HyDROXyQUINALDINE 

Qualitative  tests  were  performed  upon  most  of  the  common 
ions  as  listed  below-.  In  acetic  acid-acetate  buffered  solutions, 
8-hydroxyquinaldine  forms  precipitates  with  Bi+++,  Cd++, 
Cr+++,  Co++,  Cu++,  Fe++,  Fe++\  Mn++,  Ni++,  Ag+,  TiO++,’ 
^n++>  M0O4  WO*  ,  and  VO3-.  It  does  not  form  a  precipi¬ 
tate  with  Be++,  A1++  +  ,  Ca++,  Sr++,  Ba++,  Pb++,  Mg++,  K+, 
Na+,  or  NH4+.  It  does  not  precipitate  Bi+++  or  Sn++++  in' 
tartrate  solutions. 

In  ammoniacal  solutions,  the  ions  precipitated  in  acetic  acid- 
acetate  solutions,  with  the  exception  of  M0O4 — ,  W04 — ,  and 
small  amounts  of  V03_,  are  precipitated  and,  in  addition,  Pb++, 
Mg++,  Ca++,  and  Sr+  +  .  Aluminum  ions  are  still  not  precipi¬ 
tated.  Tartrate  was  added  to  the  solution  to  prevent  the  pre¬ 
cipitation  of  aluminum  hydroxide. 

EFFECT  OF  pH  UPON  PRECIPITATION  OF  ZINC,  COPPER,  IRON, 

AND  MAGNESIUM 

Zinc,  cupric,  ferric,  and  magnesium  ions  were  selected  for  fur¬ 
ther  study  as  probably  the  most  important  and  representative 
ions  which  are  precipitated  by  8-hydroxyquinaldine. 

A  definite  amount,  24.99  ml.,  of  the  standard  solution  of  one 
of  the  four  ions,  containing,  respectively,  0.05121  gram  of  zinc, 
0.05028  gram  of  copper,  0.04965  gram  of  iron,  or  0.02558  gram  of 
magnesium,  was  taken  for  precipitation.  An  excess  of  1  to  2  ml. 
of  5%  8-hydroxyquinaldine  in  2  N  acetic  acid  w-as  added  and  the 
total  volume  brought  to  about  200  ml.  w-ith  distilled  water.  The 
solution  was  heated  to  60°  to  80°  C.  and  2  N  ammonium  acetate 
solution  was  added  until  the  desired  pH,  as  determined  by  means 
of  a  glass  electrode,  w-as  reached.  The  precipitate  w-as  filtered 
through  a  Gooch  crucible  and  dried  at  120°  to  130°  C.  for  at  least 
3  hours  and  weighed.  The  per  cent  precipitated  is  plotted  against 
the  pH  in  Figure  1. 

According  to  Figure  1  it  appears  probable  that  cupric,  ferric,  or 
zinc  ions  could  be  separated  from  magnesium.  The  separation 
of  each  of  these  ions  from  aluminum  is  also  a  possibility  with  this 
reagent.  The  ferric  complex  with  8-hydroxyquinaldine  requires 
a  considerably  higher  pH  for  complete  precipitation  than  the  cor¬ 
responding  8-hydroxyquinoline  complex  (4,  6) . 
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RECOMMENDED  PROCEDURES 

Zinc  can  be  separated  from  aluminum  and  magnesium  ions  by 
precipitation  in  acetic  acid-acetate  solutions  with  8-hydroxy- 
quinaldine.  The  zinc  can  be  determined  gravimetrically  by 
weighing  the  precipitate  or  volumetrically  by  bromination.  If 
aluminum  is  present,  tartrate  is  added  to  prevent  precipitation  of 
any  basic  aluminum  salts. 

Magnesium  can  be  determined  in  the  filtrate  from  the  zinc  de¬ 
termination,  if  no  aluminum  is  present,  by  raising  the  pH  to  9.3 
or  higher.  When  tartrates  and  a  high  concentration  of  ammo¬ 
nium  salts  are  present  (when  aluminum  is  present)  the  magnesium- 
3-hydroxyquinaldine  complex  precipitates  so  slowly  that  the 
method  is  useless.  Calcium  ions  interfere  in  the  magnesium 
determination  in  amounts  over  2  or  3  mg.  and  should  be  previ¬ 
ously  removed. 

Aluminum  can  be  determined  after  removal  of  the  zinc  by  add¬ 
ing  8-hydroxyquinoline. 


PH 


figure  1.  Effect  of  pH  upon  Precipitation  of  8- 
Hydroxyquinaldine  Complexes 

O  Cupric  A  Magnesium 

i#  Ferric  A  Zinc 

It  is  advantageous  to  use  an  alcoholic  solution  of  8-hydroxy- 
quinaldine  for  the  volumetric  determination  of  magnesium  and 
an  alcoholic  solution  may  be  employed  in  the  zinc  determination. 
The  reagent  is  more  soluble  in  the  presence  of  alcohol  and  is  not 
coprecipitated  in  the  alkaljne  solutions.  No  trouble  is  experi¬ 
enced  in  the  gravimetric  determinations  and  when  using  acid 
solutions.  The  coprecipitated  reagent  is  volatile  at  130°  C.  The 
magnesium  and  zinc  salts  are  soluble  in  hot  95%  alcohol  and  the 
solubility  in  water  is  undoubtedly  slightly  increased  by  the  pres¬ 
ence  of  alcohol;  therefore  only  the  required  amount  of  reagent 
should  be  employed.  The  presence  of  an  excess  of  reagent  is  indi¬ 
cated  by  a  yellow  filtrate.  If  the  supernatant  liquid  is  not  yel¬ 
low,  more  reagent  should  be  added. 

Procedure  for  Zinc.  If  aluminum  is  present  add  1  gram  of 
ammonium  tartrate  to  the  clear,  slightly  acid  solution.  Add  2 
ml.  of  5%  S-hydroxyquinaldine  solution  in  2  A  acetic  acid  for 
every  10  mg.  of  zinc  present,  dilute  the  solution  to  about  200  ml., 
and  heat  to  60°  to  80°  C.  Neutralize  the  excess  acid  by  adding 
dilute  (1  to  5)  ammonium  hydroxide  drop  by  drop  until  the  zinc 


Table  I.  Determination  of  Zinc,  Magnesium,  and  Aluminun 


Zn  Taken 

Zn  Found 

Mg  Taken 

Mg  Found 

A1  Taken 

A1  Four 

Gram 

Gram 

Gram 

Gram 

Gram 

Gram 

0.0512 

0.0515 

Gravimetric  results 

0.0500 

0.050C 

0.0512 

0.0512 

0 . 0500 

0.050C 

0.0510 

0.0513 

0.0100 

0.010C 

0.0510 

0.0509 

0.0100 

0.010C 

0.0510 

0.0513 

0.0287 

0  A285 

0.0510 

0.0205 

0.0109 

0.0020 

0.0513 

0 . 0202 
0.0103 
0.0018 

0.0115 

0.0115 

0.0115 

0 . 0287 

0.0112 

O' 0248 
0.0248 
0.0250 

0.0512 

0.0510 

Volumetric  results 
0.0256  0.0256 

0.0512 

0.0516 

0.0287 

0 . 0286 

0.0205 

0 . 0208 

0.0256 

0.0254 

0.0040 

0 . 0044 

0 . 0287 

0.0286 

0.0040 

0.0510 

0.0042 

0.0518 

0 . 0287 

0 . 0287 

0.0286 

0.0250 

0.0510 

0.0507 

0.0287 

0.0250 

0.0206 

0 . 0204 

0 . 0287 

0 . 0250 

0.0010 

0.0013 

0.0287 

0.0100 

0.0010 

0.0013 

0 . 0287 

0.0100 

complex  salt  which  forms  on  the  addition  of  each  drop  just 
dissolves  on  stirring.  Add  45  ml.  of  2  A  ammonium  acet 
slowly  and  with  stirring.  The  pH  should  be  at  least  5.5.  A1 
the  solution  to  stand  for  10  to  20  minutes  before  filtenng  throi 
a  Gooch  or  filtering  crucible  if  the  precipitate  is  to  be  weighec 
through  a  filter  paper  if  the  precipitate  is  to  be  determined  v( 
metrically.  If  the  amount  of  zinc  is  low  and  the  amount 
aluminum  and  magnesium  is  high,  allow  the  solution  to  sts 
several  hours  before  filtering.  Wash  well  with  hot  water.  If 
precipitate  is  to  be  weighed,  dry  it  at  130°  to  140°  C.  for  at  le 
2  hours. 

To  determine  the  zinc  volumetrically,  dissolve  the  washed  f 
cipitate  with  30  ml.  of  hot  1  to  2  hydrochloric  acid  and  w 
thoroughly  with  hot  1  to  3  hydrochloric  acid  and  then  with 
water.  Moisten  the  paper  with  a  few  drops  of  concentra 
hydrochloric  acid  before  the  final  two  washings  with  water  in  or 
to  ensure  the  complete  solution  and  removal  of  all  zinc  comp 
salt.  If  the  amount  of  zinc  is  small  and  the  amount  of  alumin 
and  magnesium  is  large,  reprecipitate  the  zinc  as  described  abo 
Use  only  1  to  2  ml.  of  the  8-hydroxyquinaldine  reagent  for 
reprecipitation. 

Dissolve  the  second  precipitate  in  30  ml.  of  hot  1  to  3  hyd 
chloric  acid,  wash  the  paper  thoroughly  with  hydrochloric  a 
and  hot  water  as  before,  and  add  3  grams  of  potassium  bromide 
the  filtrate.  Dilute  the  solution  to  about  150  ml.  and  add  a  1 
drops  of  methyl  red  indicator.  Run  in  standard  0.1  A  potassi 
bromate  solution  from  a  buret  until  there  is  an  excess  present 
shown  by  the  bleaching  of  the  indicator.  Add  5  ml.  of  brom 
solution  in  excess.  Add  3  grams  of  potassium  iodide,  stir  ui 
dissolved,  and  back-titrate  with  standard  sodium  thiosulf 
solution  using  a  2%  starch  solution  as  indicator. 

If  no  aluminum  is  present  and  no  tartrate  has  been  added, 
proper  pH  for  the  precipitation  of  zinc  can  be  attained  by  add 
dilute  ammonium  hydroxide  until  a  white  precipitate  of  z 
hydroxide  appears.  Redissolve  the  zinc  hydroxide  with  a  di 
of  acetic  acid.  Add  2  ml.  of  the  acetic  acid  solution  of  &-hydro: 
quinaldine  for  each  10  mg.  of  zinc  present  and  then  2  to  3  dr< 
of  concentrated  ammonium  hydroxide.  The  pH  should  be 
least  5.5.  This  procedure  eliminates  the  high  concentration 
ammonium  salts  and  makes  it  easier  to  reach  the  required  pH 
the  precipitation  of  magnesium.  If  ammonium  acetate  is  us 
the  least  amount  possible  should  be  added. 

Procedure  for  Magnesium.  If  aluminum  was  not  presi 
and  tartrates  were  not  added  when  zinc  was  precipitated,  1 
filtrate  from  the  zinc  determination  can  be  used  for  the  determii 
tion  of  magnesium.  Add  3  ml.  of  acetic  acid  solution  of 
hydroxyquinaldine  for  every  10  mg.  of  magnesium  present  (if  1 
determination  is  to  be  carried  out  volumetrically,  use  an  alcohc 
solution  of  the  reagent)  and  add  concentrated  ammonium  1 
droxide  until  the  pH  is  at  least  9.3  or  until  no  further  precipiti 
forms.  Digest  the  solution  at  60°  to  80°  C.  for  20  minutes  a 
filter  through  a  Gooch  or  filtering  crucible  if  the  magnesium  is 
be  determined  gravimetrically  or  through  a  paper  filter  if  I 
determination  is  to  be  completed  volumetrically.  Wash  w 
hot  water,  dry  the  precipitate  at  130°  to  140°  C.,  and  weigh  fo 
gravimetric  determination. 

The  precipitate  may  be  dissolved  in  hydrochloric  acid  a 
titrated  with  potassium  bromate  according  to  the  procedure  oi 
lined  above  for  the  volumetric  determination  of  zinc. 

Procedure  for  Aluminum.  After  the  zinc  has  been  removi 
aluminum  may  be  precipitated  from  the  filtrate  by  adding 
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Tdroxyquinoline.  Warm  the  filtrate  to  60°  to  80°  C.  and  add 
i  ml.  of  a  2.5%  solution  of  8-hydroxy  quinoline  in  7.5%  acetic 
lid  and  then  10  ml.  of  2  N  ammonium  acetate.  Allow  the  pre- 
oitate  to  digest  10  to  20  minutes  and  filter  through  a  Gooch  or 
soering  crucible.  Wash  with  hot  water  and  dry  at  130°  to 
]0°  C.  for  at  least  2  hours.  The ‘precipitate  may  also  be  deter¬ 
mined  volumetrically  as  described  above  for  zinc. 

Results  of  several  typical  analyses  are  given  in  Table  I. 
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t  stoichiometric  relationship  between  phosphorus  and  iron  in 
flic  phytate  with  an  atomic  ratio  of  6P/4Fe  was  found  to  exist 
ten  phytic  acid  was  precipitated  with  a  sufficient  excess  of  ferric 
ioride  in  the  presence  of  sodium  sulfate.  On  the  basis  of  this 
Ming,  a  method  was  developed  for  the  determination  of  phytin 
l>sphorus  in  corn  grain. 


IjHE  determination  of  phytin  phosphorus  by  the  method  of 
I  Heubner  and  Stadler  (4)  is  based  on  the  titration  of  phytic 
|  i  with  standard  ferric  chloride  solution  with  the  formation 
ferric  phytate,  in  the  presence  of  ammonium  thiocyanate 
cator.  The  titration  is  carried  out  in  the  presence  of  0.6% 
ochloric  acid.  The  end  point,  shown  by  the  reddish 
n  ferric  thiocyanate,  is  indefinite  and  is  taken  arbitrarily 
he  point  at  which  the  color  persists  for  5  minutes.  It  is 
ent  that  the  nature  of  ferric  phytate  and  particularly  the 
o  of  iron  to  phosphorus  in  it  are  of  vital  importance  in  the 
uluation  and  use  of  this  method. 

I  gravimetric  ratio  of  phosphorus  to  iron  in  Heubner  and 
r’s  method  is  1.19.  This  factor  has  been  confirmed  by 
r  (5).  By  using  Starkenstein’s  ( 6 )  and  Anderson’s  ( 1 ,  2) 
[as  for  phytic  acid,  corresponding  to  C6H606[P0(0H)2]6.- 
and  CeHeCMPCROHEIs,  respectively,  it  may  be  cal- 
1  that  the  factor,  1.19,  represents  the  addition  of  2.8  moles 
i  to  1  mole  of  phytic  acid — that  is,  the  gravimetric  ratio 
2.8Fe  is  1.19.  From  these  formulas  it  may  also  be  ob- 
that  there  are  12  hydrogen  atoms  which  theoretically 
e  replaced  by  4  moles  of  ferric  iron.  This  means,  there- 
lat  the  Heubner-Stadler  end  point  does  not  represent  com¬ 
aturation  of  the  phytic  acid  with  ferric  iron,  but  that  it  is 
an  intermediate  point  in  the  saturation  process  which  is 
ucible  with  a  fair  degree  of  accuracy, 
idea  of  completely  saturating  phytic  acid  with  iron  occurred 
writer  as  a  possible  method  of  determining  phytin  phos- 
.  The  data  from  this  investigation,  presented  in  this 
indicate  that  1  mole  of  phytic  acid  (inositol  hexaphosphoric 
nder  proper  conditions  will  add  4  moles  of  ferric  iron, 
i  this  case  the  relationship  of  phosphorus  to  iron  in  tetra- 
|c  phytate  is  6  moles  of  the  former  to  4  of  the  latter.  This 
rfic  ratio,  6P/4Fe,  corresponds  to  the  gravimetric  factor, 
13.  This  relation  places  iron  and  phosphorus  on  a  chemical 
|  valent  basis  in  the  molecule  and  obviates  the  necessity  of 
>g  an  empirical  factor.  The  empirical  formula  of  this  com¬ 


pound  is  believed  to  be  CeHeC^PeFe^S^O.  However,  in 
view  of  the  polyvalence  of  both  phytate  and  ferric  ions,  it  is 
unlikely  that  any  such  molecules  as  above  formulated  are  formed 
The  probability  is  very  great  that  the  respective  ions  unite  in 
positions  that  may  be  termed  “out  of  phase”,  with  the  result  that 
a  polymeric  type  of  precipitate  is  formed  with  no  definite  molecu¬ 
lar  boundaries.  The  gradual  rather  than  stepwise  loss  of 
reactivity  with  the  decrease  of  replaceable  hydrogen  on  ap¬ 
proaching  the  Heubner  and  Stadler  end  point,  points  to  this 
conclusion  as  well  as  the  absence  of  a  definite  end  point.  This 
conclusion  is  also  supported  by  the  nonintegral  atomic  ratio 
of  6P/2.8Fe  in  the  precipitate  formed  at  the  end  point  chosen 
by  Heubner  and  Stadler. 

In  studying  the  relationship  of  phosphorus  and  iron  in  ferric 
phytate,  two  sources  of  phytic  acid  were  used — namely,  calcium 
phytate  and  corn  grain  extract. 

The  calcium  phytate  was  obtained  from  the  Soil  Biology  De¬ 
partment.  It  was  shaken  with  a  large  excess  of  distilled  water 
to  dissolve  any  soluble  fractions  which  might  be  present.  It  was 
then  filtered,  washed  with  additional  water,  then  alcohol,  and 
dried  at  100°  C.  for  30  hours.  This  substance  contained  16.09% 
total  phosphorus  and  from  its  reaction  with  iron  corresponded 
to  the  formula  CsHeC^PeCae .  3HaO  +  12H20.  The  data  in 
Table  I  were  secured  with  this  material  according  to  the  pro¬ 
cedure  given  for  the  corn  grain  extract. 

The  remainder  of  the  data  in  the  paper  were  secured  on  phytic 
acid  freshly  extracted  from  corn  grain.  The  freshly  ground  corn 
was  extracted  with  1.2%  hydrochloric  acid,  containing  10%  by 
weight  of  sodium  sulfate,  for  2  hours  on  the  shaking  machine. 
The  ratio  of  grain  to  solvent  was  1  gram  t®  20  ml.  The  acid  ex- 


Table  I.  Phosphorus-Iron  Ratios  in  Ferric  Phytate  Precipitate 

(As  influenced  by  iron-phosphorus  ratio  in  the  precipitating  mixture 
Precipitation  from  acidified  calcium  phytate) 

In  Precipitating  Mixture 

Multiple  of 


theoretical  / - In  Precipitate- 


P.  Mg. 

Fe,  Mg. 

ratio,  4Fe/6P 

Fe,  Mg. 

P/Fe 

1.19° 

Atomic  ratio 

6P:2.80Fea 

4.18 

8.05 

1.6 

4.18 

1.000 

6P:3.33Fe 

4.18 

10.04 

2.0 

4.54 

0.921 

8P:3.62Fe 

4.18 

10.04 

2.0 

4.33 

0.965 

6P:3 . 45Fe 

4.18 

12.05 

2.4 

4.78 

0.874 

6P:3.81Fe 

4.18 

12.05 

2.4 

4.67 

0.895 

6P:3.72Fe 

4.18 

17.31 

3.4 

4.99 

0.838 

6P:3.98Fe 

4.18 

17.31 

3.4 

4.77 

0.876 

6P:3.80Fe 

4.18 

43.27 

8.6 

5.02 

0.833 

6P:4.00Fe 

a  Values  which  correspond  with  Heubner-Stadler  end  point;  not  expert 
mental. 
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tract  was  centrifuged  and  filtered  through  a  filter  paper  and 
asbestos  using  suction.  About  800  ml.  of  corn  extract  were  pre¬ 
pared.  Phytic  acid  from  several  aliquots  of  this  stock  solution 
was  precipitated  with  excess  iron.  The  precipitate  was  filtered 
on  an  asbestos  mat  in  a  Gooch  crucible  with  suction  and  washed  5 
times  with  0.3%  hydrochloric  acid-2. 5%  sodium  sulfate  solution. 
The  precipitate  was  moistened  with  a  few  drops  of  50%  mag¬ 
nesium  nitrate  solution  and  ignited  in  a  muffle  for  1  hour  at  about 
1000°  C.  The  asbestos  mat  and  residue  were  transferred  into  a 
250-ml.  beaker  and  the  residue  was  dissolved  in  about  10  to  15 
ml.  of  1  to  1  hydrochloric  acid.  The  solution  was  filtered  and 
made  to  200  ml.  with  distilled  water,  and  total  phosphorus  was 
determined  ( 3 ).  The  total  milligrams  of  phosphorus  found  in 
the  iron  precipitate  represented  the  phytin  phosphorus  (7)  con¬ 
tained  in  the  aliquot  taken  from  the  stock  solution. 

The  relationship  .of  phosphorus  and  iron  in  ferric  phytate 
was  obtained  by  precipitating  the  phytic  acid  in  aliquots  of  these 
stock  solutions  with  a  known  excess  of  standard  ferric  chloride 
solution  for  about  1  hour.  The  ferric  chloride  solution  contained 
about  0.2%  iron  and  0.6%  hydrochloric  acid  (4).  The  total 
volume  also  contained  0.6%  hydrochloric  acid  (4)  and  about 
4%  sodium  sulfate.  Excess  iron  in  the  supernatant  liquid  was 
determined  as  described  below,  and  from  these  data  the  ratio 
of  phosphorus  to  iron  in  ferric  phytate  was  calculated. 


Nearly  all  of  the  first  3  moles  of  iron  are  added  to  the  ph 
acid  with  ease.  This  is  indicated  by  the  fact  that  in  the  Heul 
and  Stadler  titration  the  phytic  acid  removes  all  the  iron  f 
the  solution  almost  instantly  until  their  end  point,  corresponc 
to  a  2.8-mole  addition,  is  almost  reached.  The  addition  of 
fourth  mole  of  iron  to  the  phytic  acid  proceeds  with  increa 
difficulty,  as  is  evidenced  by  the  necessity  of  more  than  treb 
the  theoretical  atomic  Fe/P  ratio  in  the  precipitating  med 
in  addition  to  allowing  considerable  time  for  the  reaction  tc 
to  completion. 

Complete  iron  saturation  of  the  phytic  acid,  with  an  ato 
ratio  of  6P/4Fe,  corresponds  to  a  gravimetric  ratio,  P/Fe-0.1 
This  is  essentially  the  ratio  obtained  in  the  precipitate  wl 
sufficient  iron  was  used  and  adequate  time  allowed  for 
reaction. 

COMPOSITION  OF  FERRIC  PHYTATE  PRECIPITATE 

In  addition  to  the  values  obtained  by  analysis  of  the  resic 
iron  in  the  supernatant  solution,  an  experiment  was  condu< 
in  which  both  the  supernatant  solution  and  the  ferric  phy 
precipitate  were  analyzed  for  iron  and  phosphorus.  As  wil 
seen  in  the  last  two  columns  of  Table  III,  the  mean  composi 
of  the  ferric  phytate  precipitate  as  calculated  from  the  anal 
of  the  supernatant  solution  gives  a  gravimetric  P/Fe  rath 
0.836,  which  is  in  close  agreement  with  the  theoretical  valu 
0.833. 

On  the  other  hand,  direct  analyses  of  the  ferric  phytate 
cipitate  gave  values  for  iron  somewhat  higher  than  the  theoi 
cal,  resulting  in  ratios  similar  to  those  reported  by  Wrens 
and  Dyer  (7),  whose  paper  appeared  after  this  research 
completed.  It  is  believed  that  the  high  iron  values  are  a  re 
of  the  difficulty  of  washing  the  ferric  phytate  precipitate 
of  inorganic  iron  and  that  therefore  the  analysis  of  the  su 
natant  solution  is  the  technique  which  should  be  followed. 

QUANTITATIVE  METHOD  FOR  PHYTIN  PHOSPHORUS 

On  the  basis  of  the  results  of  this  investigation,  a  method 
determining  phytin  phosphorus  in  corn  grain  has  been  develo] 


EFFECT  OF  IRON  CONCENTRATION  IN  PRECIPITATING  MIXTURE 
ON  PHOSPHORUS-IRON  RATIO  IN  FERRIC  PHYTATE 


Table  II.  Phosphorus-Iron  Ratios  in  Ferric  Phytate  Precipitat 


The  quantity  of  iron  which  exists  in  combination  with  a  given 
quantity  of  phytic  acid  should  remain  constant  over  a  reason¬ 
able  range  of  iron  concentration  after  complete  saturation  has 
taken  place,  if  a  stoichiometric  relation  exists  between  phos¬ 
phorus  and  iron  in  ferric  phytate  with  an  atomic  ratio  of  6P/4Fe. 
Prior  to  complete  saturation  of  the  phytic  acid  the  quantity  of 
iron  reacting  with  phytic  acid  should  increase  with  increasing 
concentration  of  iron  in  the  precipitating  solution. 

Experimental  data  concerning  this  reaction  are  given  in 
Tables  I  and  II  and  Figure  1.  Table  I  represents  one  of  the 
earlier  experiments  with  calcium  phytate  in  which 


(As  influenced  by  iron-phosphorus  ratio  in  precipitating  mixture. 
Precipitation  from  corn  grain  extract) 


In  Precipitating  Mixture 

Multiple  of 

theoretical  . - In  Precipitate 


P,  Mg. 

Fe,  Mg. 

ratio,  4Fe/6P 

Fe,  Mg. 

P/Fe 

Atomic  rat 

3.31 

4.75 

1.2 

3.28 

1.009 

6P:3.30F< 

3.31 

4.75 

1.2 

3.23 

1.025 

6P:3.25Fe 

3.31 

9.50 

2.4 

3.89 

0.851 

6P:3.92F« 

3.31 

9.50 

2.4 

3.84 

0.862 

6P :  3 . 87Ff 

3.31 

14.25 

3.6 

4.04 

0.819 

6P:4.07Fe 

3.31 

14.25 

3.6 

4.02 

0.823 

6P:4.05Fe 

3.31 

19.00 

4.8 

4.00 

0.828 

6P :  4 . 02Fs 

3.31 

19.00 

4.8 

4.00 

0.828 

6P :  4 . 02Fe 

3.31 

23.75 

6.0 

3.94 

0.840 

6P :  3 . 97Fe 

3.31 

23.75 

6.0 

3.94 

0.840 

6P :  3 . 97Fe 

the  duplicates  do  not  agree  so  closely  as  in  the 
later  work  with  corn  extract.  These  data  indicate 
that  in  the  precipitation  of  ferric  phytate  the  ex¬ 
tent  to  which  the  12  hydrogen  atoms  in  the 
phytic  acid  are  replaced  by  iron  is  determined  by 
the  ratio  of  iron  to  phosphorus  in  the  precipitat¬ 
ing  mixture  in  the  range  below  about  3.6  times 
the  theoretical  ratio  in  the  ferric  phytate  pre¬ 
cipitate — i.e.,  4  atoms  of  iron  to  6  of  phos¬ 
phorus.  At  about  this  ratio  (3.6  X  4Fe/6P) 
the  hydrogens  of  the  phytic  acid  are  all  replaced 
by  iron,  with  the  result  that  the  presence  of  any 
larger  ratio  of  iron  to  phosphorus  has  no  effect 
upon  the  composition  of  the  precipitate  although 


Table  III.  Relation  of  Phosphorus  and  Iron  in  Ferric  Phytate  Precipitate 
Determined  by  Two  Procedures 


Aliquot 

P  in  Precipitate 
(Colorimetrically) 

Multiple  of 
Theoretical 
Ratio, 
4Fe/6Pa 

Fei  n  Precipitate 

P/Fe  in  Precipi 

A 

Mg. 

3.30 

2.4 

Mg.t> 

3.89 

Mg.c 

4.65 

Mg.b 

0.848 

A 

0.1 

3.30 

2.4 

3.84 

4.70 

0.859 

0.1 

B 

3.30 

3.6 

4.04 

4.20 

0.817 

0.1 

3.30 

3.6 

4.02 

4.20 

0.821 

0.1 

C 

3.33 

4.8 

4.00 

4.40 

0.833 

0.1 

3.33 

4.8 

4.00 

4.35 

0.833 

0.1 

D 

3.31 

6.0 

3.94 

4.30 

0.840 

0.1 

3.31 

6.0 

3.94 

4.60 

0.840 

0.1 

Mean 

Theory 

0.836 

0 . 833 

0,1 

a  In  precipitating  mixture. 
b  By  analysis  of  supernatant  solution. 
c  By  analysis  of  ferric  phytate  precipitate. 


it  may  accelerate  its  formation. 
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Table  IV.  Comparison  of  Phytin  Phosphorus  Values 


.s  determined  by  proposed  iron  method  and  by  analyses  of  ferric  phytate  precipitate) 


Corn 

Weight  of 

Fe“ 

—In  Precipitate- 
Phytin  P 

Phvtin 

- —In  Corn  Grain - ■. 

Total  Phytin  Phvtin  P 

Sample 

Sample 

(Fe  X  0.833) 

P4 

P 

P 

of  total P 

Grams 

Mg.  c 

Mg. 

Mg* 

% 

% 

% 

46 

1 . 2249 

4.05 

3.37 

3.34 

0.312 

0.275 

88.1 

47 

1.1948 

3.50 

2.91 

2.88 

0.281 

0.243 

86.5 

83 

1.1956 

3.55 

2.96 

2.96 

0.285 

0.247 

86.7 

86 

1.2228 

3.99 

3.32 

3.30 

0.312 

0.272 

87.2 

87 

1 . 1901 

3.82 

3.18 

3.24 

0.299 

0.267 

89.3 

90 

1 . 1791 

3.65 

3.44 

3.10 

0.296 

0.258 

87.2 

a  Determined  by  analysis  of  supernatant  solution. 

4  Determined  by  analysis  of  ferric  phytate  precipitate. 
c  Average  of  duplicate  determinations  from  acid  extract  of  a  single  sample. 


Prom  the  titration  value  the  milligrams  of  in¬ 
organic  iron  in  the  50-ml.  aliquot  may  be  ascer¬ 
tained,  and  the  value,  subtracted  from  the  total 
milligrams  of  iron  originally  added  to  the  aliquot, 
gives  the  milligrams  of  iron  chemically  bound  as 
ferric  phytate.  This  latter  quantity  multiplied  bv 
0.833  gives  milligrams  of  phytin  phosphorus  in  1.0 
gram  of  grain. 

This  method  was  further  checked  on  samples 
of  corn  grain  by  comparing  the  phytin  phos¬ 
phorus  obtained  by  the  proposed  iron  method 
with  that  obtained  from  the  ferric  phytate  precipi¬ 
tate.  The  iron  in  the  precipitating  mixture  ranged 
from  3.1  to  3.6  times  the  theoretical  amount  re- 


Weigh  4.6000  grams  of  finely  ground  corn  grain  into  a  200-ml. 
rlenmeyer  flask,  add  exactly  100  ml.  of  1.2%  hydrochloric  acid 
)  containing  10%  sodium  sulfate  by  weight,  and  shake  on  a 
i echanical  shaker  for  2  hours.  Decant  the  supernatant  liquid 
to  a  centrifuge  tube  and  centrifuge  for  about  10  minutes.  De¬ 
nt  the  liquid  through  a  dry  filter  paper  into  a  dry  beaker.  Im- 
ediately  pipet  50  ml.  of  the  extract  into  a  clean,  dry  200-ml. 
rlenmeyer  flask,  add  50  ml.  of  distilled  water,  and  mix  thor- 
(lghly.  Add  15  ml.  of  standardized  ferric  chloride  solution  pre- 
ired  in  0.6%  hydrochloric  acid  and  containing  approximately 
2%  iron.  Rotate  the  flask  gently  while  adding  the  iron  solu- 
on.  Stopper  the  flask  and  continue  to  rotate  until  the  ferric 
tiytate  forms.  Then  let  stand  about  1  hour  with  occasional 
laking.  Decant  the  solution  through  a  dry  filter  paper  into  a 
pan,  dry  beaker  or  centrifuge  the  solution.  Immediately 
pet  50  ml.  of  this  solution  into  a  100-ml.  beaker,  bring  hydro- 
iloric  acid  concentration  up  to  1  N,  and  put  through  a  Walden 
iver  reductor  in  two  portions.  Rinse  the  beaker  with  six  25- 
1.  portions  of  1  A  hydrochloric  acid,  allowing  each  portion  to 
'ain  almost  to  the  top  of  the  silver  column  before  adding  the 
;xt.  Catch  the  solution  and  washings  in  a  500-ml.  Erlenmeyer 
isk,  add  about  0.25  gram  of  sodium  fluoride  and  3  drops  of 
Hlium  diphenylamine  sulfonate  indicator,  and  titrate  the  fer- 
>us  iron  immediately  with  0.00895  N  potassium  dichromate  (1 
1.  =  0.5  mg.  of  iron).  The  end  point  is  very  sharp,  changing 
om  slightly  yellow  to  purple. 


quired  to  react  completely  with  the  phytic  acid 
(Table  IV). 

The  results  of  this  test  indicate  that  phytin  phosphorus  in 
corn  grain  may  be  determined  as  accurately  by  the  proposed 
iron  method  as  by  the  determination  of  phytin  phosphorus  in 
the  ferric  phytate  precipitate. 
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Determination  of  Small  Amounts  of  Sulfate  in 
Cellulose  Nitrate  and  Other  Cellulose  Esters 


CARROLL  L.  HOFFPAUIR  AND  JOHN  D.  GUTHRIE,  Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


rHE  relationship  between  sulfate  content  and  stability  of 
cellulose  nitrate  has  long  been  recognized  (4).  In  the  process 
stabilization  of  cellulose  nitrate  the  sulfate  content  approaches 
;ro  and  the  determination  of  sulfate  becomes  increasingly 
fficult. 

A  number  of  methods  for  estimating  sulfate  in  cellulose  esters 
ive  been  described.  Cross,  Bevan,  and  Briggs  (2)  used  aqua 
>gia  to  decompose  the  sample  and  determined  sulfate  gravi- 
etrically  on  the  digest.  Berl  and  Bemmann  (1)  and  Hake  and 
ewis  ( 4 )  decomposed  the  organic  material  with  alkali.  Kullgren 
)  decomposed  the  sample  with  hydrochloric  acid,  evaporated 
le  solution  to  dryness,  burned  the  residue  in  a  combustion  tube 
a  current  of  oxygen,  and  absorbed  the  evolved  sulfuric  acid  in 
idium  hydroxide  solution.  Dunnicliff  (8)  oxidized  the  cellulose 
trate  with  nitric  acid  and  sodium  chlorate  and  determined  the 
ilfate  gravimetrically .  Malm  and  Tanghe  (6)  decomposed 
sllulose  acetate  by  refluxing  with  nitric  acid,  completed  the  oxi- 
ition  with  potassium  nitrate,  and  determined  sulfate  gravi- 
etncally  after  removing  nitrate  by  evaporation  with  hydro- 
uoric  acid.  When  the  sulfate  content  of  cellulose  nitrate  or 
;her  esters  is  very  low  these  methods  require  the  use  of  large 
imples  to  provide  sufficient  amounts  of  the  barium  sulfate  pre- 
pitate  for  convenient  manipulation  and  the  decomposition  be- 
>mes  lengthy  and  tedious. 

A  method  of  analysis  which  has  proved  convenient  and  which 
■  ves  reproducible  results  involves  decomposition  of  the  cellulose 


nitrate  with  nitric  acid  to  which  a  small  amount  of  perchloric  acid 
is  added  after  the  initial  stage  of  digestion.  The  sulfate  in  the 
digest  is  determined  by  a  modification  of  the  Morgulis  and  Hemp¬ 
hill  (7)  method.  Barium  chromate  dissolved  in  dilute  hydro¬ 
chloric  acid  reacts  with  sulfate  ions  to  give  a  precipitate  of  barium 
sulfate  and  an  equivalent  amount  of  chromic  acid  which  can  be 
determined  iodometrically  after  the  excess  barium  chromate  is 
precipitated  by  making  the  solution  alkaline  with  ammonia.  This 
procedure  determines  total  sulfur,  but  it  is  assumed  that  practi¬ 
cally  all  the  sulfur  in  cellulose  nitrate  is  in  the  form  of  sulfate.  This 
assumption  is  implicit  in  almost  all  methods  for  determining 
sulfate  in  cellulose  nitrate  and  seems  reasonable  in  view  of  the 
processes  and  materials  used  in  its  manufacture. 

REAGENTS 

Barium  Chromate  Reagent.  Prepare  pure  barium  chromate 
by  double  decomposition,  using  solutions  containing  theoretical 
amounts  of  barium  chloride  and  potassium  dichromate.  Wash 
the  barium  chromate  thoroughly  with  1%  acetic  acid  and  then 
with  water  and  dry.  Dissolve  2.53  grams  of  barium  chromate  in 
100  ml.  of  2  N  hydrochloric  acid  and  dilute  to  1  liter. 

Potassium  Iodate,  0.01  N.  Dissolve  0.3567  gram  of  pure  po¬ 
tassium  iodate  in  water  and  dilute  to  exactly  1  liter. 

Sodium  Thiosulfate  Solution,  0.002  N.  Standardize  against 
the  standard  potassium  iodate  solution  at  the  same  time  the  de¬ 
terminations  are  titrated. 
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Perchloric  Acid,  60%. 

Nitric  Acid,  concentrated  reagent  grade. 

Starch  Indicator.  Dissolve  1  gram  of  soluble  starch  ( 8 )  in 
100  ml.  of  boiling  water. 

Ammonium  Hydroxide,  concentrated  reagent  grade. 

Sulfuric  Acid,  10%. 

Potassium  Iodide,  crystals  which  giye  no  test  for  free  iodine. 

METHOD 

Weigh  accurately  into  a  50-ml.  beaker  a  sample  of  cellulose 
nitrate  containing  between  0.4  and  1.2  mg.  of  sulfate.  The  sam¬ 
ple  should  not  exceed  about  2  grams.  Place  a  small  stirring  rod 
in  the  beaker,  add  20  ml.  of  concentrated  nitric  acid,  cover  with  a 
watch  glass,  and  heat  on  a  steam  bath  until  the  cellulose  nitrate 
dissolves.  Add  3  ml.  of  60%  perchloric  acid  and  heat  on  a  hot 
plate  so  that  the  solution  boils  gently.  Digest  untilcopious  white 
fumes  are  evolved.  If  the  solution  is  colored,  add  about  10  ml. 
of  water  and  again  digest  until  white  fumes  appear.  Continue 
the  digestion  until  the  volume  of  solution  in  the  beaker  is  less 
than  1  ml.  Do  not  allow  the  solution  to  approach  dryness,  since 
this  leads  to  low  values  and  may  introduce  a  hazard.  Transfer  to 
a  15-ml.  graduated  centrifuge  tube.  Wash  the  beaker  thoroughly 
by  using  a  medicine  dropper,  being  careful  that  the  total  volume 
does  not  exceed  5  or  6  ml.  Add  5  ml.  of  barium  chromate  reagent 
and  allow  precipitate  to  form  for  at  least  4  hours  or  preferably 
overnight.  Make  alkaline  with  concentrated  ammonium  hy¬ 
droxide  (about  3  ml.).  Add  water  to  make  the  total  volume 
exactly  15  ml.,  mix  well,  allow  to  stand  for  1  hour,  and  centrifuge. 

Pipet  a  5-ml.  aliquot  of  the  supernatant  liquid  into  a  50-ml 
Erlenmeyer  flask.  Add  approximately  50  mg.  of  potassium  iodide 
and  8  drops  of  starch  indicator.  Acidify  with  10%  sulfuric  acid 
and  titrate  with  sodium  thiosulfate  solution  to  disappearance  of 
starch  iodide  color. 

If  more  than  0.4  mg.  but  less  than  1.2  mg.  of  sulfate  is  present 
in  the  sample,  the  sulfate  content  may  be  calculated  from  the 
stoichiometric  factor.  One  milliliter  of  0.002  N  sodium  thiosulfate 
is  equivalent  to  0.064  mg.  of  sulfate  (S04)  or  0.021  mg.  of  sulfur. 
If  there  is  less  than  0.4  mg.  of  sulfate  in  the  sample,  repeat  the 
determination,  using  a  larger  sample,  since  titrations  in  this  range 
vary  with  the  amount  of  perchloric  acid  remaining  after  digestion. 

DISCUSSION  AND  EXPERIMENTAL 

Certain  details  in  the  procedure  have  been  incorporated  to  re¬ 
duce  danger  of  explosions.  If  perchloric  acid  which  is  both  hot 
and  concentrated  is  brought  into  contact  with  organic  material, 
a  definite  explosive  hazard  exists.  By  first  degrading  the  cellu¬ 
lose  nitrate  with  concentrated  nitric  acid  and  then  adding  a  small 
amount  of  perchloric  acid  this  danger  is  eliminated  because  the 
perchloric  acid  is  diluted  by  the  nitric  acid.  As  the  solution 
evaporates,  the  organic  material  is  oxidized,  so  that  before  the 
perchloric  acid  has  become  concentrated  the  organic  material  is 


Table  1. 

Sulfate  Recovery  Data 

Sample 

0 11 1 1  uIC 

(1  Gram) 

Added  a 

Found 

Calculated 

Mg. 

Mg. 

Mg. 

Cellulose  nitrate 

0.00 

1.27 

1.25 

0.19 

1.47 

1.45 

1.45 

Cellulose  nitrate 

0.00 

0.48 

0.48 

0.95 

0.95 

0.96 

Cellulose  acetate 

0.00 

0.31 

0.31 

0.48 

0.77 

0.78 

0.79 

Glucose  pentaacetate 

0.00 

0.00 

0.00 

0.48 

0.49 

0.50 

0.48 

Dextrose 

0.00 

0.00 

0.00 

0.48 

0.49 

0.50 

0'48 

Cellulose  acetate  propionate 

0.00 

0.27 

0.27 

0.48 

0.74 

0.75 

0.75 

Cellulose  acetate  butyrate 

0.00 

0.09 

0.10 

Added  as  0.001  M  H2SO«. 

0.48 

0.58 

0.59 

0.68 

S  0  2  4  6  8  to  12  !4  16  18  20 

ML.  OF  0.001-M  H2SO4  (0,096  mg.  S04  p«r  ml)  ADDED 

Figure 


f .  Recovery  of  Sulfate  in  the  Presence  and  Absence  ol 
Cellulose 


decomposed.  The  solution  is  never  allowed  to  approach  dryness 
In  the  course  of  several  hundred  determinations  by  this  methoi 
no  explosions  have  occurred. 

The  range  and  accuracy  of  the  method  were  established  b’ 
weighing  a  series  of  1-gram  samples  of  sulfate-free  cotton  cellu 
lose  into  beakers,  to  which  were  added  definite  amounts  of  i 
0.001  M  (0.096  mg.  of  S04  per  ml.)  solution  of  sulfuric  acid.  Th< 
determinations  were  then  carried  out  as  outlined  above.  A  simi 
lar  series  omitting  the  purified  cellulose  was  also  treated  in  th< 
same  manner.  In  Figure  1  the  values  obtained  by  titration  of  i 
5/15  aliquot  with  0.002  N  sodium  thiosulfate  are  plotted  againsi 
the  milliliters  of  0.001  M  sulfuric  acid  added  to  the  sample 
The  stoichiometric  curve  is  drawn  on  the  same  figure.  Whei 
there  is  less  than  about  0.4  mg.  of  sulfate  in  the  sample,  the  titra¬ 
tion  values  are  not  reproducible  and  are  usually  considerably 
above  theory.  In  this  range  the  value  of  the  titration  is  depend¬ 
ent  on  the  amount  of  perchloric  acid  remaining  after  digestion 
If  1  ml.  or  more  of  perchloric  acid  is  allowed  to  remain  after  diges¬ 
tion,  titration  values  considerably  greater  than  those  shown  in 
in  Figure  1  for  0  to  4  ml.  of  0.001  M  sulfuric  acid  may  be  obtained. 
If  more  than  1.2  mg.  of  sulfate  is  present,  the  titration  values 
tend  to  be  low.  Within  the  range  of  0.4  to  1.2  mg.  of  sulfate  the 
points  fall  on  the  stoichiometric  curve,  so  that  no  deduction  for  a 
blank  is  required  for  the  reagents  which  were  used.  This  fact 
should  be  established  for  each  set  of  the  reagents  prepared. 

In  order  to  check  the  accuracy  of  the  method,  samples  of  cellu¬ 
lose  nitrate  and  other  related  organic  materials  were  analyzed 
both  with  and  without  the  addition  of  known  amounts  of  sulfuric 
acid.  The  results,  shown  in  Table  I,  indicate  that  sulfate  u 
cellulose  esters  may  be  accurately  determined  by  the  method. 
Any  ion  such  as  phosphate  which  forms  an  insoluble  barium  salt 
would  interfere.  None  of  these  was  present  in  the  materials- 
analyzed. 
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Photoelectric  Automatic  Liquid  Level  Control 

NORMAN  H.  CEAGLSKE  AND  SOL  A.  KESSLINGER1 
Washington  University,  St.  Louis,  Mo. 


\n  automatic  level  control  consisting  of  a  photoelectric  relay  oper- 
:ing  a  solenoid  valve  is  described.  The  beam  of  light  actuating  the 
Jay  is  directed  at  an  angle  onto  the  photocell  so  that  the  water 
:vel,  on  rising,  refracts  the  beam  away  from  the  photocell  and  closes 
ie  solenoid  valve. 


.  MANUALLY  maintaining  a  constant  liquid  level  in  a  forced- 
▼  I  circulation  vacuum  evaporator  that  had  been  set  up  in 
ie  laboratory  was  found  difficult.  A  number  of  methods  of  pro- 
iding  automatic  level  control  were  considered. 

The  choice  of  the  type  of  control  to  be  used 
as  influenced  by  the  following  conditions: 


The  circuit  is  that  of  an  ordinary  amplifier  with  the  relay  as  its 
load.  The  tube  acts  as  its  own  rectifier,  condenser  Ct  preventing 
the  relay  from  chattering  at  60  cycles.  Potentiometer  P  supplies 
grid  bias  for  the  tube  and,  with  the  photocell  dark,  is  adjusted  so 
that  the  relay  has  just  insufficient  strength  to  close  the  contacts. 
When  the  phototube  is  illuminated  it  passes  more  current  and 
makes  the  grid  less  negative,  thus  increasing  the  plate  current 
and  operating  the  relay.  When  the  illumination  is  removed,  the 
relay  again  opens.  Condenser  C2  serves  to  eliminate  the  phase 
difference  between  grid  and  plate  voltages. 

The  complete  circuit  diagram  of  the  photoelectric  relay  as  in¬ 
stalled  is  shown  in  Figure  2. 


1  The  evaporator  is  operated  under  a  con- 
derable  vacuum  and  the  control-actuating 
fevice,  therefore,  must  not  introduce  air  leaks 
ito  the  system. 

I  The  level  to  be  controlled  is  considerably 
■moved  from  the  point  at  which  feedwater  is 
produced  into  the  system. 

The  surface  of  the  water  is  in  constant  agita- 
on  because  of  the  forced  circulation  and 
piling. 

It  was  decided  that  an  on-off  control  would 
desirable  because  of  its  simplicity  and 
ositive  action,  its  inherent  cycling  character 
eing  no  disadvantage  since  moderate  fluc- 
lations  in  level  have  no  effect  on  operation 
f  the  evaporator. 

The  control  which  was  installed  is  adapted 
b  operation  under  the  above  conditions  and 
insists  basically  of  a  photoelectric  relay  which 
controlled  by  the  rise  and  fall  of  the  level 
f  the  water  in  the  evaporator.  The  relay  in 
lrn  operates  a  solenoid 
alve  which  controls 
he  feedwater  inlet, 
ight  glasses  had  already 
een  built  into  the  evapo- 
ator  and  no  further 
acuum-tight  fittings  had 
p  be  installed. 

The  water  level  was 
aade  to  control  the  light 
earn  despite  its  transpar- 
ncy  by  having  the  light 
earn  at  an  angle  with  the 
orizontal,  so  that  the 
earn  was  refracted  away 
•om  the  photocell  by  the 
jsing  water.  A  time  delay 
as  incorporated  into  the 
jetion  of  the  relay,  so  that 
ipid  changes  in  the  light 
earn  resulting  from  con- 
nuous  agitation  of  the 
irface  would  not  affect  the 
elay. 


The  fundamental  circuit 
f  an  alternating  current- 
perated  phototube  relay 
•  shown  in  Figure  1  (1). 

1  Present  address,  Midwest 
onsultants,  St.  Louis,  Mo. 


Figure  1.  Alternating  Current-Operated  Phototube  Circuit 


Figure  2.  Complete  Circuit  Diagram 
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The  special  transformer  appearing  in  the  circuit  of  Figure  1  is 
replaced  by  a  voltage-divider  arrangement  supplying  grid  bias 
and  the  reduced  voltage  necessary  to  prevent  the  gas-filled  photo¬ 
tube  from  glowing.  The  Type  6SJ7  amplifier  tube  has  suitable 
plate  current  to  operate  the  type  of  relay  which  was  obtained. 
Time  delay  is  introduced  by  the  inductive-resistive  effect  of  a 
variable  resistor  in  series  with  the  relay.  A  three-position  switch 
provides  for  automatic  or  hand  operation  and  the  two  pilot  lights 
indicate  whether  the  relay  is  open  or  closed  (red  indicates  valve 
closed  and  green  valve  open).  The  relay  and  photocell  are  wed 
into  the  circuit  in  such  a  way  that  the  valve  wall  be  closed  during 
the  period  in  which  the  tube  is  warming  up,  and  also  under  such 
extraordinary  circumstances  as  failure  of  the  light  source,  sudden 
ebullition  because  of  increased  vacuum,  etc. 

The  fight  source  consists  of  a  32-candlepower  automobile  head¬ 
light  bulb  fitted  with  a  lens  to  focus  an  image  of  the  filament  onto 
the  photocell.  The  solenoid  valve  was  manufactured  by  the 
Minneapofis-Honeywell  Regulator  Company  and  requires  0.25- 
ampere  steady  current  at  110  volts  alternating  current.  If  the 
feed  enters  at  atmospheric  pressure,  the  valve  should  be  designed 
for  a  pressure  of  not  more  than  15  pounds  per  square  inch.  If  its 
rated  pressure  is  too  high,  the  valve  will  not  close  properly. 

Method  of  Operation.  Place  the  three-position  switch  in  the 
automatic  position  and  the  ‘  ‘time  delay”  control  at  maYiTnnm 

Cover  the  photocell  opening  with  the  hand  and  (a)  move  the 
"operating  point”  control  to  the  right  until  the  green  pilot  fight 
turns  on;  (6)  slowly  move  the  same  control  in  the  opposite  direc¬ 
tion  until  the  red  pilot  light  just  turns  on. 


The  adjustment  is  critical  and  should  be  repeated  if  the  re 
chatters  or  fails  to  open  and  close. 

This  unit  has  been  in  operation  for  over  a  year  and  has  pro\ 
very  satisfactory.  Anyone  with  a  little  radio  experience  can  eas 
build  a  control  of  this  type  at  a  total  cost  of  from  $35.00  to  .$50 J 

PARTS  FOR  PHOTOCELL  RELAY 

1  SPDT  sensitive  relay,  1  to  2  ma.  to  close,  contacts  rated  a: 
amperes  noninductive  A.C. 

1  Type  6SJ7  receiving  tube  (Type  6SJ7GT  may  be  substitute 
1  Type  930  gas-filled  phototube 
1  50,000-ohm  wire-wound  linear  potentiometer 

1  2000-ohm  wire-wound  linear  potentiometer 

2  2000-ohm,  10-watt  wire-wound  resistors 

1  1000-ohm,  10-watt  wire-wound  resistor 

1  20-megohm,  0.5- watt  carbon  resistor 

1  0.0005-mfd.  mica  condenser 
1  8-mfd.  450-volt  electrolytic  condenser 

1  transformer,  110  to  6.3  volts  at  6  amperes 

2  110-volt,  6-cp.  pilot  fights,  candelabra  base 

1  6-  to  8-volt,  32-cp.  Mazda  bulb,  No.  1132 

1  SPDT  toggle  switch,  center  off  position 
1  2-pole  round  Bakelite  receptacle 
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New  Design  of  Humidity  Cabinet  for  Corrosion  Testing 

Ft-OV'D  TODD,  Quaker  Chemical  Products  Corporation,  Conshohocken,  Pa. 


THE  corrosion-testing  cabinet  described  herein  was  designed 
to  give  an  accurate  and  reproducible  comparison  of  the  rela¬ 
tive  efficiencies  of  corrosion  preventives  -which  are  to  be  used 
under  indoor  storage  conditions,  including  intermediate  protec¬ 
tion  in  the  process  of  manufacture. 

These  conditions  differ  in  kind  as  well  as  in  degree.  For  indoor 
protection  the  rust-preventive  coatings  should  possess  sufficient 
solubility  in  suitable  solvents  to  be  very  easily  removed.  For 
outdoor  protection  it  may  suffice  that  the  compound  be  roughly 
removable,  for  example,  by  wiping.  Furthermore,  for  outdoor 
protection  any  appreciable  water-solubility  of  the  protective 
agent  is  very  objectionable,  as  rain  would  remove  any  water- 
soluble  ingredients,  while  for  indoor  protection  it  may  even  be 
desirable,  so  long  as  it  does  not  make  the  product  hygroscopic  or 
susceptible  to  dew  or  condensation. 

Testing  an  outdoor  type  of  compound  under  indoor  conditions, 
or  an  indoor  compound  under  outdoor  conditions,  may  lead  to 
adopting  materials  inadequate  for  the  purpose  intended,  or  to 
discarding  products  which  would  have  been  most  advantageous. 

This  article  presents  a  new  testing  device  for  accelerated  cor¬ 
rosion  tests  under  extreme  indoor  conditions  (high  temperature, 
high  humidity,  air  exchange,  condensation  of  moisture  without 
"  ashing-out  effect,  radiation,  and  such  added  chemical  corrosive 
influences  as  may  be  desired).  This  cabinet  is  based  on  experi¬ 
ence  accumulated  over  more  than  a  decade  with  all  types  of  cor¬ 
rosion-testing  devices,  and  provides  a  more  accurate  control  of 
the  variables  than  any  other  type  known  to  the  author. 

Cabinets  previously  used  include  the  conventional  type,  which 
consists  of  a  closed  space,  provided  with  a  spray  or  bubbling  type 
of  humidifier,  means  for  circulating  the  air,  and  electrically  ac¬ 
tuated  heater  and  thermoregulator  U~8).  Other  types  provide 
for  sealed  cabinets,  operating  at  high  humidity  in  alternating 
cycles  of  higher  and  lower  temperature  (Ball  Bearing  Engineers’ 
Committee).  The  ‘'weatherometer”  is  a  well-known  apparatus 
adopted  for  corrosion  tests  under  outdoor  conditions  (1).  Salt- 
spray  cabinets  are  used  for  accelerated  testing  of  the  relative 
corrosion  proofing  efficiencies  of  protective  coatings  for  metals 
which  may  be  subjected  to  sea  air  exposure  (2,  3). 


In  all  prior  apparatus  the  heating  has  been  centralized  in  t 
small  an  area.  As  a  result,  convection  currents  and  radiatii 
effects  have  occurred  within  the  cabinets,  causing  uneven  exp 
sure  conditions  and  consequent  serious  irregularities  in  corrosii 
test  results.  Furthermore,  many  humidity  cabinets  are  square 
rectangular  in  shape.  Such  a  design  is  conducive  to  undesirab 
channeling  of  air  and  moisture  in  those  cabinets  which  opera 
under  the  usual  dynamic  exposure  conditions. 

In  any  thermostatically  controlled  apparatus,  whether  h 
mid  it  or  salt-spray  cabinet,  the  temperature  fluctuates  within 
range  of  lc  to  3°  F.  (0.5556°  to  1.6668°  C.),  because  of  the  k 
in  the  regulator.  These  variations  ma3'  be  accentuated  by’  coi 
vection  currents.  Even  when  the  temperature  fluctuates  with 
constant  limits,  the  actual  corrosion  temperature  ratio  may'  vai 
great!}*,  depending  on  the  quality'  of  insulation  and  the  temper; 
ture  and  ventilation  of  the  air  surrounding  the  apparatus.  Th 
is  illustrated  by  the  following  curves,  which  show  the  temper; 
ture  charts  in  the  same  cabinet,  in  which  the  regulator  shuts  c 
the  heat  at  122°  F.  and  starts  heating  120°,  a  better  than  averaj 
range : 


ROOM  TEMPERATURE  70°F 


£Z5ZSZSZ5ZSZSZ5ZSZ 

ROOM  TEMP.  70‘F  —  WINDOW  OPEN  8  FT  FROM  CABINET 


ROOM  TEMPERATURE  92*F 


On  the  upward  slope  on  the  temperature  curve  the  air  in  th 
cabinet  is  less  than  saturated  with  moisture;  on  the  downwan 
slope  it  is' supersaturated,  and  condensation  may  occur.  Thi 
condensation  is  irregular  and  emphasizes  any  slight  surface  if 
regularity  of  the  samples.  Moreover,  the  type  of  cycle  pro 
foundlv  affects  the  corrosion  behavior,  leading  to  appreciabl 
discrepancies  in  corrosion  time  and  particularly  in  corrosioi 


ne,  1944 


ANALYTICAL  EDITION 


395 


pes,  dependent  on  external  factors  not  controlled  in  any  cabi- 
it  specifications  with  which  the  author  is  familiar. 

A  humidity  cabinet  for  corrosion  testing  has  therefore  been 
signed  in  order  to  eliminate  the  disadvantages  of  prior  cabinets. 
6  design  gives  additional  advantages  inherent  in  only  this  type 
cabinet. 


The  walls  and  bottom  are  heated  over  a  preponderant  area. 
T  his  heating  is  effected  by  means  of  the  vapors  of  a  constant¬ 
boiling  liquid  and  is  therefore  absolutely  uniform  and  lagless. 
Convection  currents  are  thus  completely  eliminated. 

Still  more  important,  the  temperature  1  ‘curve”  is  here  a  straight 
line,  the  cycles  of  recurrent  sub-  and  supersaturations  are  elim¬ 
inated  completely,  because  the  temperature  is  that  of  the  boiling 

point  of  a  constant-boiling 
liquid,  and  no  mechanical 
regulation  is  necessary. 

The  uniformity  of  the 
temperature  and  humidity 
conditions  within  the  cabi¬ 
net  give  accurate  compari¬ 
sons  of  the  relative  efficien¬ 
cies  of  corrosion  preventives, 
platings,  varnishes,  or  other 
protective  coatings.  These 
results  can  be  accurately  re¬ 
produced. 

By  using  cyclopentane  as 
the  heating  liquid  a  tem¬ 
perature  of  120°  F.  (49°  C.) 
is  maintained,  which  is  a 
commonly  specified  condi¬ 
tion.  By  selecting  the  heat¬ 
ing  liquid,  practically  any 
temperature  desired  can  be 
maintained  exactly. 

The  air  used  in  the  cabi¬ 
net  is  preheated  to  the  tem¬ 
perature  of  the  cabinet  and 
prehumidified  to  100%  be¬ 
fore  it  enters  the  cabinet 
chamber,  regardless  of  the 
operating  temperature  of 
the  cabinet  or  of  outside 
conditions. 

Air  and  water  entering 
the  cabinet  are  automati¬ 
cally  and  accurately  con¬ 
trolled  and  are  not  affected 
even  by  relatively  wide  va¬ 
riations  in  the  laboratory  or 
plant  lines. 

The  design  avoids  corners 
or  sharp  angles,  which  tend 
to  cause  irregularities  in 
air  currents  within  the 
cabinet. 


The  only  variable,  that 
of  the  effect  on  boiling  point 
of  variations  of  atmospheric 
pressure,  has  proved  prac¬ 
tically  insignificant. 

CONSTRUCTION  OF  CABINET 

The  cabinet,  shown  in 
vertical  section  in  Figure  1 
and  in  horizontal  section  in 
Figure  2,  consists  of  a  vapor- 
tight,  jacketed  cylindrical 
container,  V,  with  a  coni¬ 
cal  bottom  and  top.  The 
chamber  is  made  of  No.  22 
B.  &  S.  gage  Monel  metal. 
The  annular  spaces  and 
lid,  W,  are  insulated  with 
loosely  packed  rock  wool  or 
glass  wool.  Fourteen  feet 
(420  cm.)  of  0.25-inch  (0.6- 
cm.)  copper  tubing  are  bent 
into  a  spiral  and  tacked 
uniformly  around  the  bot¬ 
tom  of  the  cabinet  chamber. 
The  top  of  the  spiral  tub¬ 
ing  is  bent  abruptly  down¬ 
ward  in  the  central  part  of 
the  cabinet  with  its  orifice 
at  N.  An  overflow  tube,  O, 
is  used  to  keep  a  constant  • 
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Figure  2.  Horizontal 
Section  of  Cabinet 


water  level  in  the  cabinet  as  shown 
by  the  horizontal  dotted  line.  A 
wooden  support,  U,  is  used.  The 
cabinet  is  mounted  in  a  0.5-inch 
(1.25-em.)  plywood  container.  The 
heating  flask,  Q,  is  a  2-liter  round- 
bottomed  Pyrex  flask  in  an  oil 
bath,  S. 

The  test  panel  supports  consist 
of  4  concentric  rings  which  are 
divided  into  quadrants.  Each 
quadrant  is  a  separate  unit  and 

may  be  removed  separately  for  panel  inspections.  Each  quadrant 
slides  into  its  own  vertical  support  sleeve  which  is  fastened  to  the 
center  bottom  of  the  cabinet  chamber.  Panel  hooks  of  No.  16 
B.  &  S.  gage  Monel  metal  are  spaced  0.625  inch  (1.58  cm.) 
apart  on  the  concentric  rings.  This  allows  approximately  50 
hooks  per  quadrant  or  200  hooks  for  the  entire  cabinet.  Experi¬ 
ence  has  shown  that  the  use  of  these  metal  hooks  instead  of  glass 
hooks  causes  no  perceptible  corrosion  at  the  point  of  contact  be¬ 
tween  the  panel  and  the  metal  hook.  The  concentric  rings  to 
which  the  panel  hooks  are  supported  consist  of  0.125-inch  (0.3- 
cm.)  Monel  metal  rod.  A  baffle  plate,  M,  consists  of  a  circular 
piece  of  No.  22  B.  &  S.  gage  Monel  metal  and  is  fastened  to  the 
panel  support  sleeves  0.25  inch  above  the  surface  of  the  water 
level  as  determined  by  the  overflow  tube,  O. 

Sedimentation  bottle  A  has  a  capacity  of  5  gallons  (19  liters). 
Reflux  condenser  B  is  fairly  long  with  a  0.75-inch  diameter  inner 
condenser  tube.  The  top  of  the  condenser  is  partially  closed  to 
decrease  loss  of  the  volatile  solvent  (cyclopentane  for  b.p.  120°  F., 
acetone  for  136°,  etc.)  by  diffusion  into  the  air.  The  air  regulator 
and  safety  tube,  I,  is  a  large  2  X  20  inch  glass  tube.  G  is  an  or¬ 
dinary  calibrated  flowmeter.  D  is  a  water-pressure  regulator 
which  operates  under  a  constant  hydrostatic  pressure  equivalent 
to  22  inches.  The  lower  end  of  this  tube  is  drawn  down  to  a  fine 
capillary,  so  as  to  admit  a  fine  stream  of  water  into  tube  K.  H 
is  an  iron  support  fastened  to  the  back  of  the  humidity  cabinet 
container  and  is  used  to  hold  the  control  instruments,  B,  I,  G 
E,  and  D. 

Figure  3  is  an  inside  view  of  the  cabinet,  taken  from  above; 
Figure  4  shows  the  complete  instrument,  in  operation. 


OPERATION  OF  THE  CABINET 

The  cabinet  is  filled  with  water  to  the  top  of  O.  (Care  must  be 
exercised  to  wash  the  cabinet  thoroughly  to  remove  acid  soldering 
fluxes  before  using.)  This  water  and  the  walls  of  the  cabinet 
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are  heated  by  means  of  the  hot  vapors  rising  from  Q,  at  such  a  rat 
as  to  produce  slight  refluxing  in  condenser  B.  Because  of  th 
good  insulation  around  the  cabinet  the  ‘  ‘low  heat”  of  a  small  he 
plate,  T,  was  found  to  be  sufficient. 

The  humidity  in  the  cabinet  is  maintained  by  admitting  an  e> 
cess  of  water  into  sedimentation  bottle  A.  This  bottle  allow 
fine  particles  of  dirt  and  rust  to  precipitate,  so  as  not  to  plug  th 
fine  orifice  at  the  bottom  of  D.  The  water  on  leaving  A  is  use 
for  cooling  condenser  B,  then  passes  into  the  water  pressure  regi 
lator,  D.  The  excess  water  is  allowed  to  escape  by  way  of  tut 
F  to  the  drain.  Water  is  then  automatically  admitted  at  a  slo> 
constant  rate  into  mixing  tube  K. 

An  excess  of  air  is  admitted  into  air-pressure  regulator  tube  j 
The  flowmeter,  G,  is  calibrated  to  allow  air,  equivalent  to  4  tirm 
the  volume  of  the  humidity  cabinet,  to  pass  through  tube  E  pc 
hour.  The  excess  air  is  allowed  to  escape  at  the  top  of  tube  , 
This  air-pressure  regulator  tube  will  keep  the  rate  of  air  flow  int 
the  cabinet  constant  regardless  of  relatively  wide  variations  i 
laboratory  or  plant  air  pressures. 

The  metered  air  and  water  in  tube  K  descend  and  enter  th 
bottom  of  the  cabinet  at  P,  then  travel  a  long  upward  spiral  pat 
through  the  submerged  copper  tubing.  During  this  passage  th 
air  is  preheated  and  prehumidified  to  the  same  conditions  as  tb 
humidity  cabinet  before  it  emerges  at  the  orifice  in  the  centc 
bottom  of  the  cabinet  at  N.  The  air  then  rises  vertically  throug 
the  water  in  the  bottom  of  the  cabinet  and  finally  emerges  at  th 
surface  beneath  the  baffle  plate,  M.  This  baffle  plate  breaks  a 
air  bubbles  and  in  so  doing  prevents  the  water  spray  from  th 
breaking  air  bubbles  from  falling  onto  the  test  panels.  It  als 
serves  to  distribute  the  emerging  air  in  a  uniform  manner  through 
out  the  cabinet  and  thereby  prevent  air  channeling. 

The  exhaust  air  is  allowed  to  escape  through  chimney  J,  whic 
also  serves  as  the  handle  for  removing  the  lid.  The  underside  c 
the  lid  is  conical,  so  as  to  allow  small  amounts  of  water  condem 
ing  on  the  lid  to  return  to  the  bottom  of  the  cabinet  by  way  of  th 
center.  In  this  way  the  test  panels  will  not  be  wet  by  wate 
drops. 

When  the  panel  supports  are  removed  for  inspecting  the  te- 
panels,  the  lid  should  be  replaced  as  promptly  as  possible,  if  a  ver 
volatile  heating  medium  is  used.  Any  appreciable  drop  of  ten 
perature  inside  the  cabinet  will  lead  to  air  entering  the  jacke’ 
and  to  consequent  increase  in  evaporation  losses.  These,  how 
ever,  are  very  moderate.  Even  with  the  very  low  boiling  cycle 
pentane  (120°  F.)  the  normal  loss  is  less  than  1  pint  weekly. 


Figure  3 
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Figure  4 


Test  panels  were  suspended  in  different  parts  of  this  cabinet 
check  its  uniformity ;  regardless  of  where  they  were  suspended 
;  corrosion  was  the  same.  Furthermore,  because  of  the  uni- 
mity  of  the  corrosion  effects  it  was  found  that  1X3  inch  test 
riels  could  be  used  with  results  fully  as  reliable  as  those  obtain- 
le  with  the  usual  2X4  inch  test  panels.  These  smaller  test 
riels  permit  a  considerably  larger  testing  capacity. 

Table  I  illustrates  differences  in  performance  between  the 
ssent  cabinet  and  a  cabinet  of  the  conventional  type. 

Both  cabinets  were  operated  at  120°  F.  and  100%  relative  hu- 
iity.  In  the  conventional  cabinet  moisture  frequently  con¬ 
ned  on  the  panels,  and  dripped  down  from  them.  In  the 
>inet  here  described  some  condensation  took  place  when  the 
d  panels  were  introduced  into  the  cabinet.  This  initially  con- 
lsed  water  remained  as  a  dew  on  the  panels,  since  evaporation 
ild  not  take  place  at  100%  relative  humidity,  but  there  was  no 
itinual  condensation,  nor  any  flow  of  water  over  the  surfaces 
he  test  panels. 

The  panels  used  in  the  test  were  prepared  as  follows:  Test 
iels  of  1  X  3  inches  of  S.A.E.  1025  sheet  steel  B.  &  S.  gage 
were  cleaned  by  washing  in  benzene  and  wiping  dry  with  a 
in  cloth.  Completely  new  and  uniform  surfaces  were  ex- 
:ed  on  the  test  panels  by  carefully  buffing  on  a  cloth  buffing 
eel  (6  inches  in  diameter  X  2  inches  thick)  coated  with  an 
asive,  such  as  No.  300  grit  Carborundum  composition,  similar 
“Brushing  Nu-Glu”,  as  supplied  by  the  J.  J.  Siefen  Co.,  De- 
lt,  Mich.  Care  was  taken  during  this  buffing  operation  to  re- 
ve  all  sharp  burrs  at  the  edges  of  the  test  panels.  The  test 
iels  were  again  wiped  with  a  clean  cloth  to  remove  any  traces 
polishing  grit  and  were  then  used.  Care  was  taken  not  to 
ch  the  prepared  test  panels  with  the  fingers. 

U1  determinations  were  made  in  triplicate,  and  the  figures 
wn  are  the  average  values.  The  variations  of  the  triplicate 
terminations  were  within  a  range  of  10%  for  the  new  cabinet 
1  28%  for  the  conventional  cabinet. 


The  fundamental  difference  between  the  cabinets  is  most 
clearly  apparent  from  the  two  last  items  in  the  tabulation.  If 
rust  preventive  “Ql”  in  its  experimental  stage  had  been  evalu¬ 
ated  on  the  basis  of  the  conventional  cabinet  alone,  it  would  have 
been  discarded  as  no  more  effective  than  the  sodium  sulfonate  or 
a  fatty  acid  solution,  and  only  half  as  effective  as  the  older  rust 
preventive  “Q2”. 

Thus  a  product  highly  meritorious  in  its  field  of  application 
would  have  been  discarded. 

However,  the  test  in  the  new  cabinet  showed  it  to  be  at  least 
7  to  10  times  more  efficient  than  the  petroleum  sulfonate  or  the 
fatty  acid,  and  at  least  3  times  more  efficient  than  Q2,  under 
conditions  resembling  ordinary  factory  storage,  where  a  frequent 
flow  of  water  over  the  surfaces  of  objects  stored  is  out  of  question. 

Corrosion  resistance  is  a  complex  phenomenon,  and  a  corro¬ 
sion  preventive  which  is  better  under  certain  test  conditions  is 
inferior  under  other  test  conditions,  and  vice  versa.  The  same 
is  true  of  actual  storage  under  practical  conditions. 

A  corrosion  preventive  which  is  most  potent  in  actual  use  where 
continuous  condensation  of  humidity  takes  place  may  be  far 
from  the  optimum  for  storage  in  even  extreme  humidities  with¬ 
out  actual  condensation;  and  a  corrosion  preventive  which  is 
best  for  the  corrosive  but  not  extremely  humid  atmosphere  in 
steel  plants  is  not  best  for  storage  under  tropical  conditions  which 
are  characterized  by  high  temperature  and  humidity  but  where 
corrosive  fumes  are  absent.  A  detailed  analysis  of  the  factors 
entailed  would  take  us  beyond  the  frame  of  the  present  subject; 
suffice  it  to  say  that  any  accelerated  corrosion  test  must  be 
adapted  to  the  natural  conditions  in  view.  The  cabinet  here  de¬ 
scribed  will  give  an  accurate  reproducible  measure  of  storage  re¬ 
sistance  under  indoor  conditions,  in  the  absence  of  continuous 
precipitation  or  of  corrosive  vapors.  The  influence  of  these  latter 
factors  should  be  measured  separately  where  they  play  a  part, 
and  should  not  be  introduced  where  they  do  not  enter  into  the 
applications  envisaged. 


Table  I.  Cabinet  Performance 

Time  Required  for  First  3 
Rust  Spots  to  Appear  on 
Surface  of  Iron  Panels 


Conventional 

New 

Material  Tested 

cabinet 

cabinet 

Hours 

Hours 

Blank 

10  min. 

25  min. 

Paraffinic  mineral  oil  S.A.E.  40 

4 

7 

10%  butyl  ricinoleate  in  Stoddard  solvent 

10%  methyl  oleate  in  Stoddard  solvent 

24 

60 

24 

80 

10%  wood  rosin  in  Stoddard  solvent 

20%  sodium  (petroleum)  sulfonate  in  Stoddard 

28 

65 

solvent 

120 

236 

10%  oleic  acid  in  40  viscosity  mineral  oil 

20%  commercial  rust  preventive  Ql  in  Stod- 

144 

328 

dard  solvent 

20%  commercial  rust  preventive  Q2  in  Stod- 

120 

No  corrosion  in 
2624  hourB 

dard  solvent 

240 

840 
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Apparatus  for  Surface  Area  Measurement 

K.  A.  KRIEGER 

Department  of  Chemistry  and  Chemical  Engineering,  University  of  Pennsylvania,  Philadelphia,  Pa. 


Constructional  details  and  method  of  use  of  a  compact,  rapid  appa¬ 
ratus  for  the  measurement  of  surface  areas  by  low-temperature  van 
der  Waals  adsorption  are  described. 

SINCE  the  work  of  Brunauer,  Emmett,  and  Teller  (1)  has 
established  the  use  of  van  der  Waals  adsorption  as  a  reliable 
method  for  surface  area  measurements,  it  is  perhaps  worth  while 
to  describe  a  simple  and  convenient  apparatus  which  has  been 
designed  especially  for  such  measurements. 


APPARATUS  AND  PROCEDURE 

The  apparatus,  as  shown  in  Figure  1,  consists  of  four  parts: 
the  adsorbent  vessel,  A;  the  gas  buret  with  four  bulbs,  Bu  B2, 
B a,  Bt;  the  mercury  leveling  flask,  D;  and  the  manometer  arm, 
E.  Its  operation  is  as  follows:  With  adsorbent  in  A  and  mer¬ 
cury  level  at  a,  the  adsorbent  is  degassed  through  Bit  B2  . 
and  E.  Then  stopcock  1  is  closed  and  the  adsorbate — nitrogen, 
for  example — is  admitted  by  the  same  route.  When  the  mercury 
level  is  raised  above  a  and  E  is  evacuated,  the  system  acts  as 
combined  gas  buret  and  manometer  and  the  amount  of  ad¬ 
sorbate  admitted 
can  be  calculated 
from  the  gas 
laws.  Adsorption 
occurs  when  A  is 
cooled  in  a  suit¬ 
able  bath — liquid 
nitrogen,  for  ex¬ 
ample — to  mark 
wii  and  stopcock 
1  opened.  By 
raising  or  lowering 
the  mercury  level 
to  the  five  en¬ 
graved  marks,  m , 
between  the  bulbs 
of  the  gas  buret, 
five  points  on  the 
adsorption  iso¬ 
therm  can  be  de¬ 
termined. 

The  volume 
from  stopcock  1 
to  A  must  be  de¬ 
termined  by  blank 
runs  with  A  both 
at  normal  tem¬ 
perature  and  im¬ 
mersed  in  the  re¬ 
frigerant. 

Figure  2  is  a  plot  of  the  equation  of  Brunauer,  Emmett,  and 
Teller  (I)  for  five  bauxite  samples  prepared  by  various  methods. 
Areas  of  the  samples  can  be  calculated  from  Xm  by  use  of  the  data 
given  by  Emmett  and  Brunauer  (2)  and  Livingston  (5). 

CONSTRUCTIONAL  DETAILS 

The  adsorbent  vessel  should  be  conical,  so  that  the  adsorbent 
can  be  spread  in  a  thin  layer  on  the  bottom,  since  deep  layers  of 
active  adsorbents  must  be  degassed  very  cautiously  to  avoid 
their  being  blown  out  of  the  vessel  by  the  evolved  gases.  The 
use  of  a  ground  joint  to  connect  A  to  the  measuring  system  is 
very  convenient,  especially  if  a  series  of  samples  of  known  or 
constant  density  is  being  studied,  for  then  only  one  “dead-space” 
determination  need  be  made  for  the  series. 

The  bulbs  of  the  gas  buret  are  flattened  on  one  side -to  bring 
the  engraved  marks,  m,  between  them  close  to  the  scale.  This 
is  especially  important  when  the  apparatus  is  intended  for  pre¬ 
cision  work,  since  it  is  then  advisable  to  thermostat  the  apparatus 
and  read  the  scale  with  a  telescope.  These  bulbs  should  be 


constructed  of  heavy  glass  to  avoid  changes  of  volume  due  tc 
varying  internal  pressure.  The  tubing  connecting  the  bulb: 
and  bearing  the  engraved  marks  should  be  of  the  same  interna 
diameter  as  that  used  for  manometer  arm  E — i.e.,  7  to  8  mm 
inside.  Since  the  equation  used  for  calculation  of  Xm  is  s 
straight  line,  only  two  points  on  the  isotherm  are  required  tc 
determine  it  and  therefore  only  one  bulb  is  actually  necessary 
At  least  two  are  advisable,  however,  since  the  extra  point  thu 
obtained  provides  a  check  on  the  accuracy  of  the  measurement' 
and  calculations.  In  the  author’s  experience,  four  bulbs  havt 
sometimes  proved  useful. 

The  dimensions  shown  in  Figure  1  are  those  found  convenienl 
for  measuring  surface  areas  of  the  order  of  100  square  meters 
using  nitrogen  as  the  adsorbate  and  liquid  nitrogen  as  the  re¬ 
frigerant,  and  the  weight  of  adsorbent  taken  is  adjusted  to  giv< 
approximately  that  area.  Under  these  conditions  a  reproduce 
bility  of  the  order  of  1  or  2%  is  to  be  expected. 

If  a  different  adsorbate  or  refrigerant  is  used,  attention  must 
be  paid  to  the  distance  betwreen  the  mark  at  the  top  of  Bx  anc 
the  top  of  scale  C.  This  distance  must  not  be  less  than  about 
three  tenths  of  the  saturation  pressure  for  the  combinatior 
chosen,  and  if  possible  should  be  somewhat  more  than  the 
saturation  pressure.  For  this  reason  the  bulbs  should  be  set  a- 
close  together  as  practicable. 

A  McLeod  or  other  low-pressure  gage  should  be  provided  ir 
the  vacuum  line  in  order  to  check  completeness  of  evacuation 
Normally'  it  need  not  be  calibrated,  since  it  is  used  only  to  prove 
the  attainment^  a  good  vacuum. 

MODIFICATIONS 

Obviously  this  apparatus  can  be  used  for  measuring  ordinary 
adsorption  where  the  pressures  are  in  the  centimeter  range  anc 
an  accuracy  in  pressure  measurement  not  exceeding  about  0.1 
mm.  is  required.  It  is  easily  adapted  for  use  with  gases  soluble 


Figure  2.  Plot  of  Equation  of  Brunauer,  Emmett,  and  Teller  for 
Five  Bauxite  Samples 

X,n.  Millimoles  of  nitrogen  per  gram  of  adsorbent 
For  curves  C  and  E  read  10  times  the  stated  ordinate 


(r  =ir^=  vacuum 

n 


qas 
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it  or  reactive  with  stopcock  lubricants,  since  stopcock  1  alone 
vuld  have  to  be  replaced  by  another  closure  (3).  The  use  of  a 
Irtz  cut-off,  for  example,  would  eliminate  both  stopcock  1  and 
l;  ground-glass  joint  below  it. 
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Improved  Distilling  Flask 


'HE  tendency  of  many  substances  to  solidify  on  condensa¬ 
tion,  thus  blocking  narrow  and  inaccessible  parts  of  a  dis¬ 
ing  apparatus,  often  leads  to  interruption  of  the  distillation, 
overcome  this  difficulty  Anschutz  ( 1 )  designed  an  all-glass  dis¬ 
ing  unit  in  which  the  receiver,  acting  also  as  condenser,  was 
Jed  on  to  the  flask.  This  construction  allowed  the  removal 
obstructing  material  by  heat  applied  externally.  The  scimitar- 
,ped  receiver,  however,  which  gives  the  name  of  sword  flask  to 
s  type  of  distilling  flask,  was  unsuitable  for  the  collection  of 
ger  amounts  of  distillate.  There  was  also  a  risk  of  contamina- 
n  by  accidental  contact  with  the  rubber  stopper  at  the  end  of 
>  receiver,  and  complications  were  encountered  when  in  vacuum 
tillations  the  simultaneous  use  of  thermometer  and  capillary 
s  required. 


Table  I.  Dimensions  of  Flask 


ERICH  BAER,  Department  of  Chemistry, 

Banting  Institute,  Toronto,  Canada 

A  few  simple  changes  in  the  form  of  the  An¬ 
schutz  flaslc  led  to  an  improved  distilling  flask 
(Figure  1)  of  general  applicability  which  has 
rendered  valuable  service  over  a  number  of  years 
in  distilling  substances  of  low  or  high  boiling 
point  at  either  normal  or  reduced  pressure.  Two 
of  the  inconveniences  encountered  when  using 
the  Anschutz  flask  were  overcome  by  giving  the 
receiver  a  straight  cylindrical  shape  of  greater 
diameter  and  an  outlet  tube.  These  alterations, 
without  unduly  enlarging  the  receiver,  consider¬ 
ably  increase  its  capacity  and  prevent  accidental 
contamination  of  the  distillate  by  rubber.  To 
accommodate  separately  a  thermometer  and  a 
capillary  a  short  side  arm  opposite  the  receiver 
and  at  the  same  height  has  been  added.  The 
thermometer  and  the 
capillar}'  tube  are  held 
in  place  by  rubber  stop¬ 
pers.  If  rubber  must  be 
avoided,  the  distilling 
flask  shown  in  Figure  2 
can  be  used  with  advan¬ 
tage,  as  it  is  especially 
designed  for  the  distilla- 
tion  of  corrosive 
substances.  Both  flasks, 
sturdy  by  virtue  of  de¬ 
sign,  are  speedily  as¬ 
sembled  or  dismantled 
_  and  easily  cleaned 


Figure  2 
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The  approximate  measurements  for 
the  different  sizes  of  the  distilling  flask  (Figure  1)  com¬ 
monly  used  in  this  laboratory  are  listed  in  Table  I. 

Ace  Glass,  Inc.,  Vineland,  N.  J.,  will  stock  this  im¬ 
proved  sword  flask  after  the  war,  and  at  present  is  willing 
to  fill  any  specific  order  for  this  item. 
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Deficiencies  existing  in  various  forms  of  Gutzeit  procedure  are  ex¬ 
amined  in  relation  to  the  problem  of  developing  a  type  of  end 
reaction  suited  to  quantitative  determination  of  arsenic  in  the  mi¬ 
nute  order  of  0.04  to  1  microgram.  To  cover  this  range,  a  vacuum- 
accelerated  Gutzeit  reduction  system  for  mercuric  bromide  spot  filtra¬ 
tion  has  been  designed  which  prevents  sources  of  error  and  shortens 
time  of  operation.  This  is  supplemented  with  photoelectrically 
standardized  photographic  reference  scales,  adapted  to  either  visual 
or  photometric  evaluation  of  the  spot  reactions,  an  improvement 
in  Gutzeit  technique  which  contributes  precision  and  uniformity 
to  end  determinations  and  abolishes  the  time  and  labor  required 
for  frequent  preparation  of  fresh  standards.  Immediate  fractional 
treatment,  by  distillation  and  oxygen-bomb  combustion  of  residues, 
os  recommended  as  the  method  of  choice  in  preparing  fresh  biologi¬ 
cal  material  for  Gutzeit  reduction,  to  prevent  possible  preliminary 
losses,  and  to  separate  “volatile"  from  “fixed"  arsenic  when 
analyzing  such  material. 

THE  reported  progress  in  agricultural  and  food  chemistry 
during  recent  years  indicates  that  no  method  for  determina¬ 
tion  of  arsenic  in  organic  material  has  yet  proved  satisfactory 
tor  routine  application  to  the  ultramicro  range — for  quantities 
ranging  from  0.04  to  1  microgram  of  the  elementary  substance. 

In  the  much  higher  range  of  10  to  30  micrograms,  the  official 
method  as  prescribed  ( 1 )  by  the  A.O.A.C.  is  undoubtedly 
adequate  for  the  main  purpose  intended — the  testing  of  fruit 
skins  for  spray  residues — where  the  optimum  range  is  stated 
to  be  from  20  to  25  micrograms  of  arsenic  trioxide.  But,  even 
m  this  bracket,  where  the  inherent  error  is  estimated  ( 6 )  as 
between  5  and  10%,  stress  is  laid  on  the  need  for  strict  uniformity 
of  operation  throughout  the  entire  procedure  in  order  properly 
to  evaluate  the  lengths  of  the  paper-strip  reactions  as  finally 
measured  against  a  standard  graph.  This  precaution  denotes 
the  %nain  technical  deficiency,  which  is  common  to  all  Gutzeit 
methods  that  yield  an  attenuated  pattern  of  end-reaction  as 
produced  by  flow  of  the  reagent  gas  over  narrow  and  elongated 
surfaces  of  the  sensitized  medium. 

The  task  of  extending  application  of  the  Gutzeit  reaction  to  a 
more  minute  working  order,  while  pursuing  a  “strip”  or  “string” 
technique,  has  embraced  many  perplexing  difficulties,  due  to 
uncertainties  in  obtaining  uniform  sensitization  of  the  paper, 
as  noted  by  Cassil  ( 6 ),  and  to  other  variable  factors  as  discussed 
by  Wichmann  {25-27),  and  as  instanced  in  a  study  of  this  prob¬ 
lem  by  How  {13)  and  reviewed  by  Wichmann  {26).  The  pros¬ 
pect  has  consequently  been  suggested  that  less  delicate  end  re¬ 
actions  for  arsenic,  such  as  the  cerulean-molybdate  colorimetric 
methods  of  Klein  and  Vorhes  {16)  or  of  Hubbard  {14),  or  even 
the  iodine  titrimetric  methods  (7,  8),  might  more  easily  be 
adapted  to  ultramicro  extension  than  the  Gutzeit  method. 

Investigation  of  fresh  and  unstable  organic  material  in  the 
field  of  clinical  pathology,  immunology,  and  physiological 
chemistry  has  demanded  the  use  of  an  ultramicromethod  for 
quantitative  determination  of  arsenic  in  the  very  minute  order 
of  0.04  to  1  microgram.  This  limitation  is  due  to  the  small 
size  of  test  samples  of  biological  material  which  it  is  necessary  or 
desirable  to  examine  in  this  field:  blood,  glandular  secretions, 


cerebrospinal  fluid,  1  to  2  ml. ;  urine,  liquid  culture  media,  el 
5  to  10  ml.;  expired  air,  5  to  10  liters;  animal  danders,  bactei 
allergens,  etc.,  15  to  25  mg.;  vegetable  pollens,  25  to  50  m 
house  dusts  and  tobacco,  25  to  200  mg. ;  fresh  biopsy  and  necrop 
tissues,  100  to  500  mg. 

Accuracy  in  analyzing  such  small  samples  of  organic  mater 
for  contained  arsenic  requires: 

1.  Avoidance  of  errors  due  to  unsuspected  changes  of  arsei 
content  during  preparatory  processes,  whether  such  process 
involve  the  laborious  procedures  of  wet-oxidation  or  the  me 
rapid  procedure  of  dehydration  followed  by  flame  combusti 
in  oxygen. 

2.  A  method  of  isolation  and  final  determination  which  v 
minimize  reagent  impurities  and  be  capable  of  showing  cleai 
the  presence  of  0.01  microgram  of  elementary  arsenic,  wh 
regularly  giving  blank  determinations  below  0.04  microgra: 
and  provided  with  a  system  of  evaluation  having  a  margin 
error  not  exceeding  ±3%,  or  visually  perceptible  different 
values  of  0.05  microgram  in  the  optimum  range  up  to  0.50  mici 
gram,  and  with  opportunity  for  further  refinement  by  phot 
electric  photometry. 

Unless  error  be  avoided  under  the  first  category,  it  will 
useless  to  achieve  the  precision  -contemplated  under  requii 
ments  of  the  second.  The  present  paper,  being  mainly  co 
cerned  with  a  new  method  and  apparatus  for  attaining  objectiv 
of  the  second  category,  does  not  dwell  upon  preparatory  step 
except  to  express  confidence  in  the  merits  of  performing 
primary  distillation  or  evaporation  in  a  closed  system  as  again 
the  immediate  processing  of  biological  material  by  open  metho- 
of  wet-oxidation.  The  grounds  for  this  preference  were  report! 
some  years  ago  in  collaboration  with  Carey  {4),  and  the  opinic 
then  expressed  has  been  confirmed  by  later  observations.  Fin¬ 
ings,  accumulated  while  dealing  with  the  problem  of  fre: 
mammalian  blood  and  other  thermolabile  substances  of  organ 
origin,  point  to  the  existence,  in  variable;  proportions  and  : 
characteristically  minute  concentrations,  of  two  forms  of  a 
senic  in  association  with  such  material:  (1)  a  loosely  bour 
component  which  is,  or  becomes,  volatile  under  such  natur 
influences  as  pulmonary  and/or  cellular  respiration  and  by  e: 
posure  to  atmospheric  evaporation,  and  which  may  be  artii 
cially  separated  from  such  material  by  drying  or  distillation  ; 
56°  C.  in  a  current  of  molecular  oxygen;  and  (2)  a  relative] 
fixed  or  thermostable  component  which  is  not  removed  fro: 
the  material  by  heating  at  56°  to  80°  C.  under  the  same  condition 

Since  these  observations  derive  largely  from  investigations  < 
clinical  material,  they  will  be  reported  in  detail  elsewhere  an 
are  here  briefly  summarized  only  to  serve  as  a  premise  for  poin 
ing  out  that  the  ultramicrodetermination  of  arsenic  which 
found  in  association  with  biological  substances  may  be  of  phys 
ological  interest  and  not  necessarily  confined  to  toxicology. 

The  authors’  interest  has  been  mainly  concentrated  on  arseni 
transformations  in  organic  material  under  natural  conditions,  £ 
through  oxidation-reduction  phenomena  in  physiological  sy 
terns  or  through  simple  exposure  to  atmospheric  oxidation,  an 
not  on  the  artificial  effects  of  destructive  analysis  by  means  ( 
powerful  oxidizing  agents. 

The  mechanism  of  dissociation  of  minute  amounts  of  arseni 
by  evaporation  at  56°  to  60°  C.  and  its  recovery  from  fres 
biological  material  by  acid  extraction  of  the  vapors  is  not  cleai 
since  the  composition  of  the  volatile  product  has  not  yet  bee: 
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etermined.  It  is  presumed  to  be  derived  by  the  splitting  off  of  a 
Jbile  arsenic  group  from  an  arsenoprotein,  but  whether  this  is  an 
isonium  group,-  an  alkyl  arsine,  or  simply  arsenic  trihydride  is 
it  known.  The  arsenic  content  of  the  volatile  fraction  in  pro- 
jprtion  to  that  of  the  dried  residue  of  human  blood,  is  very 
triable,  and  seems  to  depend  on  age  and  activity  of  the  or- 
mism,  or  more  specifically  on  body  metabolism.  For  example; 
212  analyses  of  human  blood  taken  from  51  adult  individuals, 
te  average  “total  arsenic”  found  was  59.14  micrograms  per  100 
•i  ranging  from  10  to  190  micrograms,  with  the  proportion  of 
/olatile  arsenic”,  as  defined  above,  averaging  40.57%  and  vary- 
g  from  0  to  100%.  These  variations  were,  of  course,  greater 
r  the  entire  series  than  for  any  individual  of  the  group,  which 
as  composed  of  33  ambulant  patients,  suspected  or  definitely 
agnosed  as  “chronic  arsenical  poisoning”  or  “arsenic  reten- 
on”,  13  cases  “for  diagnosis”,  2  cases  of  “hyperallergic  state”, 
id  only  3  “normal”  healthy  individuals.  Of  these  latter,  2  had 
i  average  “total  arsenic”  in  their  blood  of  25.5  micrograms  per 
)0  cc.  with  85%  “volatile”,  and  the  third  normal  individual  (in 
e  28th  week  of  pregnancy)  showed  a  total  blood-arsenic  of  180 
icrograms  per  100  cc.,  which  corresponded  to  the  physiological 
crease  during  gestation,  as  shown  by  Guthmann  and  Grass 
2).  In  this  last  case  the  interesting  features  were  that  the 
/olatile  arsenic”  fraction  was  100%,  and  the  expired-air  test, 
:rformed  at  the  same  time,  showed  50  micrograms  of  arsenic 
*r  100  liters  as  collected  directly  through  the  vacuum  extraction 
ain,  and  was  the  highest  test  on  exhaled  air  which  has  .been 
;|corded  in  the  authors’  series. 

There  can  be  no  doubt  that  the  sensitiveness  of  the  Gutzeit 
isine-mercuric  bromide  end  reaction  is,  per  se,  sufficient  to  meet 
e  exacting  requirements  indicated  above.  There  are,  however, 
rtain  faults  in  the  accepted  Gutzeit  techniques  as  affecting 
tramicrodeterminations  which  demand  correction  in  order  to 
tend  its  usefulness  to  that  range. 

Paper-Strip  Method.  After  several  years’  experience  with 
lutzeit  reactions  produced  by  the  paper-strip  method  it  became 
ident  to  the  authors  that  the  inaccuracies  and  disadvantages  of 
;\is  system  of  end  reaction,  as  compared  with  the  paper-disk 
■  ethod,  are  attributable  to:  (1)  difficulties  in  appraisement  of 
fains  representing  less  than  2  micrograms,  because  of  unequal 
l  stribution  on  opposite  sides  of  the  strip  and  inconspicuous  in- 
•nsification  along  the  free  edge  of  the  paper  and  (2)  instability 
(  reactions  on  the  “standard”  test  strips  used  as  criteria  for 
lantitative  evaluation.  Rapid  fading,  which  may  escape  atten- 
+>n  in  the  higher  ranges,  is  very  noticeable  in  the  low  values 
id  renders  such  strips  unreliable  as  scales  of  reference  within  a 
qw  hours.  Here  follows  a  disadvantage  common  to  both  strip 
■id  disk  systems — the  labor  and  time  involved  in  frequent  produc- 
pn  of  fresh  standards  for  comparison. 

Disk  Methods.  Faults  which  are  particularly  attributable 
the  various  Gutzeit  disk  or  diaphragm  methods  proceed  mainly 
im  the  heating  process  at  the  hydrogen  generator,  a  necessary 
,ature  with  all  positive-pressure  systems  of  disk  filtration  in 
der  to  obtain  a  prompt  and  clear-cut  reaction  upon  the  sensi- 
ied  medium.  This  applies  not  only  to  the  smaller  (5-mm. 
'ameter )  areas  and  to  the  standard  6. 5-mm.  disk  which  is  pre- 
:ribed  by  the  British  Pharmacopoeia  ( 3 )  but  to  methods  (17) 
■iploying  filtration  areas  as  large  as  20  mm.  in  diameter.  Boil- 
:g  or  lesser  heating  of  the  zinc-acid  mixture  is  undesirable  since 
not  only  causes  irregular  action  with  fluctuating  pressures  with- 
i  the  confines  of  a  small  generating  vessel  having  a  resistant 

Etlet,  but  produces  an  uneven  flow  of  gas  and  a  tendency  to 
cessive  heat  at  the  absorption  level.  This  has  in  some  instances 
)  been  lessened  by  use  of  a  manometer  side  arm  attached  to 
e  generator  which  provides  some  cushioning  effect  on  pressure 
dilations.  In  other  forms  of  apparatus  (17)  irregularities  are 
isened  while  the  total  pressure  within  the  system  is  raised,  by 
rcing  hydrogen  or  nitrogen  gas  into  the  generator  from  outside 
e  system. 

Some  analysts  (11)  place  a  heating  limitation  of  from  40°  to 
1  C.  in  the  reducing  vessel  and  aim  to  promote  a  rapid  evolu- 
>n  of  hydrogen  gas  by  means  of  catalytic  “impurities”  in  the 
ic  reagent;  either  accidental  ingredients,  or  purposely 
loyed  with  the  zinc,  as  for  example,  0.3  %  of  copper  (24).  Other 
ttalysts  (10,  20)  insist  on  a  relatively  slow  rate  of  gas  evolution 
id  rely  mainly  on  a  stannous  chloride  activation  of  the  zinc 
r  augmenting  activity  of  the  hydrogen  gas  so  produced. 

Gutzeit  disk  systems  under  varying  degrees  of  positive  pressure, 
i  commonly  practiced,  thus  appear  to  present  a  dilemma,  in  that 
require  heat  to  accelerate  gas  formation  and  to  maintain 
I  fncient  pressure  to  force  a  current  of  gas  through  the  filter 
ledium  against  the  internal  resistance  of  the  system  plus  at¬ 


mospheric  pressure  beyond  the  filter  disk;  while,  on  the  other 
hand,  this  same  internal  pressure  factor  works  against  the  evolu¬ 
tion  of  gas  at  the  source  and  raises  the  boiling  point  in  the 
generator.  Irregular  gas  production  thus  becomes  inevitable 
and  results  in  an  intermittent  or  irregular  delivery  of  gas  at  the 
reaction  level  of  the  filter  disk,  while  excessive  heat  in  the  genera¬ 
tor  carries  water  vapor  to  all  levels.  These  conditions  tend  to 
wash  away  some  of  the  water-soluble  arsenic-mercury  halide 
stain  after  its  deposition  on  the  filter-disk,  causing  a  marginate 
diffusion  of  the  reaction  or  uneven  staining.  Such  effects  are 
lessened,  however,  by  cooling  devices  placed  at  or  just  below 
the  absorption  level. 

Finally,  there  exists  in  all  Gutzeit  systems  which  operate  under 
positive  pressure  the  possibility  of  leaky  joints  permitting  small 
losses  of  arsenic  trihydride  to  the  atmosphere.  Alleged  (15) 
partial  losses  of  arsenic  hydride  at  the  absorption  level  by  passage 
through  the  sensitized  filter  disk,  with  failure  to  react  on  the 
mercuric  halide,  probably  do  not  occur  in  ranges  of  concentration 
below  10  micrograms,  even  under  boiling  conditions,  as  was  showD 
long  ago  by  Bird  (2)  and  later  by  Cribb  (10). 

While  most  of  these  objectionable  features  have  been  stressed 
by  early  workers  (23),  recognized  by  later  critics  (19,  20)  of 
Gutzeit  technique,  and  to  some  extent  corrected  as  affecting  the 
semimicro  range  of  determination,  the  authors  have  found  them 
seriously  detrimental  in  the  micro  range  and  a  complete  obstacle 
to  successful  practice  in  the  ultramicro  range. 

After  experimenting  for  more  than  a  year  with  various  forms 
of  electrolytic  cells  in  seeking  to  produce  atomic  hydrogen  under 
instrumental  control,  the  complicating  factors  so  introduced, 
especially  the  unpredictable  influence  of  overvoltage  upon  the 
more  sensitive  (mercury)  types  of  electrodes,  led  the  authors  to 
abandon  hope  of  finding  a  completely  reliable  electrolytic  method 
and  to  concentrate  upon  a  vacuum  system  as  the  best  means  for 
correcting  the  faults  of  the  zinc-acid  generator.  They  then  dis¬ 
covered  that  a  system  of  spot-filtration  securely  closed  against 
leakage  could  be  ensured  under  a  low  vacuum,  and  that,  when 
operated  at  from  0.25  to  0.5  atmospheric  pressure,  this  system 
would  yield  more  uniform  and  prompt  end  reactions  with  better 
control  of  heat  and  moisture  at  the  absorption  level  than  could 
otherwise  be  produced  upon  a  Gutzeit-sensitized  medium.  By 
this  means,  under  instrumental  control,  they  furthermore  found 
that  the  development  of  active  hydrogen  in  the  usual  zinc-acid 
mixture  is  markedly  increased  and  that  the  whole  reduction  proc¬ 
ess  proceeds  evenly  to  a  conclusion  within  15  minutes.  Gas- 
current  impedance  in  the  scrubber,  and  at  the  filter  disk,  is  over¬ 
come  by  this  device  and  the  end  reaction  is  rendered  in  sharp 
demarcation  upon  a  precisely  measured  circular  area  of  the  sensi¬ 
tized  paper.  For  ultramicrodeterminations,  the  reactive  area 
may  be  reduced  as  low  as  3.17  mm.  (0.125  inch)  in  diameter,  or 
it  may  be  suited  to  any  preferred  range  of  operation  by  ad¬ 
justing  the  caliber  of  the  filtration  jet  to  6.35  mm.  (0.25  inch)  or 
larger,  with  corresponding  adjustment  of  the  vacuum. 

Realization  of  these  characteristics  finally  provided  an  oppor¬ 
tunity  for  ^applying  photographic  and  photometric  methods  to 
quantitative  evaluation  of  the  Gutzeit  end  reaction,  a  project 
found  impracticable  with  either  strip  or  thread  reactions.  The 
use  of  photographic  step  scales  for  permanent  standards  of  ref¬ 
erence,  as  here  reported,  has  now  been  practiced  in  this  labora¬ 
tory  for  more  than  two  years;  it  is  so  far  beyond  the  experi¬ 
mental  stage  that  the  authors  do  not  hesitate  to  recommend  it 
as  an  important  time-  and  labor-saving  device  which  also  im¬ 
plements  precision  in  the  procedure  here  described.  These 
artificial  standards  of  reference  consist  of  an  accurately  graded 
series  of  silver  deposits  photographically  printed  on  bromide 
paper  from  a  master  negative.  The  fineness  of  gradation  may 
be  varied  to  suit  special  requirements  (or  limited  ranges),  as  is 
shown  in  Figure  4. 

REAGENTS 

Sulfuric  Acid,  c.p.,  special  arsenic-free  (supplied  by  the 
J.  T.  Baker  Chemical  Co.),  obtained  in  500  ml.  Pyrex  bottles, 
usually  rated  on  label  as  having  less  than  “0.000000%  As”. 
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Tolerance:  10  cc.  in  90  cc.  of  double-distilled  water  with  5  ec. 
of  potassium  iodide  solution,  7  grams  of  zinc  and  0.5  cc.  of  stannous 
chloride  solution  in  reduction  system  under  vacuum  of  0.33  at¬ 
mosphere  (250  mm.  of  mercury)  for  30  minutes  and  with  inter¬ 
vention  of  lead  acetate  solution  in  absorption  tube  for  removal  of 
hydrogen  sulfide,  should  show  less  than  0.02  microgram  of  arsenic, 
or  0.0000002%  of  arsenic  in  a  10-cc.  sample  of  acid. 

Hydrochloric  Acid,  c.p.  special  arsenic-free  (J.  T.  Baker 
Chemical  Co.),  obtained  in  500-ml  Pyrex  container  as  above,  and 
usually  rated  as  not  more  than  “0.0000001%  As”.  Tolerance: 
10  cc.  in  90  cc.  of  double-distilled  water  with  5  cc.  of  potassium 
iodide,  7  grams  of  zinc  and  1  cc.  of  stannous  chloride  under 
vacuum  in  Gutzeit  apparatus,  as  above,  should  vield  a  similar 
blank. 

Zinc  Metal,  c.p.  special,  mossy,  for  microdetermination  of 
arsenic  (J.  T.  Baker  Chemical  Co.).  The  mossy  variety  of  zinc  is 
preferred  because  it  seems  to  be  more  consistently  free  from  arsenic 
than  the  “granular  20-mesh”  variety,  although  both  are  claimed 
by  the  manufacturers  to  contain  less  than  “0.000001%  As”. 
Tolerance:  7  grams,  after  preliminary  treatment  as  below  for  5 
minutes  to  remove  any  possible  surface  contamination  from  at¬ 
mospheric  adsorption,  should  be  submitted  to  same  tolerance  test 
as  hydrochloric  acid  above  and  should  show  less  than  0.02 
microgram  of  arsenic.  Approximately  7  grams  should  be  used 
in  each  arsenic  determination  having  100  cc.  of  acid  solution  in 
the  reduction  flask.  Such  portions,  before  use  for  arsenic  deter¬ 
mination,  should  always  be  freshly  cleansed,  activated  with  50 
cc.  of  hydrochloric  acid  diluted  1  to  3  with  double-distilled  water 
and  with  admixture  of  2  cc.  of  stannous  chloride  for  5  minutes 
under  vacuum,  and  then  washed  in  double-distilled  hot  water. 
Just  before  use  in  a  determination  the  zinc  should  again  be  washed 
in  double-distilled  water. 


Figure  1.  Diagram  of  Apparatus 

1.  Pyrex  flask,  SOO-ml.  capacity 

2.  Absorption  tube,  machined  from  methyl  methacrylate  resin 

Pyrex  wool 

2 B.  Pyrex,  granular,  10-  to  20-mesh,  saturated  with  Pb(C2H  j02)2.- 
3H2O  solution 

3.  Pyrex  delivery  tube  with  ground-glass  14/20  and  12/30  joints 

4.  Filter  clamp  assembly  (methyl  methacrylate  resin) 

AA.  Upper  member 

AB.  Lower  member  with  6.35-mm.  jet 
AB' .  Lower  member  with  3.17-mm.  jet 

AC.  AC'.  Compression  washers 

AB.  Metal  seat,  central  opening  precision-reamed  to  6.35  mm. 
and  gold-plated 

AD'.  Same  as  AD,  3.1 7-mm.  opening 

5.  Connecting  tube  for  vacuum  line  (methyl  methacrylate  resin) 
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Double-Distilled  Water.  This  should  give  blank  test 
above  with  the  other  reagents. 

Potassium  Iodide,  c.p.,  15  grams  dissolved  in  100  cc. 
double-distilled  water.  This  solution  in  5  cc.  amounts  shot 
give  a  blank  test  as  above  with  the  other  reagents. 

Stannous  Chloride,  dihydrate,  arsenic-free.  A  40%  so 
tion  of  this  in  hydrochloric  acid  is  required.  Tolerance:  1 
in  10  cc.  of  hydrochloric  acid  and  other  reagents  and  conditic 
as  stated  under  hydrochloric  acid  should  yield  blank  test  in  t 
same  order. 

Lead  Acetate  Solution,  10  grams  of  lead  acetate  trihydr: 
in  90  cc.  of  double-distilled  water,  made  acid  to  litmus  w 
acetic  acid  and  then  made  up  to  100-ce.  volume.  One  to  3 
of  this  solution  poured  upon  15  grams  of  granular  Pyrex 
absorption  tube  (see  apparatus),  with  reaction  conditions 
described  under  other  reagents,  will  involve  some  seepage  ii 
the  reduction  flask.  It  should  yield  a  blank  reaction  in  the  sal 
order. 

Pyrex,  Granular,  obtained  from  the  manufacturer  in  fr; 
ments  between  10-  and  20-mesh.  This  should  be  sifted  to  s 
and  then  thoroughly  cleaned  with  nitric  acid,  rinsed  with  sodii 
hydroxide  solution,  and  washed  with  hot  distilled  water,  th 
dried  in  an  electric  oven  before  use.  Under  conditions  of 
peated  use  it  is  best  left  in  the  apparatus,  a  15-gram  porti 
being  placed  in  the  hydrogen  sulfide-absorption  chamber  (2,  F 
ure  1)  and  cleaned  after  each  run  (or  when  blackened  by  depo 
of  sulfur)  by  saturating  with  10%  nitric  acid,  neutralizing,  a 
washing. 

Pyrex,  Fiber,  known  commercially  as  Xo.  719.  A  sm 
pledget,  previously  impregnated  with  lead  acetate  solution  a 
allowed  to  dry,  is  placed  in  the  absorption  tube  on  top  of  t 
Pyrex  granular  preparation. 

Mercuric  Bromide,  c.p.  A  5%  solution  in  95%  ethyl  alc-ol 
is  used  for  sensitization  of  the  filtration  disks  as  described  below. 

Whatman  Xo.  40  Ashless  Filter  Paper,  made  by  Balst 
&  Co.,  Ltd.,  black  label,  cut  into  disks  with  a  1.4-cm.  (9/16-inc 
punch  and  sensitized  as  directed  below. 

Ammonia  Solution,  10%,  made  by  adding  10  cc.  of  conc< 
trated  ammonium  hydroxide  (d.  0.880)  to  20  cc.  of  95%  etl 
alcohol,  in  a  dropping  bottle. 

Standard  Volumetric  Solution  of  Arsenic.  This 
made  by  dissolving  1.3204  grams  of  c.p.  arsenic  trioxide  in 
ml.  of  a  20%  arsenic-free  sodium  hydroxide  solution,  saturati 
this  with  carbon  dioxide,  and  diluting  with  double-distilled  a 
recently  boiled  water  to  exactly  1000  cc.  in  a  volumetric  flask 
the  standard  temperature.  From  this  stock  solution,  which  cc 
tains  1  mg.  of  elementary  arsenic  (atomic  weight  74.91)  per  < 
at  the  standard  temperature,  further  dil  utions  are  made  with  t 
precaution  of  sodium  sulfite  reduction  just  before  use,  as  r< 
ommended  by  How  (IS).  Dilutions  to  a  final  titer  of  0.1  mici 
gram  of  arsenic  per  cc.  are  made  for  use  in  the  ultramicroca 
bration  of  the  standard  step  scales;  these  dilutions  must 
conducted  with  the  utmost  precision. 

Sensitization  of  Filter  Disks.  A  supply  of  the  filter  disl 
enough  for  a  week  or  10-day  period,  is  placed  in  a  wic 
mouthed  bottle  with  tubulated  stopper,  or  in  a  micro  filter! 
flask,  and  this  is  half-filled  with  the  mercuric  bromide  solutic 
The  disks  are  thoroughly  impregnated  with  the  solution  and  ; 
air  is  removed  from  the  pores  of  the  paper  by  exhaustion  undei 
vacuum  of  75  to  100  mm.  of  mercury  for  2  hours  according  to  t 
method  of  Cassil  (5).  The  mercuric  bromide  solution,  unle 
recently  made,  should  be  filtered  through  a  folded  filter  as  pra 
ticed  by  Rosenfels  {22)  before  being  used ;  it  should  be  discard' 
entirely  when  2  months  old.  The  sensitized  disks,  in  an  ambc 
colored  bottle,  holding  the  solution,  may  be  safely  kept  for 
week  or  10  days  if  protected  from  bright  light.  Just  before  u 
they  are  removed  from  the  bottle,  dried  in  the  air  on  filter  papc 
and  used  very  promptly;  at  this  stage  they  should  again  be  pr 
tected  from  bright  light  and  never  returned  to  the  bottle,  b 
discarded  if  not  used.  Optimal  sensitiveness  and  the  prop 
degree  of  porosity  depend  on  careful  technique  in  all  these  detai 

For  testing  the  sensitized  disks  for  undue  porosity  und 
vacuum-filtration  or  permeability  to  excessive  amounts  (2  to 
micrograms)  of  arsenic  in  the  test  solution,  the  authors  ha1 2 3 4 5 
superimposed  a  secondary  or  telltale  disk  above  the  prima; 
disk,  but  never  have  observed  any  sign  of  arsenic  trihydrii 
leakage  or  telltale  staining. 

APPARATUS 

The  apparatus  is  diagrammatically  shown  in  Figure  1.  I 
laboratory  set  up  for  operation  in  duplicate  units  is  illustrate 
in  Figure  2. 

The  hydrogen  generator  is  a  200-ml.  Erlenmeyer  Pyrex  tta- 
with  a  24/40"$' ground  joint  for  connection  with  the  hydrogen  si 


lie,  1944 


ANALYTICAL  EDITION 


403 


6;  scrubber,  2.  This  part  is  taper-turned  from  methyl  metha- 

•  late  resin,  2.5-cm.  (1-inch)  rod  stock,  with  a  24/40 IT  lower 
j.remity  and  relief  groove  to  fit  the  flask  (1,  Figure  1),  and  its 
dtom  is  drilled  symmetrically  with  19  holes  of  1.2-mm.  diam- 
>  r.  Its  cavity  has  an  inside  bore  of  16  mm.  in  its  lower 
[  lindrical)  portion  and  is  tapered  19/22  If  in  its  upper  portion  to 
■hive  a  stopper  which  is  taper-turned  out  of  the  same  material 

19/17T  on  the  outside.  This  stopper  is  drilled  and  taper-bored 
4  4/28 T  to  receive  the  tube  and  stopper  assembly.  This  forms  a 

•  mber  to  contain  a  15-gram  portion  of  granular  Pyrex,  10/20- 
ish,  215,  which  is  saturated  with  lead  acetate  solution  and  sur- 
runted  by  a  pledget  of  Pyrex  wool,  2/1 ,  impregnated  with  the 
ihe  reagent,  dried. 


Figure  2.  Apparatus 


'he  Pyrex  delivery  tube,  3,  has  an  upper  12/30 "f  ground  joint 
i  a  lower  14/20 1"  ground  joint  to  fit  parts  4 B  and  the  stopper  of 
,  sspectively .  Its  internal  diameter  is  approximately  8.5  mm. 
the  lower  end  and  6.5  mm.  at  the  upper  end;  its  length  is  11 

I 

he  filter  clamp  assembly  consists  of  2  members:  the  lower 
:ap  member  4j 3,  machined  from  2.5-cm.  (1-inch)  methyl 
i  hacrylate  rod  stock,  threaded  Vvinch,  16  threads  per  inch, 
Jer.  Std.  machine  screw  thread,  drilled  centrally  and  taper¬ 
ed  12/30’|'  to  fit  upper  joint  of  3.  Its  upper  surface  is 
latersunk  0.1  cm.  (0.040  inch)  deep  by  1.24-cm.  (0.495-inch) 
ineter  to  receive  a  gold-plated  silver  washer  1.25-cm.  (0.500- 
1 )  diameter,  0.15  cm.  (0.060  inch)  thick.  This  washer  (before 
-plating)  is  bored  and  precision-reamed  centrally  to  6.35  mm. 
50  inch)  and  given  a  slightly  tapered  outer  edge  for  tight 

ti-fit  into  4 B,  thus  forming  a  permanent  precision-gaged  gas 
or  6.35-mm.  spot-filtration.  It  also  provides  a  nonadherent 
» ight  seat  for  contact  with  the  under  surface  of  the  mercuric 
rhide-impregnated  filter  disk,  which  is  held  in  compression 
jjnst  it  by  4 C  under  clamping  action  of  4 A  (see  detail, 
lire  1).  4 B'  is  an  exactly  similar  lower  clamp  member  pro- 

M  with  gas  jet  for  3.17-mm.  (0.125-inch)  diameter  spot- 
lation. 

/  and  4 C  are  compression  washers,  precision-surfaced  and 
<■  hined  from  1.9-cm.  (0.75-inch)  methyl  methacrylate  rod  stock, 
-cm.  (9/i6-inch)  outer  diameter  and  drilled  centrally  0.6  and 
•  cm.  (0.25  and  0.125  inch),  respectively,  to  correspond 
n  4 B  and  4iT.  These  compression  washers  are  tapered  at  the 
fer  edges  to  present  a  circular  bearing  surface  0.3  cm.  (0.125 
K)  wide  for  screw  compression  by  4.4. 


The  upper  clamping  member,  4,  4A,  is  machined  from  3-cm. 
(1.25-inch)  methyl  methacrylate  rod  stock  and  has  a  3/4-inch  X  16, 
Amer.  Std.  machine  screw  thread  to  fit  4 B  and  4 B' .  It  serves  for 
compressing  washers  4 C  and  4C”,  thus  effecting  a  marginal  seal 
for  the  sensitized  filter  disk  when  seated  upon  the  gas  jet  of  the 
lower  clamping  member.  It  has  a  precision-surfaced  bearing 
for  contact  with  compression  washers  4 C  and  4 C'  and  is  bored 
centrally  with  a  0.6-cm.  (0.25-inch)  hole  and  then  taper-bored 
10/18"!'  to  give  outlet  for  gas  through  connection  with  5. 

The  connecting  tube  to  vacuum  line,  5,  is  machined  from  1.25- 
cm.  (0.5-inch)  methyl  methacrylate  rod  stock  by  boring  centrally 
with  a  0.3-cm.  (0.125-inch)  hole  and  taper-turning  on  the  outside 
12/30  y  at  the  proximal  end  for  connection  with  4  and  dis- 
tally  for  connection  with  rubber  pressure-tubing  of  the  vacuum 
line. 

The  vacuum  line  may  be  actuated  by  a  laboratory  motor  pump, 
or  an  ordinary  water  pump  used  for  filtering  may  be  attached, 
provided  that  the  water  pressure  is  adequate  and  fairly  constant. 
The  latter  form  of  pump  will,  at  best,  not  operate  more  than  two 
filtration  units  simultaneously.  In  any  case  there  should  be  a 
water  trap  in  the  line,  as  shown  in  Figure  2,  and  a  convenient 
form  of  vacuum  gage  should  be  used,  provided  with  an  air- 
intake  valve  for  control  of  pressure  reduction  in  the  system. 
During  hot  weather  it  is  advisable  to  use  a  cooling  jacket  of 
moistened  cotton  stockinet  (an  infant’s  size  no.  4  stocking  with 
toe  removed  answers  well);  this  should  surround  the  delivery- 
tube  and  clamping  mechanism  and  be  evaporated  in  the  air 
current  of  an  electric  fan. 


METHOD 

In  planning  a  method  for  isolation  and  determination  of  ar¬ 
senic  as  existing  in  organic  substances  in  unknown  combination, 
not  only  must  the  problem  of  cyclic  compounds  resistant  to 
oxidation  be  met,  but  the  problem  of  thermolability  and  un¬ 
known  vapor  pressures  of  component  arsenic  groups,  which  may 
volatilize  under  natural  conditions,  must  be  considered,  es¬ 
pecially  in  ultramicrodeterminations.  In  dealing  with  fresh 
animal  tissues  and  with  other  kinds  of  unstable  organic  material, 
it  may  therefore  be  well  to  avoid  the  idea  of  “preparatory”  treat¬ 
ment  being  a  detached  process,  and  to  substitute  the  concept 
of  a  definite  analytical  partitioning  of  procedure,  ab  initio.  The 
authors  recommend  two  analytical  steps  in  examining  such 
material,  both  leading  to  a  test  solution  suitable  to  Gutzeit  re¬ 
duction.  The  first  is  directed  towards  capturing  any  heat- 
sensitive  arsenic  component,  in  however  minute  concentration, 
by  evaporation  in  a  distilling  system.  The  second  step  is  to 
isolate  the  relatively  “fixed”  arsenic  component  which  remains 
in  the  dehydrated  residue,  and  which  may  be  resistant  to  ordi¬ 
nary  methods  of  oxidation,  by  submitting  this  residue  to 
oxygen-bomb  combustion.  The  two  solutions  which  result 
from  this  partitioning  may  be  separately  tested  for  their  arsenic 
content,  or  they  may  be  combined  for  determination  of  “total 
arsenic”  in  the  sample. 

1.  A  measured  sample  of  the  material  is  taken  in  as  fresh  and 
natural  condition  as  may  be  obtainable.  For  example,  2  cc.  of 
circulating  blood  are  withdrawn  from  the  vein  and  are  at  once 
deposited  through  the  needle  of  an  aspirating  syringe  upon  a 
small  bundle  of  arsenic-free  absorbent  cotton  suspended  within 
a  distilling  flask  (A2,  Figure  3)  which  is  already  connected  with  the 
vacuum-operated  absorption  train.  On  removing  the  needle 
from  the  side  tubulature  of  flask  A2,  this  opening,  1,  is  screened  with 
a  cotton  filtering  plug  (as  shown  at  1 A  in  the  larger  flask,  .4,) 
to  prevent  the  possible  access  of  any  dust  or  extraneous  matter 
from  the  oxygen  line,  and  is  at  once  connected  with  a  controlled 
supply  of  pure  dry  oxygen  gas  as  obtained  from  liquid  air.  A 
minimum  flow  of  this  gas  is  now  started  while  the  flask  is  heated 
on  a  water  or  sand  bath  to  60°  C.  The  flow  of  warmed  oxygen 
gas,  aided  by  suction  of  a  vacuum  pump  at  the  end  of  the  train, 
removes  all  volatile  products  and  moisture  from  the  preparation 
under  a  reduction  of  pressure  which  can  be  varied  throughout 
the  operation  to  suit  the  optimum  speed  of  evaporation.  The 
vapors  are  conducted  from  the  flask  through  the  acid-nebulizing 
jet,  IB,  which  sprays  hydrochloric  acid  (1  to  1)  into  the  mixing 
chamber,  2 ;  here  they  are  chlorinated  and  mixed  with  a  cloud  of 
ammonium  chloride  which  is  produced  by  ammonia  gas  derived 
from  the  reservoir,  3,  containing  ammonium  hydroxide,  which  re¬ 
agent,  by  adjustment  of  the  rotating  stem,  4,  may  be  varied  as  to 
its  surface  area.  This  adjustment  is  to  provide  a  visible  cloud  of 
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ammonium  chloride  in  the  combined  vapors  to  serve  as  an  in¬ 
dicator  of  the  rate  of  absorption  throughout  units  C,  C",  and  D  of 
the  train,  all  of  which  contain  sulfuric  acid  (1  to  3). 

The  temperature  in  the  distilling  flask  is  maintained  at  60°  to 
80°  C.  until  there  remains  only  a  desiccated  residue.  In  the 
cas  ■  of  2-cc.  samples  of  blood,  this  procedure  requires  about  30 
minutes  and  somewhat  longer  for  similar  amounts  of  other  ani¬ 
mal  and  vegetable  tissues.  For  larger  (5-  to  15-cc.)  samples  of 
liquids,  such  as  mine  and  liquid  culture  media,  a  larger  flask,  Ah 
with  reflux  condenser  is  used,  and  evaporation  is  proportionately 
prolonged.  The  heat-labile  components  and  most  of  the  mois¬ 
ture  having  been  evaporated  and  extracted  in  the  absorption 
train,  the  vacuum  line  and  oxygen  supply  are  disconnected.  All 
extracts,  with  washings  from  the  train,  are  then  made  suitable  to 
Gutzeit  reduction  (12%  acid  concentration)  by  dilution  to  a 
volume  of  about  100  cc.  This  constitutes  a  test  solution  rep¬ 
resenting  the  first  or  “volatile”  fraction  of  the  sample  under 
analysis. 

2.  In  the  second  analytical  step,  the  dehydrated  residue — 
consisting,  in  the  case  chosen,  of  dried  blood  on  cotton — is 
promptly  removed  from  flask  A2,  Figure  3,  and  placed  in  the 
cradle  fixture,  13,  of  the  oxygen  bomb,  A3,  where  its  contained 
fuse  wire,  4,  is  connected  to  the  terminals,  10.4  and  11,  of  the 
ignition  system  in  the  bomb  head,  1.  The  cy finder  or  combus¬ 
tion  chamber,  2,  supported  by  its  clamping  collar  (not  shown) 
is  then  raised  to  the  closed  position  as  indicated  in  A3,  and  there 
securely  sealed  by  a  massive  clamping  mechanism  (not  shown). 
The  bomb  is  then  charged  with  oxygen  at  17.6  kg.  per  sq.  cm.  (250 
pounds  per  square  inch)  pressure  and  the  charge  ignited  by  clos¬ 
ing  the  ignition  circuit.  This  process  is  essentially  as  described 
in  a  former  report  (4),  but  with  certain  improvements  in  apparatus 
(manufactured  by  the  Parr  Instrument  Co.,  Moline,  Ill.)  of  more 
recent  development. 


SCALE 


After  the  combustion,  which  is  practically  instantaneous,  t 
gases  and  smoke  are  completely  exhausted  from  the  boi 
through  its  outlet,  4,  which  is  connected  to  the  same  absorpti 
train,  B,  C,  C't  D,  as  described  in  the  first  instance.  In  t 
case  the  ammonium  ions  which  are  given  off  from  the  a 
monium  hydroxide  in  the  communicating  reservoir,  3,  of  t 
nebulizing  chamber,  B,  2,  combining  with  the  spray  of  hyd) 
chloric  acid,  serve  primarily  to  effect  an  ammonium  chlori 
cloud  precipitation  of  all  smoke  particles  within  the  globular  pi 
tion  of  this  chamber.  Thence  the  combustion  gases  are  cc 
ducted  under  action  of  the  vacuum  pump  into  the  remaini 
units  of  the  extraction  train  which  have  been  provided  with  t 
same  reagents  used  in  the  previous  operation.  When  the  e 
haustion  is  completed,  any  residual  gases  in  the  bomb  are  wash 
through  the  train  by  a  current  of  oxygen  admitted  through  t 
bomb  inlet,  3,  which  is  still  in  connection  with  the  oxygen  supp; 
The  resulting  extracts,  combined  with  bomb  residues  and  ; 
washings  from  bomb  and  train,  are  similarly  made  up  to  100  < 
in  volume  to  form  another  test  solution  which  represents  t 
second  analytical  fraction,  or  relatively  “fixed”  arsenic,  of  ti 
original  sample.  Both  test  solutions  may  be  reduced  separatel 
or  combined  and  determined  as  ‘  ‘total  arsenic”. 

• 

Isolation  and  Detebmination  of  Arsenic  from  Te 
Solutions.  Whatever  the  previous  analytical  procedure  mi 
have  been,  the  test  material  is  assumed  at  this  stage  to  be 
acid  aqueous  solution. 

The  degree  of  acidity,  if  not  known,  should  be  determined  ai 
adjusted  to  approximately  12%  hydrochloric  acid,  when  brougl 
to  100  cc.  in  volume.  This  test  solution,  containing  the  arsen 
which  is  to  be  isolated  as  arsine  and  then  quantitatively  dete 
mined,  is  placed  in  the  hydrogen  generator  flask  (1,  Figure 
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Figure  3.  Apparatus  for  Separate  Determination  of  Volatile  and  Fixed  Arsenic  in  Small  Quantities  of  Biological  Material 

A.  A/.  Flasks  for  distillins  and  dehydrating  material  for  analysis.  A i  is  for  5-  to  25-cc.  samples  of  urine,  liquid  culture  media,  etc.  A:  is  for  smaller  samples,  2  to  2.5  cc., 
or  grams,  of  blood,  fresh  tissues,  etc. 

As,  A3.  Right  sectional  views  of  oxygen  bomb  used  for  flame  combustion  of  dried  residues 

A  C,  C' ,  D,  E.  Vacuum  extraction  train  used  in  connection  with  A 1,  As,  and  As  for  obtaining  test  solutions  for  ultramicrodetermination  of  arsenic  by  extraction  of  volatile 
product*  of  evaporation  or  by  extraction  of  smoke  and  gases  from  oxygen-bomb  combustion  of  dry  residue 
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STANDARDS  calibrat'd  to  MICROGRAMS  of  ARSENIC  ,AtYit  7<9! 


Figure  4.  Photographic  Standards  for  Vacuum-Cutzeit  Spot 
Reactions 

ical  reproduction  of  original  is  limited  by  photomechanical  processes  involved, 
original  step  scales  present  3  series  of  sepia  tints;  each  series  has  a  less  steep 
gradient  of  intensity  than  is  represented  in  the  illustration. 


5  cc.  of  potassium  iodide  with  1  cc.  of  stannous  chloride  are 
ed.  The  flask  is  then  placed  in  a  water  bath  at  15°  C.  and 
rams  of  activated  zinc  are  added;  it  is  then  very  promptly 
to  15  seconds)  connected  to  the  other  parts  of  the  apparatus 
ch  have  previously  been  assembled  and  supplied  with  re¬ 
nts,  including  a  sensitized  filter  disk  securely  clamped  in 
tion  for  gas  filtration  under  vacuum. 

'lie  vacuum  pump  attached  to  the  system  is  then  started 
reduction  of  pressure  is  first  adjusted  to  approximately  0.5 
i.osphere  (380  mm.  of  mercury),  at  which  it  is  maintained  for  2 
lutes.  If  the  gas  formation  in  the  generating  flask  is  then 
j  sufficiently  active,  the  pressure  is  further  reduced  to  the 
it  of  optimum  action,  which,  in  the  authors’  experience  is 
below  0.25  atmosphere  (190  mm.  of  mercury),  and  is  held 
his  point  for  about  10  minutes,  according  to  the  activity  of 
i.  gas  formation.  Pressure  is  then  raised  to  the  first  level  of 
1  mm.  of  mercury  and  is  kept  at  this  point  until  20  minutes 
ill  have  elapsed.  During  the  run  the  temperature  of  the 
er  bath  should  be  from  15°  to  20°  C.  Atmospheric  pressure 
■stored  to  the  system  at  the  end  of  the  run  by  gradually  ad- 
ting  air  through  the  air-intake  valve  on  the  vacuum  gage, 
s  convenient  to  have  two  or  more  units  operating  simul- 
■ou.sly  on  the  same  vacuum  line  (see  arrangement  shown  in 
ire  2). 

pon  completion  of  the  run,  the  filter  disk  bearing  the  spot 
tion  is  removed  from  the  clamping  assembly  and  is  im- 
liately  treated  with  1  or  2  drops  of  the  ammonia  solution, 
"'ll  temporarily  darkens  the  spot  test  to  some  shade  of  warm 
'.  The  disk  is  now  surface-dried  by  contact  with  clean  filter 
er  and  at  once  evaluated  for  arsenic  content  by  comparison 
i  a  standard  photographic  step  scale  which  has  been  cali- 
ped  to  micrograms  of  arsenic  as  illustrated  in  Figure  4. 


he  degree  of  arsenic  reaction  may  be  read  directly  by  placing 
i  spot  upon  a  white  background  and  comparing  its  intensity 
the  shades  of  the  photographic  scale  through  windows  which 
punched  in  its  banded  portion.  Anything  which  appears  to 
jess  than  0.04  microgram  of  arsenic  in  a  6.35-mm.  (0.25-incli) 
i  test  is  considered  a  ''blank”.  This  corresponds  to  0.01 


microgram  of  arsenic  in  the  3. 17-mm.  (0.125-inch)  spot  test  and  is 
the  limit  of  sensitivity  which  the  authors  have  set  for  the  method 
in  routine  practice.  Incidentally,  it  is  a  severe  test  on  labora¬ 
tory  technique  and  purity  of  reagents  and  in  earlier  experience 
there  have  been  considerable  periods  of  time  when,  owing  to  a 
lapse  of  purity  in  one  of  the  reagents,  it  has  been  impossible 
to  get  satisfactory  blank  tests  with  the  3. 17-mm.  (0.125-inch) 
filtration  area,  or  even  with  the  6.35-mm.  (0.25-inch)  area.  Such 
lapses  were,  of  course,  definite  departures  from  the  tolerances 
given  above  under  Reagents.  The  fault  was  usually  found  in  the 
sulfuric  acid  and  was  accounted  for  by  the  fact  that  this  reagent, 
although  of  the  highest  purity  obtainable  at  the  time,  had  been 
stored  and  marketed  by  the  manufacturers  in  ordinary  flint- 
glass  bottles  (which  are  not  arsenic-free),  and  was  probably  also 
due  to  incidental  air-contamination  through  use  of  too  large 
containers.  With  the  cooperation  of  the  manufacturers  this 
difficulty  has  been  corrected  and  it  is  now  possible  regularly  to 
get  satisfactory  blanks  (less  than  0.02  microgram)  when  operating 
with  the  6.35-mm.  (0.25-inch)  filtration  orifice.  (The  J.  T.  Baker 
Chemical  Co.  will  now  supply  on  request  ‘‘acid  sulfuric  c.p. 
special  arsenic-free”  and  “acid  hydrochloric  c.p.  special  arsenic- 
free”  in  500  ml.  glass-stoppered  Pyrex  bottles.) 

In  dealing  with  very  small  quantities  of  material  the  authors 
have  encountered  interferences  from  only  two  elements  which 
may  obscure  the  ammonia-treated  Gutzeit  end  reaction.  In 
rare  instances  of  clinical  blood  examination  following  a  recent 
intravenous  injection  of  thiosulfate  (administered  to  alleviate 
poisoning  from  overdose  of  a  therapeutic  arsenical),  the  hydrogen 
sulfide  evolved  in  the  generator  has  not  been  completely  removed 
by  the  lead  acetate  scrubber.  This  occurred  not  in  the  volatile 
fraction,  but  in  the  residual  fraction.  Here,  warning  is  given 
by  a  rapid  and  intense  blackening  of  the  scrubber,  and  the 
obvious  remedy  is  to  use  a  smaller  sample  or  aliquot,  which  will 
still  be  adequate  for  determining  arsenic  concentration,  which 
in  these  cases,  is  high.  Occasionally,  when  samples  of  phos- 
phatic  urine  have  been  evaporated,  an  excessive  amount  of  vola¬ 
tile  phosphorus  has  distilled  over  at  60°  to  80°  C.  into  the 
extraction  train.  In  such  cases,  although  the  ammonia  reagent 
does  not  darken  the  yellow  stain  caused  by  phosphorus,  the 
ammonia-darkened  reaction  for  arsenic  will  be  degraded  by  the 
interference  so  as  to  cause  false  readings  on  the  scale.  Smaller 
aliquots,  or  removal  of  the  phosphorus  by  distillation  with  hydro- 
bromic  acid  as  mentioned  below,  will  prevent  the  difficulty. 

Having  never  had  interferences  from  antimony  or  selenium, 
the  authors  believe  that,  with  the  small  samples  of  material 
needed  for  ultramicrodeterminations,  this  problem  would  arise 
only  in  exceptional  circumstances,  as  in  examining  animal 
blood  or  excretions  following  ingestion  of  seleniferous  or  anti- 
moniferous  food. 

In  experiments  with  the  addition  of  small  amounts  of  sodium 
selenate  to  test  samples  of  arsenical  urine,  they  found  that  any 
concentration  of  selenium  likely  to  occur — i.e.,  under  50  micro- 
grams  per  100  cc. — would  be  removed  as  selenium  hydride  along 
with  hydrogen  sulfide  by  action  of  the  lead  acetate  scrubber. 
In  the  event  of  combined  interferences,  in  cases  of  selenium  or 
antimony  poisoning  complicated  with  arsenic  poisoning  of  or¬ 
ganic  material,  they  have  been  prepared  to  work  with  relatively 
large  samples  and  to  remove  phosphorus  and  antimony  by  dis¬ 
tilling  with  45%  hydrobromic  acid  and  an  excess  of  bromine  into 
the  vacuum-extraction  system,  thus  isolating  arsenic  with  sele¬ 
nium  in  the  distillate;  then  to  separate  selenium  from  arsenic  by 
precipitating  the  selenium  from  the  distillate  with  sulfur  dioxide 
and  hydroxylamine  hydrochloride,  according  to  the  method  of 
Robinson,  Dudley,  Williams,  and  Byers  {21),  leaving  arsenic  in 
the  filtrate  to  be  brought  into  a  proper  test  solution  for  end 
determination  by  the  present  method,  choosing  an  aliquot  suit¬ 
able  to  the  ultramicro  range. 

PHOTOGRAPHIC  STANDARDS  FOR  EVALUATION  OF  GUTZEIT  SPOT 

TESTS 

The  first  essential  for  producing  a  photographic  step-scale  print 
for  the  evaluation  of  Gutzeit  spot  tests  is  a  primary  film  trans- 
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parency  presenting  a  banded  scale  of  light-transmission  densities, 
arranged  in  a  progressive  exponential  series,  and  in  convenient 
dimensions  for  contact  printing — as,  for  example,  showing  21 
contiguous  bands  covering  a  strip  of  film  20  to  22.5  cm.  (8  to  9 
inches)  long  and  of  convenient  width,  as  1.375  inches  or  35  mm. 

Such  a  primary  step-scale  transparency  may  be  made  on  an 
optical  bench  by  successive  steps  of  equal  time-unit  exposure 
to  a  constant  source  of  light  and  at  progressive  distances  from 
the  light,  the  precisely  measured  distances  constituting  a  definite 
logarithmic  series  of  steps  to  produce  a  corresponding  logarith¬ 
mic  series  of  densities  in  the  exposed  photographic  film  after 
development.  A  special  machine,  such  as  the  Eastman  sensitom- 
eter,  Type  lib,  devised  for  testing  the  characteristics  of  photo¬ 
graphic  emulsions,  will  accomplish  the  same  purpose.  The  au¬ 
thors  produced  their  first  films  for  photographic  standards  by  the 
optical  bench  method,  but  they  do  not  recommend  it,  since  it  not 
only  is  very  laborious,  but  requires  much  technical  skill  and 
experience  and  faultless  technique  to  get  satisfactory  results. 
They  later  procured  from  the  Eastman  Kodak  Co.  a  number  of 
photographic  “step-tablet”  transparencies  made  by  their  sensitom- 
eter  machine.  These  step  tablets  are  now  commercially  avail¬ 
able  for  use  in  3-color  process  work.  One  of  these  transparencies 
which  was  accurately  calibrated  at  the  Physics  Department 
Research  Laboratories  of  the  Eastman  Kodak  Co.,  Rochester, 
N.  Y.,  served  to  produce  the  secondary  negative  film  referred 
to  in  Figure  5,  and  from  which  the  step-scale  prints  illustrated 
in  Figure  4  were  printed. 

This  secondary  or  master-negative  film  is  required,  because  the 
steepness  of  gradation  of  the  original  film  is  too  great  to  serve 
directly  for  making  prints  which  will  have  the  finely  graduated 
steps  that  are  required  in  the  final  product. 

A  negative  is  therefore  made  by  contact-printing  from  the 
primary  transparency  upon  an  8  X  10  film  having  a  rapid,  long- 
scale  emulsion,  such  as  “Defender,  XF-Panchromatic”  or  “East¬ 
man,  Tri-X  Pan  AH”,  both  of  which  emulsions  possess  a  long 
straight-line  portion  in  the  low-development  gradients  of  their 
characteristic  (D-log  E)  curves.  The  aim  here  is  to  produce 
a  negative  step-scale  film  transparency  as  perfect  as  the  original, 
but  with  its  series  of  densities  reduced  in  range  while  retaining 
the  same  number  of  steps  as  in  the  original — for  example,  from 
density  0.45  to  density  2.41  in  21  steps  as  shown  in  Figure  5 
(inset),  a  zone  covered  by  only  14  steps  of  the  original  film. 

This  result  is  obtained  by  suitable  exposure  and  development, 
so  that  the  secondary  negative,  when  calibrated  by  densitometer 
and  plotted  as  a  graph,  will  show  a  straight  line  similar  to  that 
of  the  original  film,  but  with  a  lesser  slope  or  gradient  corre¬ 
sponding  to  a  gamma  of  definitely  shortened  development. 
This  task  requires  patience  and  considerable  technical  skill; 
but,  once  accomplished,  there  is  no  further  difficulty  and  the 
resulting  master  negative  is  permanently  useful  for  making  con¬ 
tact  prints  on  bromide  paper  to  serve  as  standards  for  a  variety 
of  ranges  of  determination,  as  illustrated  in  Figures  4  and  5. 

A  suitable  grade  of  bromide  paper  is  required  for  making  prints. 
It  must  be  of  pure  white  stock  with  a  matte  or  rough  surface. 
Its  emulsion  must  be  susceptible  to  full  development  without 
tendency  to  fog,  and  capable  of  giving  a  warm  tone  which  will 
match  the  tinge  of  the  ammonia-treated  spot  reactions.  This  is 
accomplished  by  adjusting  the  proportion  of  potassium  bromide 
in  the  developer.  “Defender,  Velour  Black,  C-l”,  developed 
with  “55D”  formula  diluted  33  to  50%  to  include  addition  of 
10  to  20%  of  potassium  bromide  solution  (10%  by  weight),  has 
given  good  results.  The  time  of  exposure  and  development  will 
vary  slightly  with  different  batches  of  paper.  For  instance 
print  B,  Figure  4,  was  “VB-C-1”  exposed  30  seconds  at  85  cm! 
(34  inches)  from  a  60-watt  Mazda  lamp  and  developed  in  “55D” 
(12.5%  potassium  bromide  solution  added)  at  65°  F.  for  50 
seconds,  the  darkest  band  appearing  at  22  seconds  and 
the  lightest  at  49  seconds;  print  A,  same  paper  and  conditions, 
was  exposed  at  90  cm.  (36  inches)  from  the  lamp,  and 
development  was  28758";  print  C  was  obtained  by  using  a 
slightly  “harder”  grade  of  paper  (“VB-C-2”).  An  acetic  acid 
short-stop  bath  is  used  to  stop  development  abruptly,  and  the 
print,  after  thorough  rinsing  in  this,  is  fixed  in  two  successive 
trays  of  plain  “hypo”  solution,  3  to  5  minutes  in  each  tray  with 
agitation.  After  a  wash  in  running  water  for  20  to  30  minutes, 


the  print  should  be  treated  to  eliminate  any  thiosulfate  wh 
cannot  be  removed  by  washing,  since  residual  traces  as  sir 
as  1  microgram  per  sq.  cm.  of  paper,  will,  in  course  of  tii 
produce  slight  fading  in  the  bands  of  lesser  density  due  tc 
gradual  “sulfiding”  of  the  silver  deposit.  To  correct  this,  1 
method  of  hypo  elimination  devised  by  Crabtree  (9)  is  ra 
reliable,  a  process  which  utilizes  hydrogen  peroxide  and  ammo: 
to  oxidize  every  trace  of  thiosulfate  for  removal  in  a  5-  to 
minute  period  of  final  washing. 

Even  with  these  precautions,  atmospheric  conditions  m 
cause  degradation  of  the  lesser  densities,  as,  by  hydrogen  sulfide 
sulfur  dioxide  in  the  air  of  industrial  centers,  or  by  salinity  m 
the  sea  coast.  A  calibrated  silver  print  should  therefore 
regarded  as  a  delicate  photometric  standard  and  preserved  ca 
fully  from  the  action  of  light,  heat,  and  moisture;  unless  si 
jected  to  the  sulfur-eliminative  treatment  recommended  abo 
it  should  be  recalibrated  after  6  months.  In  any  circu 
stances,  a  new  standard  print  should  be  made  from  the  mas 
negative  when  a  12-month  period  has  elapsed. 

Prints  are  standardized  by  calibration  against  known  amoui 
of  volumetric  arsenic  solution  as  specified  under  Reagents.  T 
is  done  by  photometry,  but  expert  visual  calibration  fr< 
known  test  spots,  or  from  previously  calibrated  prints,  willgi 


Figure  5.  Reflection  Densities  of  Photographic  Scales 

Step-scale  prints  A,  B,  and  C  with  arsenic  values  coordinated  to  indicate 
system  of  calibration. 

Dots  are  plotted  against  the  right-hand  ordinate  of  reflection  density, 

expressed  as  log  where  I  is  the  intensity  of  light  reflected  from  the  blank 

paper  base,  free  of  deposit  (whether  Ag  deposit  of  the  print,  or  As-Hg 
deposit  of  the  test  reaction),  and  R  the  intensity  of  light  reflected  from  the 
deposit.  The  abscissa  measures  the  D-log  E  characteristics  of  the  developed 
bromide  emulsion  of  the  prints,  in  steps,  as  printed  through  corresponding 
bands  of  the  negative  film  shown  in  the  insert.  The  left-hand  ordinate  is  an 
arithmetic  progression,  in  terms  of  micrograms  of  arsenic  as  contained  in 
Gutzeit  test  spots  6.35  mm.  in  diameter — a  unit  test  area  selected  to  establish 
two  datum  levels  of  1.00  and  0.10  microgram  of  As,  amounts  which  in 
repeated  photometric  evaluations  coincided  very  closely  with  0.666  and 
0.066,  respectively,  on  the  reflection  density  scale,  as  indicated  at  steps 
15  and  4  of  the  fi-print  graph.  Dots  occurring  alone  at  step  intervals  in  the 
graphs  represent  photometer  allocations  of  the  corresponding  bands  of  prinb 
and  refer  to  the  right-hand  ordinate. 

Crosses  represent  definite  amounts  of  arsenic  added  to  test  solutions,  and 
are  the  theoretical  basis  of  calibration  as  referred  to  the  left-hand  ordinatt. 
Dots  which  closely  coincide  with  crosses  are  the  actual  coordinating  factors/ 
plotted  as  calibrating  factors  by  photometer  readings  of  their  reflection  densi¬ 
ties,  and  representing  arsenic  found,  they  are  thus  referable  to  both  ordinates. 
Differences  between  crosses  and  nearly  coincident  dots,  denote  recovery 
data,  or  error  of  determination,  and  are  summarized  in  the  text  as  applying 
to  different  ranges.  Dots  marked  with  a  ringed  cross  are  duplications  of 
primary  calibrations  on  graph  B.  It  is  evident  that  this  system  of  photographic 

standards  for  evaluation  may  be  resolved  to  the  formula:  or, 

0.666 

1.5 a(RD)  =  y As,  where  a  is  the  unit  area  of  6.35  mm.  diameter  and 
RD  the  reflection  density  in  terms  of  log  ^ . 
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nults  which  are  surprisingly  close  to  calibrations  by  galvanom- 
hr  readings  with  a  photoelectric  cell.  For  photometric  cali- 
jition  the  authors  have  employed  the  following  apparatus: 

\  selenium  photocell  with  a  20-mm.  effective  diameter,  giving 
hotocurrent  of  150  microamperes  and  output  of  25  microwatts 
i  1  lumen.  This  is  placed  in  an  insulated  adapter,  or  in  a 
i  rophotometric  slit  ocular,  at  the  eyepiece  position  of  a  micro¬ 
be  and  connected  with  a  mirror  galvanometer  of  ap- 
ximately  750-ohm  resistance  and  a  sensitivity  of  2.5  X  10-9 
pere  per  mm.,  with  the  interposition  of  a  compensating  resist- 
e  circuit,  so  designed  as  to  provide  selective  sensitivity  with 
ustable  zero  point  on  the  galvanometer  scale  under  a  wide 
fiiation  of  light  intensities  or  field  areas. 

V  microscope  fitted  with  24-mm.  and  40-mm.  single-lens  ob- 
itives,  and  with  tube  length  adjustable  from  155  to  200  mm. 
I-  controlling  exact  size  of  field,  a  mechanical  stage  for  multiple 
duced  field)  readings,  and  a  quick-shifting  device  for  alter- 
ely  positioning  test  spots  and  step-scale  bands  within  the 
Iminated  field  of  the  instrument.  (Precision  of  operation  is 
ored  by  averaging  or  integrating  fractional  readings  by  means 
Ik  microphotometric  slit  ocular  as  described  by  Lange,  18.) 

[kn  efficient  type  of  electric  microscope  lamp  and  condenser, 
I; ustable  to  an  approximately  45°  angle  of  incidence  to  prevent 
eular  reflection,  and  capable  of  illuminating  a  field  of  7  mm.  or 
s  in  diameter.  This  lamp  must  be  operated  by  a  storage  bat- 
y  to  ensure  a  nonfluctuating  current  and  must  produce  a  light 
nigh  intensity  which  is  so  steady  as  to  cause  no  oscillation  of 
galvanometer  light  beam. 


^  ith  such  a  system,  the  difference  in  photocurrent  of  reflect- 
•es  from  unit  areas  of  adjacent  bands  of  a  step  scale,  such  as 
le  B  in  Figures  4  and  5,  will  give  deflections  of  the  light  beam 
ithe  galvanometer  scale  of  3  to  15  mm.,  as  controlled  by  sensi- 
ity  adjustment  in  the  balanced  circuit.  Reactions  from 
own  amounts  of  arsenic  or  from  unknow'n  test  solutions  can 
Is  be  nearly  matched  with  scale-band  deflection  readings  and 
ues  interpolated  according  to  the  step  deflection. 

The  precision  of  the  combined  vacuum-Gutzeit  procedure 
1  photometric  reading  method,  when  summarized  from  the 
overy  data  of  Figure  5,  show's:  (a)  in  the  lower  part,  or  “toe” 
•tion,  of  curves  B  and  C  (from  0.04  to  0.40  microgram  of  ar- 
ic),  comprising  7  recoveries,  an  accuracy  of  95.85%,  with  a 
an  deviation  of  =*=0.04  microgram;  (6)  in  the  range  covered 
the  straight-line  portion  of  the  graphs  (from  0.50  to  2.0 
Tograms  of  arsenic),  comprising  15  readings  on  12  recoveries, 
accuracy  of  99.93%,  with  a  mean  deviation  of  ±0.0053 
program;  (c)  an  over-all  accuracy,  for  the  entire  range,  of 
163%,  with  a  mean  error  of  ±1.37%.  This  applies  to  an 
mplary  set  of  findings  and  is  somewhat  better  tjian  the 
leral  average  of  ±  1.5%,  which  is  claimed  for  the  photometric 
olication  of  the  method.  For  routine  visual  evaluations  in 
1  optimum  range  of  0.04  to  0.90  microgram  of  arsenic,  pre¬ 
ion  is  estimated  as  within  ±0.03  microgram,  and  the  visual 
or  increases  from  ±0.06  to  ±0.07  microgram  in  the  higher 
lge  from  0.90  to  the  visual  limit  of  1.6  micrograms  of  arsenic, 
iich  implies  a  ±3%  error  in  the  optimum  range. 

Only  the  bands  of  reflection  density  on  the  calibrated  scales  are 
:  essential  criteria  for  arsenic  determination,  and  these  rep¬ 
ent  ascending  gradients  of  arsenic  value  strictly  according 
the  area  of  the  test  spot.  01  hen  such  a  step-scale  print  has 
.-e  been  calibrated  for  the  unit  area  of  6.35-mm.  (0.250-inch) 
meter,  as  shown  in  Figures  4  and  5,  it  follows  mathematically 
it  any  step  of  the  scale  when  referred  to  3.17-mm.  (0.125-inch) 
t  spots,  will  represent  just  one  fourth  of  the  value  attributable 
the  unit  area.  Thus,  if  an  area  be  selected  that  is  2.5  times 
it  of  the  unit  area,  or  10  times  that  of  the  3.17-mm.  area,  its 
.culated  area  would  be  79.167  sq.  mm.,  its  diameter  10.04 
n.,  and  there  would  be  established  a  triple  ratio  of  0.25:1:2.5 
1.4.10,  in  scale  value,  according  to  spot  area,  with  corre- 
mding  arsenic  values  holding  throughout  all  shades  of  the 
ile. 


SUMMARY 

A  relatively  rapid  procedure  and  new  apparatus  are  described 
for  isolation  under  vacuum  of  small  amounts  of  arsenic  as  ar¬ 
senic  trihydride.  The  method  is  especially  applicable  to  very 
small  samples  of  fresh  biological  material  and  other  organic  sub¬ 
stances  which  demand  an  ultramicro  range  of  determination. 
It  employs  the  well-known  zinc-acid  reduction  process,  which  is 
shortened  in  time  of  operation  to  15  minutes  and  intensified  in 
action  without  applying  heat.  This  is  accomplished  bv  opera¬ 
tion  in  a  vacuum  system  at  0.25  to  0.5  atmosphere  to  produce 
an  arsine-mercuric  bromide  reaction  by  spot  filtration.  The 
reaction  is  concentrated  by  jet-filtration  through  a  precisely 
gaged  area  of  the  sensitized  medium.  The  diameters  of  the  jets 
producing  the  spot  reactions  are  designated  as  3.17  mm.  (0.125 
inch)  and  6.35  mm.  (0.250  inch),  giving  two  orders  of  reaction 
areas  in  the  ratio  1  to  4,  and  providing  ranges  of  0.01  to  0.40 
and  0.04  to  1.50  micrograms  of  arsenic,  respectively. 

These  Gutzeit  spot  reactions,  after  intensification  with  am¬ 
monia,  are  immediately  evaluated  by  reference  to  a  standardized 
photographic  step-scale  print  having  20  bands  of  mathematically 
graded  reflection  densities,  which  have  been  photometrically 
calibrated  against  fresh  spot  tests  from  known  amounts  of  ar¬ 
senic.  The  method  of  calibrating  these  photographic  standards 
by  coordination  with  recovery  data,  and  the  photographic 
procedure  for  producing  the  prints  and  the  permanent  film  nega¬ 
tives  from  w'hich  they  are  derived,  are  described.  Apparatus 
comprising  the  vacuum-filtration  system  consists  mainly  of 
parts  which  are  precisely  machined  from  methyl  methacrylate 
polymer. 

Sensitivity  claimed  for  the  method  in  its  present  form  is  0.01 
microgram  of  elementary  arsenic,  which  is  visually  distinguish¬ 
able  from  a  “blank”.  Accuracy  claimed  for  the  vacuum- 
Gutzeit  method  combined  w'ith  evaluation  by  photographic 
standards  is  ±3%  by  visual  inspection  in  the  range  0.02  to 
0.90  microgram  of  arsenic  and  ±1.5%  by  photometry  in  the 
extended  range  to  2.0  micrograms  of  arsenic.  Larger  or  smaller 
filtration  areas  may  be  used  for  other  ranges  than  those  de¬ 
scribed. 
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Microchemical  Identification  of  Demerol 

JOSEPH  LEVINE,  Bureau  of  Narcotics  Laboratory,  Washington,  D.  C. 


Demerol  may  be  identified  microchemically  through  formation  of  crystals  with  alkaloidal  reagents. 
Doubly  confirmatory  test  is  available  with  single  reagent,  in  conjunction  with  scratching  of  test 
drops.  Tests  with  picric  acid,  lead  iodide,  sodium  nitroprusside,  potassium  dichromate,  and  potas¬ 
sium  iodide  are  described. 


ALKALOIDS  amd  alkaloidlike  compounds,  in  general,  combine 
i  with  the  so-called  “alkaloidal  reagents”  to  form  insoluble 
complexes,  many  of  which  crystallize  in  unique  and  characteristic 
forms.  Most  of  the  natural  alkaloids  and  many  synthetic 
alkaloidlike  compounds  may  be  definitely  identified  by  visual 
microscopic  examination  of  these  crystals.  Several  books  and 
many  articles  describe  or  illustrate  a  number  of  those  for  which 
the  specificity  of  the  microcrystalline  form  has  been  established 
(1,  4,  5,  8  and  others). 


The  usual  procedure  in  making  the  microchemical  tests  is 
add  a  drop  of  the  reagent  to  a  drop  of  a  solution  of  the  alkal 
on  a  glass  slide;  the  test  drop  is  then  allowed  to  stand  ui 
crystal  formation  takes  place.  Rubbing  or  stirring  the  test  d 
to  induce  or  hasten  crystallization  is,  in  general,  considered 
be  objectionable.  Stephenson  (6)  states  that  crystals  formed 
stirring  are  likely  to  be  less  characteristic  than  those  forn 
more  slowly,  and  recommends  that  stirring  be  avoided  to  prev 
the  formation  of  abnormal  crystal  forms.  Scratching  is  soi 

times  recommended  to 


Figure  1 
Crystals. 


duce  crystallization  (2),  I 
no  reference  has  been  for 
in  which  scratching  is  u: 
to  influence  the  course 
the  crystallization. 

Demerol  (ethyl-l-meth 
4  -  phenylpiperidine  -  4  -  c 
boxylate,  3)  may  be  read 
identified  microchemical 
Its  reaction  with  28  of  I 
common  alkaloidal  reagei 
was  studied.  Of  these, 
combined  to  form  cryst 
which  are  very  well  form 
and  suitable  for  purpoi 
of  identification;  7  othi 
formed  crystals  whic 
either  because  of  low  sen 
tivity  or  because  of  atypii 
crystal  formation,  are  1< 
suited  for  the  purpose; 
formed  only  amorphous  pi 
cipitates;  and  5  failed 
form  any  precipitate. 

The  effect  of  scratchi 
the  test  drops  of  Demei 
and  picric  acid,  sodium  i 
troprusside,  or  potassiu 
iodide  is  very  strikin 
Well-formed  individu 
crystals  are  obtained  whi 
are  entirely  different  .in  a 
pearance  from  those  formed  in  the  undisturbed  test  drop.  They  do  n< 
appear  in  any  way  to  be  merely  distorted  or  abnormal  forms  of  the  latte 
but  are  crystallized  in  distinct  and  unique  forms  which  are  very  well  suits 
for  microscopic  examination.  Advantage  may  be  taken  of  this  circun 
stance  in  having  a  doubly  confirmatory  test  for  Demerol:  the  formatic 
of  two  distinct  and  individual  crystal  types  with  a  single  reagent,  in  coi 
junction  with  the  unique  influence  of  scratching  in  effecting  the  formatic 
of  this  dual  pattern  of  crystal  types,  furnishes  a  cross-combination  of  dai 
ensuring  the  reliability  of  the  identification. 

No  information  is  available  at  present  as  to  the  effectiveness  of  tl 
scratching  technique  in  the  identification  of  other  alkaloids  with  the  varioi 
alkaloidal  reagents.  Preliminary  work  indicates  that  fruitful  results  migl 
be  obtained;  a  study  of  the  subject  would  be  of  decided  interest. 
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Right. 


Demerol-Picric 

Demerol-Picric 


Acid 

Acid 


Crystals,  Scratched.  Lower.  Demerol-Lead  Iodide 
Crystals 


In  making  the  tests,  the  usual  procedure  was  employed.  To  one  drci 
(0.03  ml.)  of  an  aqueous  solution  of  Demerol  hydrochloride  was  added  a 
equal  drop  of  the  reagent.  The  resultant  crystals,  formed  either  on  standin 
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|n  scratching  with  a  glass  rod,  were  examined  under  a  magni- 
*  ion  of  90  X .  Best  results,  in  regard  to  facility  of  examination 
1  ie  crystals,  were  obtained  if  the  concentration  of  the  Demerol 
]  Lions  was  such  that  not  more  than  a  slight  initial  precipitate 
a  formed  upon  addition  of  the  reagent.  Hydrochloric  acid, 
jtf,  may  be  used  instead  of  water  as  solvent  for  the  Demerol, 
jpt  in  the  case  of  picric  acid.  Here  the  effect  of  the  acid 
Hents  the  formation  of  the  characteristic  X-shaped  crystals. 

ijiystalline  complexes  were  obtained  from  the  reaction  of 
eierol  with  picric  acid,  potassium  iodide,  sodium  nitroprusside, 
i  iodide,  potassium  dichromate,  potassium  chromate,  chromic 
i  (the  latter  three  in  hydrochloric  acid  solution),  potassium 

Icyanide,  potassium  ferricyanide,  platinic  chloride,  mercuric 
ide,  and  palladium  chloride.  Amorphous  precipitates 
were  obtained  with  gold  chloride,  Wagner’s  reagent,  Marme’s 
snt,  Mayer’s  reagent,  phosphotungstic  acid,  phospho- 
bdic  acid,  silicotungstic  acid,  zinc  chloroiodide,  sodium 
phate,  sodium  cobaltinitrite,  and  picrolonic  acid.  No 
pitate  was  obtained  with  ferric  chloride,  zinc  chloride, 
ionium  thiocyanate,  saccharine,  or  potassium  permanganate. 


suitable.  In  accord  with  the  orientation  of  the  prisms,  the 
hexagons  may  or  may  not  appear  equilateral.  The  relative 
lengths  of  the  sides  may  be  such  that  the  crystals  appear 
rhomboidal  or,  sometimes,  diamond-shaped. 

Potassium  Dichromate-Hydrochloric  Acid.  A  5%  solu¬ 
tion  of  potassium  dichromate  in  a  mixture  of  equal  parts  of 
concentrated  hydrochloric  acid  and  water. 

An  amorphous  precipitate  forms,  changing  to  a  dense  mat  of 
long  yellow  needles,  often  in  sheaves  (Figure  2,  lower  left). 
With  concentrations  of  Demerol  under  0.2%,  no  amorphous 
precipitate  is  formed;  direct  crystallization  takes  place  slowly. 
Scratching  hastens  the  crystallization,  without  affecting  the 
crystal  form. 

Similar  crystals  are  formed  with  potassium  chromate  or 
chromic  acid  in  hydrochloric  acid  solution.  Neutral  aqueous 
solutions  of  the  three  reagents  produce  only  amorphous  pre¬ 
cipitates. 

Potassium  Iodide,  20%  to  saturated  aqueous  solutions. 

The  sensitivity  of  this  reagent  varies  with  its  concentration. 
A  20%  solution  is  sensitive  to  a  0.2%  Demerol  solution,  while 
sensitivity  to  below  0.05%  Demerol  solutions  may  be  obtained 
by  saturating  a  test  drop  of  the  latter  with  crystalline  potassium 
iodide. 


U3ENTS  AND  CRYSTALS 

iST  SUITED  FOR  IDENTI¬ 
FICATION 

|cric  Acid,  saturated 
ous  solution, 
his  reagent  is  very 
tive.  Best  results  are 
ined  with  concentra- 
;  of  Demerol  of  0.1% 
iss.  An  amorphous 
pitate  forms,  which  is 
sformed  on  standing  to 
:  rosettes,  the  arms  of 
h  are  very  fine,  wavy 
ents  (Figure  1,  upper 

the  reaction  drop  is 
id  immediately  after 
addition  of  the  solu- 
s,  X-shaped  crystals 
(Figure  1,  upper  right), 
l  higher  concentrations 
•emerol,  both  forms  of 
tals  may  be  found  in 
same  test  drop  after 
idling. 

I  the  Demerol  is  dis- 
d  in  0.1  N  hydro- 
ric  acid  instead  of 
:r,  no  X-shaped  crys- 
I  will  form,  even  on 
tching.  Instead,  there 
formed,  in  addition  to 
ites,  long,  very  fine, 
les.  Addition  of  a 
y  small  amount  of 
lm  bicarbonate  to  the 
ierol  solution  promotes 
formation  of  X’s;  if 


Figure  2.  Upper  Left.  Demerol-Sodium  Nitroprus¬ 
side  Crystals.  Upper  Right.  Demerol-Sodium 
Nitroprusside  Crystals,  Scratched.  Lower.  Demerol- 
Potassium  Dichromate  Crystals 


3r  amounts  of  sodium  bicarbonate  are  used,  some  crystals  of  this  type 
form  even  in  the  undisturbed  drop. 

bad  Iodide,  prepared  by  the  method  of  Wagenaar  (7).  Add  to  a  1  to  3 
lous  potassium  acetate  solution  a  drop  of  methyl  red  indicator,  then 
ic  acid  until  the  yellow7  color  changes  to  light  brown.  Saturate  with 
iodide  while  warming  gently,  cool,  and  filter. 

rith  a  0.1%  solution  of  Demerol,  an  amorphous  precipitate  forms, 
lging  to  rosettes,  the  arms  of  wrhich  broaden  on  standing  to  form  long 
plates  (Figure  1,  lower  left).  The  rosettes  lie  in  a  horizontal  plane, 
overlie  other  rosettes  lying  in  different  planes. 

|  the  test  drop  is  scratched,  short  flat  rods  which  look  like  the  arms  of 
rosettes  form  along  the  scratch  proper,  w7hile  throughout  the  drop  the 
e  types  of  rosettes  as  in  the  undisturbed  test  drop  crystallize  quickly. 
odium  Nitroprusside,  5%  aqueous  solution. 

ith  a  1%  solution  of  Demerol,  an  amorphous  precipitate  forms, 
aging  to  long  coarse  bladelike  plates,  both  individual  and  twinned 
;ure  2,  upper  left).  With  solutions  of  lower  concentration,  no  amor- 
us  precipitate  forms  initially;  the  crystals  slowly  form  from  the  edge 
he  drop. 

the  test  drop  is  scratched,  small  very  distinct  hexagonal  prisms  are 
tied  (Figure  2,  upper  right).  Concentrations  of  0.2  to  1%  Demerol  are 
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If  the  test  drop  is  allowed  to  stand,  very  long  needles,  both 
individual  and  in  sheaves,  form  (Figure  3,  left).  Crystal  forma¬ 
tion  in  the  undisturbed  drop  is  slow  with  low  concentrations  of 
Demerol  and  of  potassium  iodide. 

If  the  test  drop  is  scratched,  the  resultant  crystals  are  short 
blunt  rods,  sometimes  twinned  (Figure  3,  right).  These  crystals 
are  characterized  by  their  high  refractivity  and  by  their  pro¬ 
nounced  uniformity  in  length. 


It  is  probable  that  crystals  well  suited  for  purposes  of  identi¬ 
fication  would  be  obtained  with  other  alkaloidal  reagents.  The 
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Figure  3. 

Left.  Demerol-Potass 

Iodide  Crystals. 

Right.  Demerol-Potass 

Iodide  Crystals,  Scratc 


reagents  used,  however, 
common,  and  the  ab 
descriptions  provide  » 
quate  data  for  the 
equivocal  identification 
Demerol. 
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Semimicrosaponification  of  Esters 

JOHN  MITCHELL,  Jr.,  D.  M.  SMITH,  and  FLORENCE  S.  MONEY 
Ammonia  Department  of  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Wilmington,  Del. 


A  general  semimicroprocedure  for  the  saponification  of  esters, 
based  on  saponification  with  2  N  sodium  hydroxide  in  a  closed 
system,  is  described.  The  technique  is  readily  adapted  to  routine 
analysis.  A  study  of  steric  hindrance  has  given  a  measure  of  the 
limitations  of  the  method  and  permitted  the  development  of  rela¬ 
tively  mild  conditions  for  a  wide  variety  of  esters,  thereby  minimizing 
the  interference  of  other  active  organic  functional  groups. 

THE  saponification  of  esters  as  an  analytical  method  has  been 
studied  primarily  in  the  chemistry  of  fats  and  waxes  ( 1 ,  5,  6). 
These  drastic  techniques,  designed  for  the  analysis  of  difficultly 
hydrolyzed  esters,  are  not  required  for  a  large  number  of  the  car¬ 
boxylic  esters.  Redeman  and  Lucas  (4)  modified  the  general 
analysis  of  esters  by  employing  a  closed  system  at  temperatures 
ranging  from  70°  to  130°  C.  Bryant  and  Smith  (2),  while  study¬ 
ing  the  effect  of  structure  on  saponification,  developed  a  simpli¬ 
fied  procedure  for  the  analysis  of  esters  of  widely  varying  struc¬ 
ture.  In  their  method,  saponification  is  carried  out  in  a  closed 
flask  using  an  excess  of  2  N  sodium  hydroxide  in  90%  methanol. 

This  basic  saponification  medium  has  been  retained  in  the 
semimicrotechnique.  When  applied  to  routine  analysis,  it  has 
effected  a  considerable  saving  in  reagents,  amount  of  sample  used 
and  space  required  for  apparatus.  In  the  present  paper,  also,  a 


series  of  esters  has  been  studied  in  order  to  determine  conditic 
sufficiently  mild  to  effect  quantitative  hydrolysis  of  the  esh 
while  minimizing  the  interference  of  aldehydes  and  keton 
The  investigation  included  a  study  of  relative  activity  of  t 
esters  at  60°  C.  in  an  alcoholic  environment  and  at  room  tei 
perature  in  50%  aqueous  medium. 

The  presence  of  alkyl  side  chains  near  the  ester  groups  is  kno\ 
to  retard  saponification.  At  the  higher  temperature  a-alkyl  hi 
drance  in  the  acid  radical  was  particularly  marked  between  t 
a-methyl-substituted  butyl  and  amyl  esters.  At  room  tempei 
ture  this  effect  was  noticeable  even  in  the  simplest  esters. 

EXPERIMENTAL 

Reagents.  Alcoholic  2  N  sodium  hydroxide  is  prepared  1 
dissolving  80  grams  of  c.p.  sodium  hydroxide  and  100  ml.  of  di 
tilled  water  in  sufficient  Du  Pont  synthetic  methanol  to  make 
liter  of  solution. 

Standard  0.2  N  hydrochloric  acid  is  prepared  by  diluting  19 
ml.  of  concentrated  hydrochloric  acid  to  1  liter  with  distilh 
water. 

Apparatus.  A  precise  vacuum  filling  pipet  (Figure  1) 
used  to  deliver  reproducible  volumes  of  the  2  N  caustic,  which 
stored  in  the  1-liter  reservoir.  The  apparatus  is  protected  wi 
soda  lime  at  all  outlets. 

The  10-ml.  buret  (Figure  2)  is  used  to  deliver  accurately  tl 
standardized  acid  during  back-titration.  (These  items  were  ma< 
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0  ML. 


5  ML. 


/  5-10  ML. 
(GRADUATED 
V  IN  0.01  ML. 


012  6  10  CM. 

LlJ _ L _ I 


Figure  1.  Delivery  Pipet 


Microburet 

to  the  authors’  specifications 
by  Eek  and  Krebs,  131  West 
Hi  '  24th  St.,  New  York,  N.  Y.) 

j  A  convenient  water  bath 

(  Figure  3) ,  initially  de¬ 
scribed  in  an  earlier  publica¬ 
tion  (7),  has  been  converted 
to  a  thermostatically  con¬ 
trolled  unit.  Equipped  with 
ur  H.  Thomas  Co.  60-cm.  (24-inch)  clamp-bars  and  No. 
G,  size  3C,  micro-spring-grip  clamps,  one  bath  will  accom- 
ite  up  to  twenty  25-ml.  or  50-ml.  flasks,  simultaneously. 
ialytical  Procedure.  A  2-ml.  portion  of  the  2  N  caustic 
ion  is  delivered  from  the  vacuum  filling  delivery  pipet  into 
-ml.  glass-stoppered  volumetric  flask.  Then  the  sample, 
uning  up  to  2  milliequivalents  of  ester,  is  added  or  weighed 
ithe  flask.  In  the  general  analysis  the  final  concentration  of 
lim  hydroxide  should  not  be  less  than  1  N.  This  limits  to  2 
..he  total  volume  of  sample  or  sample  plus  diluent.  The 
I  together  with  a  blank,  is  placed  in  a  water  bath  at  60°  =*= 


Table  II.  Saponification  of  Esters  in  30  Minutes  at  Room 
Temperature 


Ester 

Methylaeetate 

Ethylacetate 

Monoacetin 

Isopropylacetate 

Diacetin 

Ethylpropionate 

Triacetin 

Isobutylacetate 

<er(-Butylacetate 

Ethyl-n-butyrate 

Ethylisobutyrate 

Met.hyl-n-valerate 

Methyl-n-caproate 

Ethyl-2-methylbutanoate 

Methyl-2-methylpentanoate 

Ethyltiglate 

Isobutyl-n-butyrate 

Isobutylisobutyrate 

Ethylethylmalonate 

Ethyladipate 

n-Amyl-n-caproate 

Cyclohexylacetate 

Cyclohexylisobutyrate 

Ethylphenylacetate 

n-Butylphthalate 

Benzylbenzoate 


Per  Cent  Saponified 


2  N  NaOH  in 

2  -V  aqueous 

90%  CHiOH 

NaO  H 

91.5 

100.0 

94.0 

100.0 

100.0 

91.0 

99.5 

100.0 

91.5 

100.0 

100.0 

95.0 

100.0 

76.0 

99.5 

69.5 

100.0 

•'  100.0 

84.5 
50.0 
40.0 
98.0 

34.5 
50.0 
92.0 

100.0 

5 . 0 
100.0 

6.0 

100.0 

6.0 

7.5 

Figure  3.  Constant-Temperature  Water  Bath 


Table  1. 

Analytical  Data 

for  Esters 

No.  of 

Found,  Weight  % 

Ester 

Determination^ 

Semimicro 

Mac 

,lacetate° 

2 

99.0  ±0.0 

acetate^ 

2 

98.7  ±0.2 

acetin  c 

2 

105.6  ±0.3 

ipylacetate 

2 

98.8  ±0.0 

tinc 

2 

92.3  ±0.2 

propionate 

6 

99.7  ±  0.2 

99 

itin 

2 

99.2  ±0.1 

ylacetate 

10 

98.8  ±0.2 

98 

ylacetate 

2 

97.0  ±0.1 

itylacetate<l 

2 

98.3  ±0.2 

'i-butyrate 

2 

100.2  ±0.0 

sobutyrate 

2 

97.9  ±0.2 

1-n-valerate 

4 

98.8  ±0.2 

99 

I-n-caproate 

2 

98.8  ±0.2 

•1-2-methylpentanoate 

'  2 

67.3  ±0.0 

iglate  e 

2 

100.0  ±0.0 

2-methylbutanoate e 

2 

92.3  ±0.0 

yl-n-butyrate 

4 

98.5  ±0.2 

98 

ylisobutyrate 

2 

99.7  ±0.1 

idipate 

6 

99.2  ±0.1 

99 

“thylmalonate 

2 

92.8  ±0.1 

•1-n-caproate 

2 

93.2  ±0.2 

yladipate e 

4 

100.2  ±0.1 

100 

lexylacetate 

2 

100.2  ±0.2 

lexylisobutyrate* 

4 

97.9  ±0.2 

lexyladipate 

4 

99.9  ±0.2 

100 

Jhenylacetate/ 

2 

99.7  ±01 

.lphthalate 

2 

98.5  ±0  0 

Ibenzoate 

4 

100.1  ±  0.1 

irbide  and  Carbon  Chemical.  &  J.  T.  Baker.  c  Eimer  &  Amend, 
ared  from  ferl-butanol  and  acetyl  chloride  in  presence  of  pyridine 
’  Prepared  from  corresponding  acid  and  alcohol.  I  Newport  Chemi- 
>rks.  All  others  Eastman  chemicals. 

- - - - - 


1°  C.,  loosening  the  stopper  momentarily  to  allow  for  expansion 
of  included  air.  Then  the  flask  is  stoppered  firmly,  heated  for 
30  minutes,  removed  from  the  bath,  and  cooled  in  ice  water. 
Excess  alkali  is  determined  by  back-titration  with  the  standard¬ 
ized  0.2  N  hydrochloric  acid  to  the  phenolphthalein  end  point. 

RESULTS 

Analytical  results  obtained  on  twenty-nine  widely  different 
esters  are  given  in  Table  I,  together  with  some  comparative 
macro  values  (2).  Except  where  noted  the  trade  products  were 
used  without  further  purification.  In  general,  the  precision  and 
accuracy  are  each  about  ±0.2%. 

Interference  due  to  a-alkyl  substitution  was  noticed  first  with 
ethyl-2-methyl  butanoate  and  ethylethylmalonate.  However, 
the  next  higher  homolog,  methyl-2-methylpentanoate,  reacted 
only  to  the  extent  of  67%,  a  decrease  of  about  25%.  By  increas¬ 
ing  the  temperature  to  100°  C.  and  heating  for  2  hours  the  ethyl¬ 
ethylmalonate  and  ethyl-2-methylbutanoate  were  saponified 
quantitatively,  while  the  methyl-2-methylpentanoate  was  95% 
complete. 

The  presence  of  water  in  the  sodium  hydroxide  solution  is  de¬ 
sirable  for  saponification  in  alcoholic  reagent  (3).  In  the  general 
analysis,  however,  water  in  excess  of  10%  decreases  the  solvent 
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action  of  the  methanol.  These  factors  were  verified  during  30- 
minute  room  temperature  studies,  where  the  ester  in  methanol 
solution  was  added  in  2-ml.  portions  either  to  2  ml.  of  2  N  sodium 
hydroxide  in  90%  methanol  or  to  2  ml.  of  2  N  aqueous  caustic. 
In  the  one  case  this  represented  essentially  alcoholic  environment 
and  in  the  other  about  a  50%  aqueous  medium.  Results  obtained 
on  several  esters  are  given  in  Table  II. 

A  comparison  of  results  from  the  two  reagents  definitely  proves 
the  beneficial  effect  of  water.  In  the  alcoholic  environment 
saponification  was  incomplete,  even  with  the  simplest  esters. 
In  the  aqueous  alcoholic  medium,  however,  saponification  was 
complete  for  most  of  the  normal  lower  esters.  ter(-Butyl  acetate 
showed  the  first  marked  evidence  of  side-chain  interference  in  the 


aqueous  medium,  while  methyl- w-caproate  represented  the 
normal  ester  not  completely  soluble  in  the  mixture. 
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Modifications  of  Apparatus  for  Deuterium  Oxide 
Determination  by  the  Falling  Drop 

E.  S.  FETCHER,  Jr.1,  Department  of  Physiology,  University  of  Minnesota,  Minneapolis,  Minn. 


THIS  note  outlines  modifications  of  the  apparatus  described 
by  Keston,  Rittenberg,  and  Schoenheimer  (2)  which  permit 
greater  speed  of  deuterium  oxide  analysis. 


Two  distillation  trains  are  used  (see  diagram),  the  components 
of  which  are  more  readily  cleaned  and  more  interchangeable  than 
those  of  Keston  et  al.  The  distillation  trains  are  supported 
rigidly  only  at  positions  i.  Where  many  determinations  are  to 
be  made,  the  following  glassware  will  be  found  sufficient:  10 
tubes  a;  3  each  of  tubes  b  and  c;  2  each  of  tubes  d  and  g;  14 
plugs  e;  and  6  weighing  bottles  /.  Tubes  g  with  weighing  bottles 
can  be  attached  to  tube  a2  in  place  of  the  plug  when  the  sample 
contains  no  organic  material  and  combustion  is  unnecessary. 
The  outlet  of  the  combustion  furnace  is  adapted  to  fit  the  a 
tubes.  The  sample,  with  barium  carbonate,  is  boiled  for  a  few 
moments  before  the  pressure  is  reduced,  to  eliminate  bumping. 
Calcium  oxide  is  used  in  tube  b  in  place  of  potassium  hydroxide 
and  chromic  oxide  to  eliminate  replaceable  H+.  As  condensing 
medium  an  ice-saturated  calcium  chloride  bath  is  convenient,  in¬ 
expensive,  and  entirely  satisfactory. 


1  Present  address,  Equipment  Laboratory,  Engineering  Division,  Wright 
Field,  Dayton,  Ohio. 


An  accurate,  relatively  simple,  and  easy  to  use  microj 
can  be  made  from  a  microscope  mount  and  a  hypodermic  syri 
its  operation  is  entirely  mechanical.  The  outlet  of  a  1-cc.  ti 
culin  syringe  is  attached  rigidly  to  one  end  of  an  approprii 
bent  0.5-mm.  capillary;  the  other  end  of  the  capillary  is  di 
to  a  small  tip.  The  syringe  barrel  and  capillary  are  mou 
firmly  on  the  coarse-adjustment  housing  of  the  micros 
mount  in  such  a  way  that  motion  of  the  fine-adjustment  hoi 
is  not  interfered  with.  A  spring  is  slipped  over  the  lubrie 
plunger  of  the  syringe  before  it  is  inserted  into  the  barrel, 
plunger  is  actuated  by  a  precisely  threaded  pin  (from  an  i 
pensive  micrometer  caliper,  for  example).  The  threaded  si 
in  which  this  pin  turns  is  attached  to  the  fine-adjustment  hou 
Two  stops  allow  the  pin  to  be  turned  through  only  part  of  a  r 
lution.  The  capillary  and  syringe  are  filled,  under  vacuum, 
mercury.  The  coarse  adjustment  of  the  microscope  mount  p 
and  lowers  the  entire  pipet;  the  fine  adjustment  is  used  for  fi 
and  flushing  the  capillary;  rotation  of  the  threaded  pin  thr( 
its  prescribed  limits  defivers  the  droplet.  The  capillary  ma 
provided  with  a  removable  tip  for  easy  cleaning,  and  with  a : 
cury  reservoir. 

Extremely  vigorous  stirring  of  the  constant-temperature  I 
renders  the  maintenance  of  the  required  constancy  relati 
easy;  such  stirring  may  be  achii 
with  little  vibration  with  the  imp 
described  by  Hemingway  and  Shelley 
As  a  thermoregulator,  copper  tu 
filled  with  1,2-dibromomethane 
given  excellent  results;  1,2-dibro: 
•methane  has  a  low  specific  heat, 
thermal  conductivity,  and  high  exj 
sion  coefficient,  so  that  it  is  about  t 
as  effective  as  the  liquids  usually  i 
in  thermoregulators.  Ordinary  cem 
cannot  be  used  with  this  substanc 
attach  the  copper  tube  to  the  f 
thermoregulator  head;  it  shoult 
sealed  directly  to  the  copper,  or  the  £ 
tubing  can  be  inserted  into  a  cuj 
Wood’s  metal  surrounding  the  co] 
tube.  The  heater  element  used 
enameled  copper  wire  connected  to 
secondary"  (10  volts,  12  amperes)  < 
transformer;  this  element  has  air 
no  heat  lag.  A  mercury,  constant-! 
overflow  column  is  used  to  maintai 
constant  flow  of  cooling  water  thro 
the  bath. 
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Improved  Apparatus  for  Solubility  Determination 
or  for  Small-Scale  Recrystallization 

LYMAN  C.  CRAIG  and  OTTO  W.  POST 
Rockefeller  Institute  for  Medical  Research,  New  York,  N.  Y. 


VERAL  types  of  apparatus  useful  in  small-scale  recrystal- 
ization.  where  centrifuge  filtration  is  employed,  were 
•ibed  in  a  previous  publication  (1).  Since  then,  a  number  of 
fications  have  been  made  in  the  design  and,  in  view  of  the 
potential  use  of  such  devices,  a  description  of  the  improve- 
;s  would  appear  advisable. 

r  routine  fractional  recrystallization,  the  apparatus  shown  in 
re  1  is  easily  constructed,  and  is  considerably  superior  to  the 
previously  described. 


is  an  ordinary  test  tube,  100  mm.  long  and  12  mm.  wide, 
nade  from  a  smaller,  thin-walled  test  tube  70  or  80  mm.  long, 
iximately  8  mm.  wide,  and  weighing  between  2  and  3  grams, 
upper  half  is  widened  by  heating  in  the  flame  to  just  the 
rung  point  and  slowly  pushing  it  over  a  hot  carbon  rod  a 
|  over  8  mm.  in  diameter.  By  steadily  turning  the  tube  on 
pd,  a  very  uniform  shoulder  having  an  angle  of  about  45°  can 
)tained.  Another  test  tube  of  the  same  size  will  then  just 
y  pass  through  the  enlarged  part.  C  is  made 
:ating  a  test  tube  8  mm.  in  diameter  with  a 
rmly  round  bottom  at  a  point  about  15  mm. 
the  end  and  allowing  the  glass  to  collapse, 
t  enough  solid  glass  has  collected  at  this 
,  it  can  be  drawn  out  to  form  a  solid  rod  2 
5  mm.  in  diameter,  as  shown  in  Figure  1, 
ipproximately  60  mm.  long.  The  lower  end 
e  rod  can  be  enlarged  as  shown,  by  the  use 
flat  carbon  while  the  tip  is  molten.  This 
the  rod  more  strength  so  that  it  can  better 
tand  the  pressure  during  centrifuging.  The 
ined  weight  of  B  and  C  should  be  of  the 
of  4  to  6  grams.  D  is  a  larger  test  tube 
i  is  fitted  with  a  rubber  stopper  and  has 
In  on  the  bottom  at  E. 

actual  practice,  the  material  to  be  recrystal- 
is  placed  in  the  modified  test  tube,  B,  and 
on  is  achieved  with  a  minimum  volume  of 
jlvent.  The  apparatus  is  then  assembled  in 
;ition  the  reverse  of  that  shown  in  Figure  1, 

;ooled  to  the  optimum  temperature  for  crys- 
ition.  After  crystallization,  it  is  inverted  to 
losition  shown  and  centrifuged.  (A  speed  of 
Pximately  1500  in  a  No.  2  International  cen- 
;e  has  been  found  to  give  clear-cut  filtration 
ut  breakage  of  the  equipment.) 
e  crystals  are  caught  at  the  point  of  enlarge- 
of  test  tube  B,  since  there  is  just  enough 
.nee  between  C  and  the  shoulder  of  the  en- 
nent  of  B  to  allow  the  liquid  but  not  the 
ils  to  pass  through.  For  fine  crystals,  C  may 
ited  a  little  more  accurately  on  the  shoulder 
nding  with  rough  Carborundum,  as  described 
.  After  filtration,  the  inner  test  tube,  A ,  is  first 
red  and  held  at  an  angle  of  about  45°.  B  and 
then  be  removed  as  one  piece  by  grasping  the 
ed  end  of  B,  since  in  this  position  C  will  bind 
larger  part  of  B  and  will  not  fall  out. 


is  convenient  to  have  B  and  C  tared  to- 
r,  so  that  the  weight  lost  dining  crystal- 
>n,  the  wet  weight,  etc.,  can  be  obtained, 
filtration,  C  can  serve  as  a  stopper  to 
nt  the  entrance  of  extraneous  material 
g  storage  or  during  further  crystallizations 
lanipulations.  When  properly  seated  by 
ing,  the  unit  is  entirely  adaptable  to  solu- 
microdeterminations,  as  carried  out  by  Ing 
lergmann  (2)  and  more  recently  in  a  greatly 
>ved  way  by  Moore  and  Stein  (3). 


Fig.  3  Fig.  4 


A  slight  modification  in  the  design  adapts  the  apparatus  for 
use  with  much  larger  amounts  of  material.  This  is  done  by  en¬ 
larging  the  crystallization  part  of  B  by  blowing  it  larger  from  the 
same  test  tube,  as  shown  in  Figure  2,  or  otherwise  making  a  very 
thin-walled  bulb.  The  bulb  or  crystallization  part  in  this  case 
must  be  very  thin,  so  as  not  to  increase  the  total  weight  of  the 
crystallization  vessel  and  the  filter  stick  much  beyond  6  grams. 
Bulbs  holding  from  15  to  20  ml.  have  been  constructed  from  this 
weight  of  glass  and  successfully  used  by  starting  the  centrifuge 
a  little  more  slowly.  This  volume  permits  recrystallization  from 
10  to  15  ml.  of  solvent. 

For  small-scale  work,  sintered  filters  are  unquestionably  useful, 
both  for  suction  and  centrifuge  filtration,  but  are  not  always  easy 
to  clean,  and  this  gives  rise  to  a  reasonable  distrust  of  their 
reliability.  They  also  retain  appreciable  amounts  of  mother 
liquor,  and  complete  removal  of  the  crystals  from  the  rough 
surface  without  scratching  off  glass  particles  at 
the  same  time  is  generally  difficult.  An  attempt 
to  devise  an  all-glass  filtration  apparatus  free 
from  these  objections  has  met  with  success  in  the 
filter  shown  in  Figure  3,  which  is  an  improvement 
over  the  one  previously  described  ( 1 )  (Figure  2). 

A  is  a  glass  funnel  of  the  shape  indicated.  The 
narrow  part  of  the  funnel  is  made  from  glass  tub¬ 
ing  approximately  5  mm.  in  inside  diameter,  and 
is  approximately  15  mm.  long.  B  is  made  by 
stamping  out.  a  molten  glass  rod  or  tubing  with 
the  appropriate  carbon  surface,  so  that  it  is  ap¬ 
proximately  the  shape  shown  and  then  grinding 
it  to  fit  more  accurately.  The  narrow  part  of  fun¬ 
nel  A  acts  as  a  sleeve  to  hold  C  in  position,  so 
that  the  two  surfaces  at  C  may  be  ground  with 
120-mesh  Carborundum  just  to  the  point  where 
the  funnel,  when  in  position,  will  completely  re¬ 
move  fine  bone  black  from  an  aqueous  suspension. 

Such  filters,  properly  prepared,  give  surprisingly 
rapid  filtration  when  the  ground  surface  of  B  is 
not  too  long.  Therefore,  the  ground  edge  of  B 
at  the  point  C  is  rather  thin  (1  mm.  or  less). 
They  are  effective  even  with  the  finest  bone 
black.  They  may  readily  be  taken  apart  for 
cleaning  and  are  free  from  the  objections  of 
sintered  filters.  They  are  particularly  useful  for 
micro  work  and  allow  filters  of  very  small  di¬ 
ameter  to  be  constructed.  The  principle  involved 
is  fundamentally  the  same  as  that  with  sintered 
filters,  except  that  here  the  walls  of  the  pores  which 
effect  filtration  may  be  taken  apart  for  cleaning. 

For  solubility  determinations,  the  authors  have 
modified  the  excellent  apparatus  of  Moore  and 
Stein  (3),  as  shown  in  Figure  4,  for  use  with  this 
type  of  filter. 

Tube  A  is  exactly  as  described  (3),  except  that 
a  ground-glass  stopper  is  substituted  for  rubber. 
The  stopper  is  hollow  and  has  a  wide,  flat  top, 
so  that  the  inverted  tube  will  stand  on  the  stopper 
during  the  necessary  manipulation.  Two  small 
indentations  are  on  opposite  edges  of  the  flattened 
top  for  rubber  bands  to  hold  tube  in  the  equili¬ 
brating  apparatus.  The  inside  surface  of  the 
stopper  has  a  button  on  it  to  hold  the  flexible  wire 
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spring,  E,  which  in  turn  holds  the  filtration  apparatus  and  filter 
stick  in  place.  Flask  B  is  of  very  thin  glass,  for  its  rests  against 
the  filter  stick  to  hold  it  in  place  and  a  heavy  flask  would  break 
during  centrifugation.  Filter  C  is  as  described  above,  except  that 
the  lower  part  is  as  short  as  possible.  It  rests  on  a  soft  tin  collar, 


Using  this  assembly,  accurate  solubility  determinations  may 


be  made  with  organic  solvents  or  corrosive  solvents,  since  no 
ber  is  present  to  absorb  any  portion  of  the  solvent. 
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Semimicrodetermination  of  Arsenic  in  Insecticides 

MARK  D.  SNYDER  and  WALLACE  M.  McNABB 
Department  of  Chemistry  and  Chemical  Engineering,  University  of  Pennsylvania,  Philadelphia,  Pa. 


THE  procedure  presented  below  represents  an  extension  to 
insecticidal  arsenicals  of  the  method  recently  described  (4) 
for  the  semimicrodetermination  of  arsenic  in  organic  compounds, 
the  arsenic  being  precipitated  as  element  by  action  of  hypophos- 
phorous  acid  and  determined  iodometrically  with  the  aid  of  Kop- 
peschaar’s  bromide-bromate  solution.  This  method  is  believed 
to  be  applicable  to  any  properly  prepared  solution  of  arsenic  tree 
from  interfering  substances,  such  as  organic  material  or  metals 
precipitatable  by  hypophosphorous  acid.  It  was  found  that 
acid-soluble  arsenicals  (Paris  green,  lead  arsenate,  calcium  arse¬ 
nate)  could  be  analyzed  thus,  following  dissolution  of  the  samples 
in  aqueous  hydrochloric  acid. 

In  presence  of  organic  material,  a  preliminary  decomposition 
similar  to  that  described  for  the  analysis  of  organic  arsenicals 
{2,  4)  may  be  necessary.  This  was  the  case  with  the  commercial 
insecticide  currently  marketed  under  the  name  “Victory  76”, 
stated  to  contain  calcium  arsenate  together  with  sulfur,  nicotine, 
organic  compounds  with  carbon  contents  from  Cio  to  Ci8,  and  in¬ 
ert  material.  Decomposition  by  nitric  and  sulfuric  acids  (4) 
was  shown  to  be  a  suitable  preparation  for  the  determination  of 
arsenic  in  this  insecticide.  An  alternative  decomposition  by  bro¬ 
mine  was  found  to  be  more  rapid  and  to  lead  to  acceptable 
results,  but  is  judged  to  be  less  satisfactory  because  the  decom¬ 
position  liquid  contained  suspended  dark-colored  material,  pre¬ 
sumably  organic  bromination  products,  the  presence  of  which 
interfered  visually  at  the  time  the  arsenic  was  reduced  and 
precipitated. 

PROCEDURES 

Substances  Soluble  in  Hydrochloric  Acid.  Dissolve  a 
weighed  sample  (0.5  to  2  grams)  of  dried  material  in  a  minimal 
volume  of  6  N  to  12  N  hydrochloric  acid,  transfer  the  solution  to  a 
500  ml.  volumetric  flask,  and  dilute  to  the  mark.  Transfer  an  ali¬ 
quot  portion  containing  about  15  mg.  of  arsenic  to  the  flask  of  an 
all-glass  decomposition  apparatus  with  reflux  tube,  such  as  that  de¬ 
scribed  for  use  in  the  determination  of  arsenic  or  mercury  in  or¬ 
ganic  compounds  ( 3 ,  4)-  If  a  sufficiently  sensitive  balance  is 
available — e.g.,  a  semimicrobalance — weigh  out  the  whole 
sample,  of  such  size  as  to  contain  about  15  mg.  of  arsenic,  and 
dissolve  in  hydrochloric  acid.  To  the  solution  in  the  flask  add 
and  dissolve  rapidly  3  grams  of  sodium  hypophosphite  (NaH2P02.- 
H20),  and  then  add  concentrated  hydrochloric  acid  sufficient  to 
increase  the  acid  concentration  to  about  6  N.  Attach  the  con¬ 
denser  and  heat  the  flask  with  a  small  flame,  completing  the  analy¬ 
sis  as  described  (4). 

Arsenical  Mixtures  Containing  Organic  Matter.  De¬ 
composition  by  Nitric  and  Sulfuric  Acids  ( recommended  procedure). 
Weigh  accurately  a  sample  of  suitable  size  (to  contain  about  15 
mg.  of  arsenic;  0.5  gram  of  Victory  76)  and  transfer  to  the  de¬ 
composition  flask.  Add  25  ml.  of  concentrated  nitric  acid  and 
warm  the  mixture  for  several  minutes.  Add  20  ml.  of  concen¬ 
trated  sulfuric  acid,  evaporate  the  mixture  to  fumes,  then  add 
more  nitric  acid  and  again  evaporate  to  fumes.  Allow  the  liquid  to 
cool  partially  and  introduce  1  gram  of  ammonium  sulfate.  When 
evolution  of  gas  ceases,  heat  the  liquid  gently  for  5  minutes. 
Cool,  add  about  50  ml.  of  water,  and  heat  until  the  solution 
clears  or  is  slightly  opalescent.  Add  35  ml.  of  concentrated  hydro¬ 


chloric  acid,  then  3  grams  of  sodium  hypophospite,  and  cont 
as  described  {j). 

Decomposition  of  Victory  76  by  Bromine.  Transfer  wei 
sample  to  the  decomposition  flask,  add  2  ml.  of  liquid  bron 
and  swirl  the  mixture  for  about  5  minutes.  Add  50  ml.  of 
hydrochloric  acid  and  heat  moderately  until  nearly  all  the  e: 
bromine  is  expelled  (hood).  To  the  cooled  solution  add  1( 
of  concentrated  hydrochloric  acid  and  3  grams  of  sodium 
pophosphite,  and  complete  the  analysis  as  indicated  above. 

RESULTS 

Analytical  results  for  the  four  materials  mentioned  are 
sented  in  Table  I,  which  includes  also  comparative  results 
tained  by  the  familiar  distillation  procedure  (1)  selected  a 
umpire  method. 

Discussion.  Results  by  the  reduction  method  show  s 
factory  levels  of  precision  and  accuracy,  and  are  substant 
identical  with  results  by  the  distillation  method.  The  redui 
procedure  is  the  more  rapid,  requiring  about  40  minutes  (e: 
sive  of  any  needed  preliminary  decomposition),  as  compared 
the  2  to  3  hours  required  for  the  distillation  procedure. 


Table  1. 

Determination  of  Arsenic  in  Some  Insecticides 

Arsenic  Found 

Material 

Reduction  method 

Distillation  met! 

% 

% 

Paris  green 

42.81 

42.75 

42.77 

42.72 

Av.  42.79 

42.57 
Av.  42.68 

Lead  arsenate 

20.25 

20.23 

20.18 

20.27 

20.15 

20.30 

Av.  20.19 

Av.  20.27 

Calcium  arsenate  26.65 

26.84 

26.72 

26.77 

26.73 

Av.  26.70 

Av.  26.81 

Victory  76 

HNO3—  H2SO4  Bromine 

insecticide 

decomposition  decomposition 

3.57  3.64 

3.62° 

3.50  3.55 

3.57° 

3.60  3.60 

Av.  3.56  3.59 

Av.  3.60 

a  Preliminary  decomposition  by  HNOs-HsSCh. 
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A  Vacuum  Stopcock  Lubricant  Unaffected  by  Hydrocarbons 

W.  H.  PEARLSON 

School  of  Chemistry  and  Physics,  The  Pennsylvania  State  College,  State  College,  Pa. 


ESPITE  the  frequent  need  in  vacuum  work  for  a  stopcock 
lubricant  that  is  unaffected  by  hydrocarbons,  an  inexpen- 
,  readily  prepared  lubricant  does  not  seem  to  be  described  in 
literature.  The  glycol  citrate  polymer  of  Sager  ( 1 )  is  satis- 
ory  towards  hydrocarbons,  but  its  viscosity  characteristics 
fce  it  unsuitable  for  vacuum  work.  After  a  few  hours  the  lubri- 
t  flows  out  of  the  ground  surfaces,  and  rapid  leakage  results, 
m  analogy  with  the  common  rubber-paraffin  lubricant,  it  ap- 
Gred  that  a  high-molecular-weight  filler  might  add  sufficient 
y  to  overcome  this  difficulty.  The  addition  of  cellulose  ace- 
to  the  glycol  ester  produced  a  lubricant  that  is  quite  unaf- 
ed  by  hydrocarbons  and  that  permitted  the  maintenance  of  a 
aum  of  10“ 4  mm.  of  mercury  after  more  than  6  months’  use. 

solution  of  cellulose  acetate  was  prepared  by  heating  7.5 
ns  of  Celanese,  cut  into  small  pieces,  in  45  grams  of  tetra- 


ethylene  glycol.  After  4  hours  at  140°  C.,  with  frequent  stirring, 
the  solution  appeared  homogeneous.  Citric  acid  (30  grams)  was 
heated  on  an  oil  bath  to  190°  and  the  cellulose  acetate  solution 
added.  Heating  was  continued  at  180-190°  C.  for  90  minutes. 

In  order  to  remove  dissolved  water,  the  solution  was  immedi¬ 
ately  poured  into  a  previously  heated  glass  jar  in  a  desiccator 
and  the  desiccator  evacuated  as  rapidly  as  foaming  permitted. 
The  dehydration  has  little  effect  on  the  final  consistency. 

Stopcocks  lubricated  with  this  material  showed  no  signs  of 
failure  after  6  months  in  contact  with  liquid  toluene,  repeated 
evacuation,  and  frequent  turning.  No  changes  in  the  properties 
of  the  lubricant  were  observed  after  storage  in  a  closed  jar  for  a 
year. 
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Stopcock  Lubricants  for  Use  with  Orsanic  Vapors 

I.  E.  PUDDINGTON 

Division  of  Chemistry,  National  Research  Laboratories,  Ottawa,  Canada 


?CIPES  for  lubricants  which  are  insoluble  in  most  organic 
solvents  have  been  suggested  (1-4).  Generally,  glycerol 
been  used  as  a  base  while  bentonite,  dextrin,  or  dextrin 
mannitol  serve  as  thickening  agents.  While  these  un- 
btedly  behave  well  under  ordinary  conditions,  sometimes 
use  of  such  a  lubricant  is  required  in  a  low-pressure  system, 
re  conditions  are  more  exacting.  Both  bentonite  and 
rin  are  difficult  to  dehydrate  and  dextrin  is  very  apt  to  de¬ 
pose  when  heated  to  the  temperature  necessary  to  disperse 
noroughly  in  glycerol.  This  is  undesirable,  since  water  is 
of  the  decomposition  products,  and  while  the  vapor  pressure 
nhydrous  glycerol  is  about  4  X  10“ 4  mm.  of  mercury  at 
C.,  it  rises  to  0.4  mm.  when  it  contains  2%  water.  This 
ns  that  in  order  to  obtain  low  pressures,  long  pumping  times 
lecessary. 

i>  an  attempt  to  obviate  this  difficulty  several  other  thickening 
its  were  tried.  The  most  successful  were  combinations  of 
nitol  or  crystalline  carbohydrates  such  as  sucrose  with 
vinyl  alcohol  of  medium  viscosity.  The  polyvinyl  alcohol 
if  made  a  good  thickening  agent,  but  the  extra  material  was 
lired  to  give  the  necessary  film  strength  for  lubrication. 

jfore  making  up,  all  materials  were  dried  in  vacuo  at  70° 
'0°  C.  This  treatment  concentrated  glycerol  from  94% 
otter  than  99%  in  about  4  hours  and  a  McLeod  gage  on  the 
■m  showed  a  pressure  of  10 “4  mm. 

■rhaps  the  most  successful  lubricant  contained  1  to  3%  of  me- 
i  viscosity  polyvinyl  alcohol  and  15  to  20%  of  mannitol,  in 
erol.  After  the  ingredients  had  been  pasted  in  the  cold, 
mixture  was  carefully  heated  to  about  130°  C.  and  held 


there  with  continuous  stirring  until  the  dispersion  was  uniform 
and  complete.  Stirring,  when  crystals  first  appeared  after  the 
mix  cooled,  was  beneficial  in  keeping  the  mannitol  finely  divided. 
Although  the  product  was  rather  dry  in  appearance,  it  behaved 
well  after  repeated  turning  of  the  stopcock. 

The  mannitol  may  be  replaced  with  about  40%  of  sucrose. 
This  preparation  behaves  well  without  the  polyvinyl  alcohol. 
Sucrose  crystals  will  usually  appear  in  the  supersaturated  solu¬ 
tion  after  about  two  days’  standing,  and  stirring  for  a  short 
time  will  keep  them  in  a  fine  state  of  division. 

With  either  of  these  lubricants  no  difficulty  was  experienced 
in  obtaining  and  holding  a  McLeod  gage  pressure  of  10“ 6  mm. 
They  have  been  used  successfully  in  systems  containing  ethyl 
ether  vapors.  Stopcocks  did  not  have  to  be  regreased  more 
frequently  than  when  normal  hydrocarbon  greases  are  used  with 
inert  vapors. 

Another  possible  base  for  this  type  of  lubricant,  which  could 
be  used  in  the  presence  of  paraffin  hydrocarbons,  is  triethanol¬ 
amine.  This  material  has  a  lower  vapor  pressure  than  glycerol 
(7  X  10“6  mm.  at  25°  C.)  and  the  absorption  of  paraffin  hydro¬ 
carbon  vapors  is  about  the  same.  In  general,  the  same  thickening 
agents  can  be  used,  but  more  care  must  be  exbrcised  to  get  the 
crystals  in  a  sufficiently  fine  state  of  division. 

Table  I  shows  the  comparative  absorption  of  some  organic 
vapors  by  anhydrous  glycerol  and  triethanolamine,  when  a  2- 
gram  sample  with  a  surface  area  of  4.8  sq.  cm.  was  exposed  26 
hours  at  room  temperature  in  a  sealed  jar  containing  the  liquid 
organic  solvent.  The  finished  lubricants  might  be  expected  to 
absorb  considerably  less,  since  they  are  already  saturated  with 
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Tabic  I.  Absorption  of  Organic  Vapors 


Solvent 

Glycerol 

Triethanolamine 

Mg. 

Mg. 

Ethyl  alcohol 

300 

330 

Acetone 

205 

540 

Ethyl  ether 

60 

136 

Carbon  tetrachloride 

17 

55 

Benzene 

15 

80 

Petroleum  ether  (30—60) 

5 

5 

Glycerol  Base 

Apiezon  M 

Ethyl  alcohol 

200 

2 

Acetone 

125 

20 

Ethyl  ether 

40 

160 

Carbon  tetrachloride 

9 

940 

Benzene 

9 

410 

Petroleum  ether  (30—60) 

2 

300 

the  thickening  agent  and  their  viscosity  is  considerably  in¬ 
creased. 

The  results  of  a  comparison  of  the  glycerol-base  lubricant  with 
a  standard  commercial  stopcock  grease,  Apiezon  M,  are  also 
shown  in  Table  I.  The  vapors  were  absorbed  here  by  a  1-gram 
sample:  otherwise  the  experimental  conditions  were  identical 


with  those  already  described.  The  solvents  used  in  ma 
these  experiments  were  chosen  to  cover  a  wide  range  of  poh 
and  no  attempt  was  made  to  collect  compounds  to  which  glyc 
was  resistant.  The  lubricant  is  useless  with  lower  alcohols 
ketones  where  excellent  protection  is  afforded  by  the  Apiezor 
It  would  probably  be  of  value,  however,  with  the  hij 
members  of  these  families  where  the  solubilities  in  hydrocarl 
become  large. 

The  tests  described  were  severe,  since  the  area  exposed  to 
vapor  is  many  times  that  obtained  -with  an  ordinary  stopcoc 
ground-glass  joint.  The  effect  of  fifty  liquid  solvents  on 
type  of  lubricant  has  been  recorded  (4).  The  absorption  res 
here  are  in  good  agreement. 
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Determination  of  Phthalate 

STERLING  B.  SMITH  and  JOHN  F.  STREMPFER 
Trinity  College,  Hartford,  Conn. 


NUMEROUS  ternary'  systems  involving  phthalates  have  been 
investigated  in  this  laboratory  during  the  past  20  years. 
The  analytical  procedure  for  the  determination  of  phthalate  has 
necessarily  been  an  indirect  one,  since  no  direct  method  known 
to  the  authors  is  satisfactory'  in  aqueous  solution. 

Kappelmeier  (S)  determined  phthalate  in  alkyd  resins  by  the 
precipitation  of  potassium  phthalate  containing  one  molecule  of 
alcohol  of  crystallization.  This  precipitation  is  carried  out  in 
benzene  or  in  anhydrous  alcohol-ether  solution  and  is  not  appli¬ 
cable  to  aqueous  solutions.  Fonrobert  and  Muenchmeyer  (2) 
determined  phthalate  in  varnish  and  Thames  U)  in  plasticizers  by 
precipitation  of  lead  phthalate  with  lead  acetate  and  conversion 
of  this  precipitate  into  lead  sulfate  which  was  weighed. 

Zombory  (5)  found  that  lead  could  be  determined  gravimetri- 
cally  by  precipitation  as  lead  phthalate  in  alcoholic  solution.  It 
was  felt  that  possibly  this  procedure  could  be  reversed  and  phthal- 
ate  be  determined  byr  adding  lead  as  the  precipitating  reagent. 
A  ith  this  thought  in  mind,  this  investigation  was  undertaken. 

Solubilities  of  lead  phthalate  in  water  and  in  various  concentra¬ 
tions  of  alcohol  were  determined  at  various  temperatures.  It 
was  found  that  at  25°  C.  the  solubility  of  lead  phthalate  in  33% 
alcohol  by  volume  is  2  mg.  per  100  cc.  of  solution.  The  solubility 
does  not  decrease  appreciably  in  higher  concentrations  of  alcohol. 

Both  lead  nitrate  and  lead  acetate  were  independently  used  as 
precipitating  agents,  the  former  giving  low  results  and  the  latter 
high  results. 

It  is  apparent  that  when  lead  nitrate  is  used  as  the  precipitating 
agent,  nitric  acid  is  one  of  the  by-products.  The  resulting  solu¬ 
tion  is  therefore  acidic,  accounting  for  the  increased  solubility  of 
the  lead  phthalate  which  is  a  salt  of  a  weak  acid  and  consequently 
soluble  in  a  strong  acid. 

An  investigation  was  therefore  made  to  find  the  optimum  pH 
for  precipitation.  A  solution  made  up  of  lead  nitrate  and  excess 
sodium  phthalate  in  33%  alcohol  by  volume  as  used  by  Zombory 
(6),  showed  a  pH  of  7.6  using  the  glass  electrode.  Determina¬ 
tions  were  then  made  using  sodium  phthalate  and  a  calculated 
excess  of  lead  nitrate  in  alcoholic  solution  of  the  same  strength  but 
with  varying  acid  concentrations.  From  pH  2.8  to  6.4  low 
results  were  obtained.  Above  6.4  high  results  were  obtained. 


This  is  explained  by  the  solubility  of  lead  phthalate  in  acid  s< 
tion  and  the  precipitation  of  lead  hydroxide  as  the  alkalinity 
creases.  This  latter  fact  was  substantiated  by  determining  t 
lead  hydroxide  starts  to  precipitate  from  alcoholic  solutions  w 
the  pH  reaches  5.1.  Britton  (1)  found  that  lead  hydroxide  coi 
out  of  aqueous  solution  at  a  pH  of  about  6. 

It  is  evident  that  the  optimum  pH  value  at  which  phthal 
should  be  determined  overlaps  the  pH  value  at  which  lead  i 
droxide  forms.  One  cannot  hope  to  make  these  two  en 
self-compensating,  since  excess  lead  nitrate  will  be  present 
varying  amounts  in  determinations  of  phthalates  in  unknc 
solutions. 

It  seemed  that  by  using  lead  acetate  as  the  precipitating  ag 
in  place  of  lead  nitrate,  the  by-product  of  the  reaction  would 
the  weak  acetic  acid  and  better  results  might  be  obtained, 
new  difficulty  was  encountered  here,  since  the  precipitate  c-a 
down  very  finely  divided  and  did  not  settle  out  upon  standi 
rendering  filtration  and  washing  virtually  impossible. 

A  few  determinations  were  completed  by  making  the  preci 
tation  in  aqueous  solution  and  boiling  the  mixture  before 
addition  of  alcohol.  After  standing,  the  mixture  was  cen 
fuged  and  the  precipitate  washed  and  weighed.  All  the  vali 
obtained  were  high  and  the  magnitude  of  the  errors  was  not  c< 
sistent.  This  is  believed  to  be  due  to  the  contamination  of  i 
precipitate  with  varying  amounts  of  basic  lead  acetate. 

The  evidence  indicates  that  phthalate  cannot  be  determii 
directly  by  the  addition  of  lead  nitrate  or  acetate  to  aqueous  so 
tions  containing  phthalate  ion. 
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Stability  of  Wijs  Solution  for  Iodine  Number  Determinations 

FRANK  A.  NORRIS  AND  ROBERT  J.  BUSWELL,  General  Mills,  Inc.,  Minneapolis,  Minn. 


THE  Wijs  solution  is  probably  the  most  satisfactory  for 
Igeneral  use  in  determining  iodine  numbers.  Its  more 
i  espread  utilization  is  hindered  mainly  by  its  supposed 
liculty  of  preparation  and  short  life.  The  first  objection  is 
idly  valid  if  chlorine  is  available  and  if  the  analyst  is  reasonably 
;i3ful.  The  short  life  would  appear  to  be  a  much  more  serious 
flection,  since  three  standard  references  on  fat  analytical 
[  :hods  specifically  caution  against  using  this  solution  when  it 
saore  than  30  days  old  (/,  2,  4).  However,  Hilditch  (3)  does 
i'  accept  this  view,  and  Wijs  himself  (.5)  claims  indefinite  stability 
c  the  reagent.  Previous  experience  by  one  of  the  present 
nhors  is  in  agreement  with  the  two  last-named  investigators. 

'ince  a  decision  on  the  stability  of  Wijs  solution  was  con- 
ijn'ed  necessary  in  connection  with  some  analytical  work,  the 
■hors  measured  the  stability  of  the  reagent  when  stored  at 
cm  temperature  in  250-ml.  dark  bottles.  The  solution  was 
»: pared  in  the  standard  manner  and  contained  1.5%  excess 
inivalents  of  iodine  over  chlorine.  Linseed  oil,  stored  in  the 
cbox,  was  used  as  the  test  substrate. 

)ver  a  total  period  of  505  days,  the  Wijs  solution  did  not 
Inge  sufficiently  to  cause  a  measurable  difference  in  the  iodine 
Buber  of  the  substrate.  No  measurable  differences  were  found 
rm  the  reagent  was  taken  from  bottles  that  had  been  pre- 
i  lsly  opened.  These  facts  indicate  the  validity  of  storing 
1  solution  a  year  or  more,  if  storage  is  in  small  bottles  which 
j  opened  as  needed. 


Table  1.  Stability  of  Wijs  Solution 

Age  of  Solution, 

Days  Since  Bottle 

Bottle  No. 

Days 

First  Opened 

Iodine  No 

1 

6 

0 

177.3 

2 

45 

0 

178.0 

2 

97 

52 

177  1 

3 

97 

0 

3 

132 

35 

176.5 

3 

174 

77 

176.8 

3 

231 

134 

176.3 

4 

277 

0 

177  0 

4 

314 

37 

177.4 

4 

374 

97 

177.0 

5 

404 

0 

177.8 

5 

455 

51 

176.8 

5 

505 

101 

177  2 
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An  Aid  in  Ashing  Certain  Materials 


SELMA  L.  BANDEMER  and  P.  J.  SCHAIBLE 
.hemistry  Section,  Michigan  Agricultural  Experiment  Station, 
East  Lansing,  Mich. 

HE  ashing  of  many  products  is  often  difficult  and  time- 
bonsuming,  as  is  evidenced  by  the  number  of  procedures 
ihlished  for  special  materials  (1).  This  is  especially  true  for 
istances  that  are  finely  ground,  contain  oil  or  fat,  or  have  a 
fe  phosphorus-to-base  ratio.  For  such  materials,  a  simple 
a'cedure  which  was  recently  devised  to  ash  large  volumes  of 
mid  egg  white  (3)  is  suggested. 

'his  procedure  consists  of  lining  the  crucible  with  filter  paper, 
Irring  the  material  over  a  Meker  burner  in  this  lined  crucible, 
astening  the  char  with  a  solution  of  magnesium  chloride,  and 
opleting  the  ashing  in  a  muffle  furnace. 

'ilter  paper  of  the  correct  size  (Whatman  No.  40  or  equivalent) 
iulded  as  for  filtering,  the  tip  of  the  cone  folded  back,  and  this 
ncated  cone  fitted  into  the  crucible.  This  liner  prevents 
overheating  because  of  the  air  space  between  it  and  the 
ruble  and  permits  the  easy  escape  of  the  volatile  materials, 


since  the  charring  proceeds  slowly  from  the  outside  toward  the 
center.  The  charred  mass  tends  to  retain  its  cone  shape  and  is 
free  of  the  crucible.  Thus,  the  crucible  walls  are  protected  from 
the  action  of  the  materials  ashed.  Fatt>  materials  burn  more 
evenly  and  slowly,  without  spattering.  The  char  is  moistened 
with  a  solution  of  magnesium  chloride  added  drop  wise  over  the 
entire  mass  and  ashed  in  a  muffle  overnight  at  600°  C.  The 
ash  obtained  is  light,  fluffy ,  and  voluminous  and  dissolves  readily 
in  dilute  hydrochloric  acid  on  heating. 

If  unaided  by  this  procedure,  materials  which  have  a  high 
phosphorus-to-base  ratio  fuse  on  ignition  to  a  glassy  mass  which 
frequently  entraps  carbon  that  can  then  be  burned  off  only  with 
great  difficulty.  This  fusion  is  caused  by  the  conversion  of  the 
dihydrogen  and  monohydrogen  phosphates  upon  ignition  to  the 
metaphosphate  (3),  which  does  not  dissolve  readily  in  hot  dilute 
hydrochloric  acid.  In  the  suggested  procedure,  magnesium 
chloride  supplies  base  to  produce  the  tertiary  phosphate  which  is 
unaffected  on  heating  to  600°  C. 

In  the  authors’  experience,  samples  ash  poorly  if  they  do  not 
contain  ample  base  for  the  phosphorus  or  in  the  ease  of  plant 
material  if  the  stalks,  stems,  hulls,  coatings,  or  bran  have  been 
removed.  In  these  materials,  the  use  of  the  lined  crucible  and 
magnesium  chloride  is  beneficial.  In  comparative  trials,  the 
proposed  method  aided  the  ashing  of  fresh  tissues  such  as  muscle, 
liver,  intestines,  and  fat  of  chicken,  pork,  and  beef  as  well  as 
fresh  egg  white  and  yolk,  casein,  lecithin,  corn  gluten  meal, 
flour,  and  starch. 
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A  Constant-Rate  Dropping  Funnel 


CHEMISTS  are  often  annoyed  to 
find,  after  carefully  adjusting 
a  dropping  funnel  to  deliver  a  liquid 
dropwise  into  a  reaction  mixture, 
that  within  a  short  time  the  flow  of 
drops  has  either  stopped  entirely  or 
greatly  diminished.  A  combination 
of  two  factors  may  be  held  largely 
responsible  for  this:  the  diminish¬ 
ing  hydrostatic  pressure  as  the 
liquid  level  falls,  and  the  gradual 
tendency  for  the  stopcock  to  close 
during  the  flow  of  the  liquid.  This 
conclusion  can  be  readily  verified 
by  experiment. 

A  simple  modification  eliminates 
both  these  factors  from  an  ordinary 
dropping  funnel. 

The  modification,  as  shown  in  the 
accompanying  diagram,  chiefly  con¬ 
sists  in  placing  tightly  in  the  top 
of  the  funnel  a  one-hole  stopper,  A, 
in  which  is  inserted  a  glass  tube,  B, 
reaching  nearly  to  the  bottom  of  the 


GILBERT  ASHBURN  and  ROBERT  L.  FRANK, 

Noyes  Chemical  Laboratory,  University  of  Illinois,  Urbana,  III. 


funnel.  When  liquid  is  allowed  to  flow  out,  air  enters  tub 
and  escapes  at  D.  The  pressure  in  the  air  space,  C,  then  chan 
in  such  a  way  that  as  the  liquid  level  drops,  the  sum  of  C  and 
hydrostatic  pressure  represented  by  the  distance  DE  rema 
essentially  constant.  This  is  in  accordance  with  the  princii 
of  the  Mariotte  flask  (1). 

The  gradual  tendency  of  the  stopcock  to  close  may  be  obvia 
by  restricting  the  entrance  of  air  into  B  and  then  opening  st 
cock  G  completely.  The  air  flow  can  be  controlled  either 
means  of  a  capillary  tube  attached  to  B  or,  as  illustrated,  H,  b 
screw  clamp  on  a  short  piece  of  rubber  tubing  into  which 
been  inserted  a  small  wire,  I.  If  the  opening  at  F  is  of  la 
diameter,  it  is  sometimes  necessary  to  draw  out  the  tube  in  or 
to  prevent  air  from  entering  at  this  point. 

Dropping  funnels  equipped  in  this  way  have  been  found  u 
ful  in  this  laboratory  for  the  dropwise  delivery  of  liquids  ii 
reaction  mixtures.  Although  a  slight  decrease  in  rate  can 
noticed  during  the  time  of  delivery,  the  flow  is  constant  enot 
for  most  purposes. 
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NEW  EQUIPMENT 

_ i 


Sulfur  Train 


Numbered  among  improved  apparatus  accelerated  by  the  war  pro¬ 
gram  is  a  sulfur  train,  originated  by  the  Universal  Oil  Products  Co. 
and  built  by  the  Precision  Scientific  Co.,  1736  North  Springfield  Ave., 
Chicago.  The  method,  identified  as  U.O.P.  Method  H-201-43-A, 
determines  0.0002  to  0.05%  of  sulfur  in  combustible  liquids  and  gases. 
The  samples  are  burned  in  a  stream  of  purified  air  and  the  products 
of  combustion  absorbed  in  a  solution  of  sodium  hypobromite.  The 
sulfur  is  then  determined  as  sulfate  by  turbidimetric  measurement  of 
colloidal  barium  sulfate. 

The  apparatus  consists  of  an  air-pressure  regulator  and  filter  pres¬ 
sure  gage,  air-purification  furnace,  cooling  tank,  gas  scrubbers,  water 
regulator,  moisture  trap,  and  bank  of  eight  A.S.T.M.  sulfur  lamps. 

Compressed  air  controlled  by  a  pressure-reducing  valve  is  reduced 


to  2  p.s.i.,  then  passes  through  an  activated  charcoal  tower  and  ii 
the  air-purification  furnace  containing  a  heated  stainless  steel  U-tu 
1  inch  in  diameter  and  approximately  4  feet  long,  filled  with  quai 
chips. 

Air  leaving  the  furnace  is  cooled  to  approximately  room  tempei 
ture  by  passing  through  a  water-jacketed  copper-coil  conden; 
at  the  furnace  outlet.  It  then  passes  successively  through  war 
sodium  hypobromite,  and  sodium  hydroxide  scrubbers,  then  throu 
a  constant-pressure  regulator,  into  a  moisture  trap  fitted  into 
vacuum  bottle,  and  finally  into  a  distribution  manifold  serving  t 
sulfur  lamps. 

For  the  determination  of  sulfur  in  gases,  the  apparatus  inolud 
eight  Duralumin  weighing  bombs  of  35-ml.  capacity,  for  connect! 
to  the  sulfur  lamps. 
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ampling  and  Analysis  of  Anhyd 


4E  production  and  use  of  anhydrous 
lydrogen  fluoride  in  tank  car  quantities 
e  required  the  development  of  an 
(irate  procedure  for  its  sampling  and 
lysis. 

n  account  of  the  volatility  of  anhy- 
l(is  hydrogen  fluoride  (boiling  point  19.4°  C.) ,  the  serious  danger 
(urns,  and  the  tendency  of  impurities  to  segregate,  a  correct 
i  safe  sampling  procedure  is  absolutely  essential.  Strict  ad¬ 
duce  to  the  procedure  described  here  yields  excellent  results. 

SAMPLING 

leed  a  proportional  sample  from  the  pipeline  leading  from  the 
fage  tank  to  the  tank  car  into  an  evacuated,  or  vented,  H-type 
pder  fitted  with  valve  and  coupling  suitable  for  anhydrous 
rrogen  fluoride.  To  accomplish  this  the  cylinder  must  be 
ted  on  a  scale  and  weighed,  all  connections  made  gastight, 
i  the  valves  opened  slightly  to  bleed  off  1  pound  for  every  1000 


Figure  1.  Assembly  of  Acid  Container 

Metal  part  to  be  gold-platad  inside  and  out 


pounds  of  the  hydrogen  fluoride  run  into  the 
tank  car.  Caution!  A  cylinder  must  never 
be  filled  to  more  than  85%  of  its  water 
capacity. 

Apparatus.  From  H-cylinder  samples 
draw  a  smaller  sample  from  the  liquid  phase 
only  into  an  evacuated  or  cooled  E-type 
cylinder  and  fill  to  85%  of  its  water  capacity.  This  is  done  by 
tilting  the  H-cylinder  sufficiently  to  ensure  the  drawing  of  liquid 
hydrogen  fluoride  only,  connecting  to  an  evacuated  E-cylinder, 
and  allowing  about  3  kg.  (6  pounds)  to  flow  in.  This  is  the 
sample  taken  to  the  laboratory.  Only  the  liquid  phase  is  sam¬ 
pled,  since  it  constitutes  about  99.96%  of  the  net  weight  of  the 
shipment. 

Draw  a  sample  for  analysis  from  the  6-pound  sample  cylinder; 
in  order  to  do  this  fairly  the  following  special  equipment  is  neces¬ 
sary  : 

1.  A  rubber  weighing  tube  (Figure  1)  is  machined  from  a 
5-cm.  (2-inch)  (iron  pipe  size)  extra-heavy-wall  hard-rubber  pipe. 
A  narrow  ledge  on  the  inside  is  machined  12  cm.  (4.875  inches) 
above  the  bottom.  The  lower  end  is  plugged  with  a  hard-rubber 
disk  and  the  entire  inside  is  coated  with  a  heavy  layer  of  high 
melting  point  wax  (Quaker  State  M  wax  165  dark  amber).  The 
top  end  is  stoppered  with  a  removable  No.  IOV2  solid  rubber 
stopper  which  has  been  wax-treated.  The  removable  metal  part 
consists  of  a  metal  tube  with  coupling  at  the  upper  end,  a  metal 
hook  silver-soldered  to  the  tube  just  below  the  coupling,  a  per¬ 
forated  metal  grid  which  slides  on  the  tube,  and  a  grid  stop,  silver- 
soldered  at  the  end  to  prevent  it  from  sliding  off. 

The  whole  metal  assembly  of  the  sampling  device  must  be  gold- 
plated  or,  better,  made  of  platinum.  On  account  of  contact  with 
ice  and  hydrofluoric  acid,  the  metal  assembly  cannot  be  of  cad¬ 
mium,  brass,  copper,  iron,  or  steel,  since  corrosion  of  these  metals 
contaminates  the  sample,  with  the  possibility  of  giving  high 
fluosilicate  and  sulfuric  acid  results.  Monel  metal  is  passable 
but  preferably  it  should  be  gold-plated.  The  metal  assembly 
should  not  be  left  in  contact  with  the  acid  any  longer  than  neces¬ 
sary. 

2.  A  torsion  balance  with  a  sensitivity  of  15  mg.  and  a  capacity 
of  500  grams. 

3.  A  sturdy  support  for  the  E-type  cylinder  to  hold  it  hori¬ 
zontally,  as  shown  in  Figure  2. 

Before  drawing  a  sample  for  analysis,  set  up  the  sample  cyl¬ 
inder  on  the  support  in  a  sufficiently  inclined  position  to  ensure 
withdrawal  of  the  liquid  phase  only.  Cylinders  filled  to  85% 
of  water  capacity  can  be  placed  in  a  horizontal  position,  but  if 
many  samples  are  to  be  taken  the  cylinder  should  be  tilted 
slightly.  Below  place  a  Harvard  trip  balance  (sensitivity  need 
be  no  greater  than  =*=  1.0  gram),  so  that  the  left  pan  is  in  line  with 
the  cylinder  valve  outlet.  Set  the  rubber  weighing  tube  on  the 
left  pan  and  add  enough  weights  to  the  other  pan  to  overbalance, 
in  order  to  hold  the  weighing  tube  at  its  highest  position  on  the 
balance.  Loosely  couple  the  metal  tube  assembly  to  the  cylinder 
adapter,  then  raise  or  lower  the  balance,  so  that  the  hook  on  the 
metal  tube  is  in  line  with  the  top  of  the  weighing  tube.  Caution! 
This  adjustment  is  necessary  to  prevent  suckback  of  liquid  into 
cylinder  valve.  Make  certain  the  cylinder  clamps  are  secure  in 
order  to  prevent  slipping  when  the  cylinder  valve  is  opened. 
The  entire  setup  must  be  under  a  good  hood. 

Sampling  Procedure.  The  metal  part  and  rubber  stopper 
may  be  dried  in  the  oven,  but  the  weighing  tube  must  be  dried 
at  room  temperature  by  forcing  dry  air  into  it  until  globules  of 
water  or  moist  areas  are  no  longer  visible.  Rubber  weighing 
tubes  after  repeated  use  should  be  rewaxed  when  there  are  any 
bare  spots  in  the  coating  or  when  any  odor  of  hydrogen  fluoride 
is  detected  in  the  drv  tube. 


CARL  FRANCIS  SWINEHART  and  HARRY  FRANK  FLISIK 
Research  Laboratories,  The  Harshaw  Chemical  Company,  Cleveland,  Ohio 

An  accurate  and  safe  procedure 
for  the  sampling  and  analysis  of 
anhydrous  hydrogen  fluoride  from 
tank  cars  and  cylinders  is  described. 
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Weigh  the  entire  dried  weighing  tube  (metal  tube  and  rubber 
stopper  included  but  not  assembled)  on  the  torsion  balance,  us¬ 
ing  rough  weights,  or  make  up  an  approximate  tare  weight 
and  balance  exactly  with  the  sliding  weight.  Test  the  accuracy 
of  this  torsion  balance  for  such  factors  as  equality  of  arms,  posi¬ 
tioning  of  weights,  etc.,  and  make  suitable  corrections  if  the 
errors  are  in  excess  of  20  mg.  After  thus  establishing  the  weight 
of  the  entire  weighing  tube,  do  not  disturb  the  tare  weights, 
and  from  this  point  on  make  all  succeeding  weighings  by  adding 
analytical  weights.  Complete  the  following  operations  as 
quickly  as  possible: 

Place  80  grams  of  chopped  ice  in  the  bottom  part  of  the  weigh¬ 
ing  tube,  and  properly  insert  the  metal  tube,  so  that  the  per¬ 
forated  grid  rests  flat  on  the  narrow  ledge  and  the  hanger  rests 
over  the  rim  of  the  rubber  tube.  Add  50  grams  more  of  chopped 
ice  to  the  top  part  of  the  tube  above  the  grid.  Wipe  off  any  drop¬ 
lets  of  water  on  the  outside  of  the  weighing  tube  or  on  the  cou¬ 
pling.  Weigh  the  entire  assembly  exactly  including  rubber 
stopper,  adding  only  analytical  weights,  and  record  the  total 
weight  of  ice  added. 

The  80  grams  of  ice  in  the  bottom  serve  to  absorb  the  heat  of 
dilution  of  the  hydrogen  fluoride  and  the  50  grams  in  the  top 
serve  to  trap  any  vapors  formed  through  local  concentration  of 
heat.  The  entire  weight  of  ice  must  not  greatly  exceed  130 
grams,  as  this  amount  when  melted  plus  about  40  grams  of  sample 
will  not  bring  the  liquid  level  above  the  outlet  of  the  metal  tube. 
If  the  setup  is  exactly  as  described  above,  a  clearance  of  about 
5  cm.  (2  inches)  is  assured.  Caution!  Never  allow  the  metal 
tube  outlet  to  be  submerged  during  addition  of  the  sample,  for 
a  very  rapid  suckback  which  surely  will  follow  will  ruin  the 
sample  and  may  cause  an  explosion. 

Cautiously  open  the  valve  (always  wear  rubber  gloves)  of  the 
sample  cylinder  already  set  up  and  allow  a  few  milliliters  of  the 
hydrogen  fluoride  to  flow  out  into  a  Monel  waste  beaker  to  sweep 
the  outlet  free  from  condensed  water  that  may  have  lodged  there 
in.  Place  the  weighing  tube  (without  the  rubber  stopper)  on  the 
Harvard  trip  balance  and  immediately  couple  the  metal  tube  to 


the  cylinder  adapter,  tightening  with  a  wrench  (Figure 
Balance  with  the  rough  weights,  make  certain  that  the  m< 
tube  does  not  hinder  the  balance  swing,  then  add  40  grams  m< 
Carefully  open  the  cylinder  valve  slightly  and  adjust  the  flow 
hydrogen  fluoride  to  about  10  grams  per  minute.  As  the 
drogen  fluoride  strikes  the  ice  a  sizzling  sound  may  be  fair 
heard  and  through  this  guidance  the  rate  of  flow  may  be  vari 
During  the  flow,  watch  the  top  of  the  weighing  tube  for  escap 
vapors  and  as  soon  as  any  are  seen  cut  down  the  flow.  B 
testing  the  balance  swing,  to  make  certain  shifting  ice  in 
upper  part  does  not  cause  sufficient  friction  against  the  m< 
tube  to  hinder  the  swing.  Keep  running  in  the  sample  until ' 
40  grams  are  approximately  balanced,  close  the  valve,  and  w 
15  seconds  for  drainage.  Disconnect  the  metal  tube  and  di 
carefully  into  the  weighing  tube,  then  stopper  tightly  with 
delay. 

Weigh  exactly  on  the  torsion  balance,  adding  only  analyti 
weights,  and  record  the  additional  weight  over  the  ice  weii 
as  the  sample  weight.  Mix  thoroughly  by  careful  invers 
until  all  the  ice  melts,  being  certain  to  keep  the  tube  tigh 
stoppered,  so  that  none  of  the  solution  is  lost  before  the  ice  ms 
and  the  solution  becomes  homogeneous.  Remove  the  me 
tube  and  restopper  without  delay  to  prevent  escape  of  sul 
dioxide.  The  well-mixed  diluted  acid  clinging  to  the  metal  h 
will  be  of  no  consequence,  since  aliquot  weights  will  be  taken 
analysis.  Clean  and  dry  the  metal  tube  at  once.  Proceed  w 
the  analysis  as  directed  below  without  delay. 

ANALYSIS 

Sulfur  Dioxide.  This  must  be  the  first  constituent  det 
mined,  because  opening  the  weighing  tube  for  taking  the  otl 
aliquot  samples  may  result  in  loss  of  sulfur  dioxide. 

Provide  a  well-waxed  250-ml.  beaker  and  a  Bakelite  stirr 
rod.  To  this  beaker  add  50  ml.  of  water  and  exactly  10  ml. 
standard  0.1  if  iodide-iodate  solution  (3).  Weigh  on  a  tors 
balance.  Place  a  50-gram  weight  on  the  balance  pan,  then  pc 
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aliquot  portion  of  the  sample  into 
peaker  carefully  until  slightly  over- 
need.  Weigh  accurately  to  ±0.5 
l.  Back-titrate  the  excess  liberated 
te  with  standard  0.1  N  thiosul- 
|  using  starch  solution  as  indicator, 
i  color  appears  upon  adding  starch, 
te  with  iodide-iodate  to  a  blue 

andardize  the  iodide-iodate  solu- 
ij  against  the  thiosulfate  under  like 
litions,  substituting  50  ml.  of  water 
[the  sample  and  making  slightly 
[with  pure  hydrofluoric  acid.  Cal- 
;e  to  sulfur  dioxide  and  report  to 
significant  figures. 


.  of  N  thiosulfate  = 

0.032  gram  of  S02 

ilculation  to  per  cent  sulfur  dioxide 
ised  on  the  following  equation 
h  also  applies  to  succeeding  calcu¬ 
lus: 

sms  of  ice  +  grams  of  anhydrous  HF)  X  (factor  X)  X 

(ml.  of  standard  solution)  X  100  _  cr. 

weight  of  aliquot)  X  (grams  of  anhydrous  HF)  —  0 

or  X  =  normality  of  standard  solution  X  normal  equivalent 

: 

bTAL  Acidity.  Weigh  a  12-ml.  platinum  weighing  bottle 
lire  3)  on  the  analytical  balance.  Add  as  quickly  as  possible 
o  45  drops  of  the  sample  solution  by  means  of  a  Bakelite 
ping  pipet,  cover  the  weighing  bottle  promptly,  and  re- 

h.  In  a  250-ml.  waxed  beaker  place  100  ml.  of  water  and  1 
of  phenolphthalein  indicator  and  make  faintly  pink  with 
V  alkali.  In  this  submerge  the  weighing  bottle,  knock  off 
(over,  and  titrate  with  standard  0.5  N  alkali  to  a  permanent 
color.  Approach  the  end  point  slowly  by  adding  a  fraction 
drop  of  alkali  at  a  time.  If  the  pink  color  fades,  wash  the 
ion  into  a  plain  beaker,  heat  to  about  60°  C.,  and  continue 
itration  to  a  permanent  pink.  A  fading  end  point  is  due  to 
ilicate,  which  may  be  in  the  acid  or  formed  during  the  titra- 
from  silica  in  the  standard  alkali.  Silica  in  the  standard 
i  does  not  affect  a  total  acidity  determination  if  the  heating 
mtion  is  taken  near  the  end  point,  but  does  cause  erroneous 
:s  in  determination  of  fluosificic  acid. 

t.lculate  the  total  acidity  to  hydrogen  fluoride  and  report  to 
t!  significant  figures.  Corrections  for  the  impurities  will  be 
l;  later. 

1  ml.  of  N  alkali  =  0.01999  gram  of  HF 

• 

I'lfuric  Acid.  Weigh  on  the  torsion  balance  a  50-gram  ali- 
i  of  the  sample  into  a  75-ml.  platinum  dish  and  evaporate  to 
rent  dryness  on  the  water  bath.  Add  10  ml.  of  water, 
orate  again  to  dryness  on  the  water  bath,  and  note  as  evap- 
on  progresses  whether  any  odor  of  hydrofluoric  acid  can 
etected.  Repeat  as  often  as  hydrofluoric  acid  could  be 
:ted  in  the  previous  evaporation.  Usually  two  evaporations 
water  are  sufficient  when  the  sulfuric  acid  content  is  below 

i.  When  all  the  hydrofluoric  has  been  expelled,  add  25  ml. 
iter  and  titrate  with  0.1  N  alkali,  using  phenolphthalein  as 
ator.  The  titration  is  equivalent  to  sulfuric  acid  and  fluo- 
nic  acid.  The  latter  decomposes  to  sulfuric  acid  upon 
oration  with  water. 

Iculate  to  sulfuric  acid  and  report  to  two  significant  figures 
iric  acid  plus  fluosulfonic  acid)  as  sulfuric  acid, 

1  ml.  of  N  alkali  =  0.049  gram  of  H2S04 

Ithe  presence  of  aluminum  or  iron  is  suspected,  add  1  gram  of 
iral  c.p.  sodium  fluoride  fluosilicate-free,  before  titration. 


If  heavy  metals,  such  as  copper,  lead,  nickel,  etc.,  are  present,  add 
1  gram  of  neutral  potassium  oxalate  before  titration. 

Fluosilicic  Acid.  Weigh  on  a  torsion  balance  a  50-gram 
aliquot  sample  into  a  75-ml.  platinum  dish.  Add  0.2  gram  of 
potassium  chloride,  stir  with  a  platinum  rod  until  the  salt  dis¬ 
solves,  and  evaporate  to  dryness  on  the  water  bath.  Dissolve 
the  residue  in  25  ml.  of  water.  Add  2  grams  of  potassium 
chloride,  and  cool  to  below  10°  C.  (4).  Add  1  ml.  of  phenol¬ 
phthalein  indicator  and  titrate  with  silica-  and  carbonate-free 
0.5  N  alkali.  This  titration  should  preferably  be  carried  to  just 
short  of  the  end  point  and  finished  with  silica-  and  carbonate- 
free  0.1  N  alkali.  During  the  entire  titration  do  not  allow  the 
temperature  to  rise  above  10°  C.;  keep  the  dish  surrounded  with 
chopped  ice.  Disregard  the  amount  of  alkali  required,  for  the 
acidity  is  due  to  acid  fluoride  with  which  we  have  no  concern 
except  to  neutralize  it.  Heat  the  dish  to  at  least  60°  C.  and  ti¬ 
trate  the  hot  solution  with  0.1  N  alkali  to  the  first  faint  perma¬ 
nent  pink  color. 

If  means  of  cooling  for  the  first  titration  is  not  conveniently 
available,  add  35  ml.  of  ethyl  or  methyl  alcohol,  stir  somewhat, 
let  stand  15  minutes  for  potassium  fluosilicate  to  precipitate, 
and  titrate  at  room  temperature  as  above.  After  reaching  the 
end  point  wash  the  solution  into  a  beaker,  boil  10  minutes,  and 
titrate  the  hot  solution  with  0.1  N  alkali  as  above. 

The  hot  titration  is  equivalent  to  four  of  the  six  fluoride  atoms 
in  the  fluosilicic  acid.  Multiply  the  hot  titration  by  3/2  to  ob¬ 
tain  the  total  milliliters  of  alkali  for  fluosilicic  acid.  Calculate 
to  two  significant  figures. 

1  ml.  of  N  alkali  =  0.024  gram  of  H2SiF» 

The  equations  involved  in  fluosilicic  acid  determinations  are  as 
follows: 


H2SiF8  -f- 

2KC1  — 

K2SiFe 

+ 

2  HC1/’ 

(1) 

2HF  + 

KC1  — 

khf2 

+ 

HC1/ 

(2) 

KHF2  + 

KOH  — 

2KF 

+ 

H20 

(3) 

K2SiF„  + 

4KOH  — 

6KF 

+ 

Si  (OH)  4 

(4) 

Fixation  of  the  fluosilicate  as  potassium  fluosilicate  permits  the 
use  of  a  large  sample  and  the  removal  of  the  bulk  of  the  hydro¬ 
gen  fluoride  by  evaporation.  This  procedure  avoids  a  cumula¬ 
tive  error  due  to  the  traces  of  silica  in  the  large  quantities  of 
alkali  which  would  otherwise  be  required  to  neutralize  the  hy¬ 
drogen  fluoride. 

In  the  procedure  potassium  chloride  is  added  so  that  the 
almost  insoluble  potassium  fluosilicate  does  not  hydrolyze 
below  10°  C.  and  therefore  is  not  titrated.  The  addition  of 
alcohol  causes  quantitative  precipitation  of  potassium  fluosilicate 
and  therefore  it  is  not  titrated  at  room  temperature.  The  dis¬ 
advantage  of  using  this  alternative  modification  is  the  necessity 
of  boiling  off  most  of  the  alcohol  before  titrating  the  fluosilicate. 

While  the  fluosilicic  acid,  becomes  fixed  as  potassium  fluosili¬ 
cate,  at  least  a  substantial  part  of  the  potassium  chloride  is  con¬ 
verted  to  potassium  hydrogen  fluoride.  It  is  neutralized  in  the 


Table  1. 

Recovery  of  Silica  Added  to  Hydrofluoric  Acid 

48%  HF 

Added 

SiOs 

Found 

H^SiFa in 
Added 

100%  HF 
Found 

Grams 

Gram 

Gram 

% 

% 

50 

None 

<0.0003 

None 

<0.001 

50 

0 . 0369 

0.0369 

0.37 

0.37 

50 

0.0335 

0.0337 

0.34 

0.34 

22 

0.0059 

0.0058 

0.13 

0.13 

22 

0 . 0044 

0.0046 

0.10 

0.10 

- - - - - - ■ - 

Table  II.  Analyses  of  Hydrogen  Fluoride  in  Tank  Cars 

Car  A  Car  B  Car  C  Car  D  Car  E  Car  F  Car  G  Car  H 


l 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

acidity  as 

rities  as  HF 

99.9 

99.9 

99.75 

99.79 

99.8 

99.6 

100.0 

99.9 

100.0 

100.0 

99.70 

99.90 

99.8 

99.9 

99.9 

99.84 

0.11 

0.11 

0.17 

0. 16 

0.088 

0.075 

0  .049 

0.04  9 

0.14 

0.11 

0.047 

0.044 

0.042 

0.039 

0.05 

0.06 

HF 

99.8 

99.8 

99.6 

99.6 

99.7 

99.5 

99.9 

99.8 

99.9 

99.9 

99.6 

99.8 

99.8 

99.9 

99.9 

99.8 

0.096 

0.098 

0.17 

0.16 

0.074 

0.069 

0  .041 

0.042 

0.13 

0.13 

0.058 

0.059 

0.048 

0.052 

0.056 

0.057 

P»  -i-  HzSOs) 

titSO* 

0.059 

0.060 

0.027 

0.026 

0.025 

0.031 

0.023 

p.015 

0.022 

0.019 

0.006 

0.006 

0.019 

0.006 

0.018 

0.008 

^6 

0.027 

0.027 

0.021 

0.022 

0.039 

0.023 

0.017 

0.017 

0.056 

0.033 

0.011 

0.006 

0.005 

0.004 

0.013 

0.018 
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Figure  3.  Platinum 
Weighing  Bottle 

Approximate  weight, 
22  grams 
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cold  titration,  but  if  the  alkali  used  to  neutralize  it  contains 
silicate,  the  silica  will  also  become  fixed  as  potassium  fluosilicate 
and  high  results  for  the  subsequent  hot  titration  ensue.  The 
magnitude  of  this  error  depends  upon  the  length  of  time  the 
standard  alkali  had  been  stored  in  glass  and,  of  course,  the 
amount  used  in  the  cold  titration.  To  eliminate  this  source  of 
error  the  standard  alkali  must  be  stored  in  a  heavily  waxed 
bottle  (high  melting  point  mineral  wax)  or  better  still,  in  a  steel 
drum.  If  stored  in  a  steel  drum,  it  must  be  siphoned  over 
through  an  iron  or  nickel  tube.  An  alkali-filled  scrubber  should 
be  attached  to  the  drum  to  remove  carbon  dioxide  from  air  enter¬ 
ing  as  solution  is  removed. 

This  procedure  is  a  modification  of  the  method  given  by 
Kolthoff  and  Furman  (2). 

The  method  is  capable  of  giving  results  of  considerable  ac¬ 
curacy,  as  shown  by  experiments  in  which  known  amounts  of 
silica  were  added  to  reagent  hydrofluoric  acid.  Optical  quartz 
ground  to  100-mesh,  washed  with  hydrochloric  acid,  and  ignited 
was  used.  Harshaw  reagent  hydrofluoric  acid  was  added  to 


the  quartz  and  allowed  to  stand  at  room  temperature  w 
frequent  stirring  until  the  quartz  dissolved  before  proceed 
with  the  method.  Results  are  shown  in  Table  I. 


Hydrofluoric  Acid.  To  obtain  the  hydrofluoric  acid  confi 


deduct  from  the  total  acidity  the  sum  of  0.8330  X  %  II,3i 
0.4078  X  %  H2SO„  and  0.6243  X  %  S02. 


(Note.  The  factors  used  throughout  this  procedure  and  in 
standardization  of  the  alkali  are  based  on  rational  atomic  weigl 
/,  inasmuch  as  the  atomic  weights  of  hvdrogen  and  fluorine 
low.) 


Table  II  shows  the  results  of  duplicate  analyses  of  eight  dif 
ent  tank  cars  of  anhydrous  hydrogen  fluoride  by  this  method. 
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Infrared  Analysis  of  Butadiene 

L.  J.  BRADY,  Mellon  Institute,  Pittsburgh,  Pa. 


IT  HAS  been  pointed  out  many  times  in  the  literature  (1-5,  7,  8) 
that  the  infrared  absorption  spectrum  of  an  organic  molecule  is 
unique,  and  that  with  few  exceptions  admixture  with  other  com¬ 
pounds  does  not  affect  this  property.  As  a  result,  the  concentra¬ 
tion  of  any  component  in  a  mixture  can  be  determined  by  infrared 
analysis,  provided  it  has  at  least  one  absorption  band  at  a  wave 
length  where  the  other  components  are  relatively  transparent. 

W  ithin  experimental  error,  the  absorption  measurements  made 
on  the  usual  research  type  of  infrared  spectrometer  follow  the  fa¬ 
miliar  Beer’s  law, 

I  =  I0e~k\cx 

where  h  is  the  energy  incident  on  the  sample,  I  is  the  energy 
transmitted  by  the  sample,  k  is  the  absorption  coefficient  at  wave 
length  X,  c  is  the  concentration,  and  x  is  the  length  of  the  optical 
path  through  the  sample  usually  equal  to  the  length  of  the  ab¬ 
sorption  cell.  This  expression  can  be  put  in  the  alternate  form : 

logio  =  -j-  =  logio  -^r  =  eCX  =  D 

where  T  is  the  transmission  fraction,  e  is  the  extinction  coefficient, 
and  D  is  the  optical  density.  For  monochromatic  radiation  the 
optical  density  of  a  mixture  equals  the  sum  of  the  optical  densities 
of  the  components — that  is,  at  any  wave  length  X: 

^  =  di  +  d2  +  d3  + . d„ 

where  D  is  the  optical  density  of  the  mixture  and  d„  is  the  optical 
density  of  the  nth  component.  In  general,  n  such  equations,  one 
for  each  of  n  selected  spectral  positions,  are  required  to  determine 
the  concentration  of  each  component  present. 

It  frequently  happens  in  industrial  work  that  the  concentration 
of  only  one  component  present  in  a  mixture  is  of  interest.  In 
such  cases  the  analytical  procedures  can  often  be  simplified. 
This  paper  discusses  such  a  problem,  the  infrared  analysis  of  re¬ 
fined  butadiene. 

Refined  butadiene  contains  varying  amounts  of  impurities  such 
as  butene-1,  butene-2,  perhaps  traces  of  isobutylene  and  acety¬ 
lenes,  together  with  small  amounts  of  saturates,  the  latter  usually 
amounting  to  less  than  5%  of  the  total  impurities  present.  These 
impurities  not  only  absorb  strongly  at  6.9  microns  (1450  cm.-1) 
where  butadiene  is  relatively  transparent,  as  shown  in  Figure  1, 
but  the  optical  densities  of  the  major  impurities,  butene-1  and 


butene-2,  are  of  the  same  order  of  magnitude  (Figure  2).  A 
consequence,  as  long  as  the  concentration  of  the  combined  im] 
rities  remains  constant,  fluctuations  in  their  relative  amou 
will  have  no  significant  effect  on  the  optical  densities  of  refit 
butadiene  samples.  It  is  obvious,  therefore,  that  the  total  i 


Figure  1.  Infrared  Absorption  Curves  of  Butadiene  and 
Associated  Impurities 
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Figure  4.  Infrared  Shutter  Mechanism 


Figure  3.  Infrared  Absorption  Cells  and  Shutter 
Mechanism 


ies  can  be  determined  from  the  transmission  of  the  sample  at 
licrons,  the  butadiene  being  determined  by  difference.  This 
■dure  is  to  be  preferred  over  that  of  determining  the  butadi- 

[oncentration  directly  because  a  consideration  of  the  expo- 
al  nature  of  Beer’s  law  makes  it  evident  that  the  precision 
direct  analysis  for  a  component  falls  off  as  its  CQncentration 
baches  100%. 


EXPERIMENTAL 

e  results  were  obtained  with  two  infrared  spectrometers.  A 
Littrow-type,  automatic  recording  spectrometer  of  1-meter 
length  which  has  a  100  X  150  mm.  rock  salt  prism  was  used 
celop  the  analytical  method.  This  instrument  uses  a  photo- 
ic  potentiometer  ( 6 )  and  a  Leeds  &  Northrup  Speedomax  to 
d  the  transmission  curves.  The  plant  control  instrument 
60  X  75  mm.  rock  salt  prism,  is  not  automatic,  but  was  de- 
d  to  record  the  transmission  of  samples  at  a  predetermined 
length  (6.9  microns  for  butadiene  analysis)  by  means  of  a 
•electric  potentiometer  (6)  and  a  Leeds  &  Northrup  Micro- 
Further  constructional  details  of  the  plant  control  instru- 
are  illustrated  in  Figures  3  and  4.  Figure  3  shows  the  two 
>.  gas-absorption  cells,  sample,  and  dummy,  as  well  as  the 
aal  shutter  mechanism.  This  mechanism,  also  presented  in 
e  4,  is  arranged  so  that  a  12-mesh  stainless  steel  screen  can 
serted  between  the  spectrometer  and  the  absorption  cells, 
e  only  function  of  this  screen  is  to  decrease  the  amount  of 
y  entering  the  spectrometer,  it  is  evident  that,  after  standard- 
its  transmission  against  butadiene  of  known  purity  the 
i  can  then  be  used  as  a  comparative  standard  for  butadiene 
sis.  The  transmission  of  the  screen  is  checked  frequently 
■  plant,  usually  every  4  to  6  hours. 


For  plant  analysis  the  feed-back  control  on  the  photoelectric 
potentiometer  is  set  at  a  maximum.  The  source  and  slit  widths 
are  then  adjusted  until  nearly  full-scale  deflection  is  obtained  with 
butadiene  in  the  sample  cell  or  with  dry  air,  in  either  the  sample 
cell  or  dummy  and  the  absorption  screen  in  place. 

After  standardizing  the  absorption  cells  using  the  screen  and 
dry  air  the  analysis  of  butadiene  is  carried  out  as  follows:  Con¬ 
tinuously  flowing  streams  of  gaseous  butadiene  are  brought  to  a 
distribution  manifold  near  the  spectrometer.  The  sample  passes 
from  the  manifold  over  solid  potassium  hydroxide  into  the  sample 

absorption  cell,  thence  exits  through 
the  barostat  shown  in  Figure  5  to  the 
atmosphere.  The  barostat  acts  as  an 
exit  valve  on  the  absorption  cell  and  at 
the  same  time  adjusts  the  pressure  of 
the  butadiene  to  a  constant  value.  The 
sample  must  be  introduced  with  suffi¬ 
cient  force  to  flush  out  previous  sam¬ 
ples.  This  operation  is  usually  com¬ 
pleted  in  less  than  2  minutes.  At  the 
end  of  this  time  the  butadiene  flowing 
through  the  sample  cell  is  turned  off. 
While  the  flushing  operation  is  being 
carried  on  the  instrument  zero  is  re¬ 
corded.  Next  the  shutter  is  opened 
and  the  transmission  of  the  sample 
recorded  for  about  2  minutes.  The 
shutter  is  then  closed,  the  absorption 
screen  lowered  into  place,  the  sample 
cell  moved  out  of  the  optical  path, 
and  the  dummy  moved  in,  the  shutter 
is  opened,  and  the  transmission  of  the 
dummy  and  screen  is  recorded  for  the 
next  2  minutes.  Duplicate  determina¬ 
tions  are  made.  The  instrument  zero 
is  subtracted  from  the  recorded  trans¬ 
mission  for  each  sample  and  as  a  con¬ 
venience,  this  is  reported  in  terms  of 
meter  deflection.  The  purity  of  the 
sample  is  determined  from  the  work 
curve  shown  in  Figure  6,  but  a  correc¬ 
tion  equal  to  the  difference  between  the 
“standard  equivalent”  value  of  the 
absorption  screen  and  the  “equivalent” 
value  of  the  screen  found  following 
each  analysis  must  be  applied  when 
necessary.  Duplicate  analysis  includ¬ 
ing  all  calculations  can  be  made  in  less 
than  10  minutes. 


Figure  5.  Barostat 
for  Regulating  Buta¬ 
diene  Pressure  in 
Absorption  Cell 


A  comparison  of  the  analytical  re¬ 
sults  which  were  obtained  using  infrared 
analysis  and  the  gravimetric  maleic 
anhydride  method  is  set  forth  in 
Table  I. 
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DISCUSSION 

Beer’s  law  is  an  expression  involving  the  number  of  moles  pres¬ 
ent  in  the  absorption  path;  consequently,  an  error  will  be  intro¬ 
duced  by  substituting  weight  percentage  for  mole  percentage  in 
the  work  curve  for  butadiene.  Other  errors  introduced  through 
the  differences  in  the  extinction  coefficients  for  the  various  impu¬ 
rities  make  it  inadvisable  to  extend  this  method  of  analysis  to  bu¬ 
tadiene  concentrations  below  90%.  The  37  different  high-purity 
butadiene  samples  shown  in  Table  I  have  an  average  absolute 
deviation  of  0.21%  between  the  infrared  and  gravimetric  maleic 
anhydride  methods  of  analysis.  Other  studies  revealed  that  the 
average  absolute  deviation  for  a  number  of  infrared  determina¬ 
tions  made  at  various  times  by  different  operators  was  0.04% 
while  the  gravimetric  maleic  anhydride  method  for  the  same  series 
of  analysis  had  an  average  absolute  deviation  of  0.17%. 


Table  I.  Analyses  of  Butadiene  by  Infrared  and  Gravimetric  M 
Anhydride  Methods 


Butadiene 

Butadiene 

Gravimetric 

Gravim 

Infrared 

maleic  anhy¬ 

Infrared 

maleic  i 

8ample 

analysis 

dride 

Sample 

analysis 

drid 

% 

% 

% 

% 

1 

99.30 

99.5 

A 

99.30 

99.3 

2 

97.20 

97.0 

B 

99.1 

99.0 

3 

98.87 

98.8 

C 

99.2 

98.9-98. 

4 

98.90 

98.9 

D 

98.7 

98.7-98. 

5 

99.43 

99.3 

E 

98.7 

98.6-98. 

6 

98.90 

98.9 

F 

98.7 

98.7-98. 

7 

99.38 

99.0 

G 

99.1 

98.8-98. 

8 

99.64 

99.5 

H 

98.7 

99.0-98. 

9 

98.52 

98.6 

I 

98.3 

99.1-99. 

10 

99.50 

99.2 

J 

98.3 

98.1-98. 

98.4-5 

11 

98.87 

98.9 

K 

99.1 

99.1-99. 

12 

99.42 

99.4 

L 

99.2 

99.1-99. 

13 

99.53 

99.6 

M 

98.7 

98.9-99. 

14 

99.30 

99.6 

N 

99.0 

98.9-98. 

15 

99.60 

99.5 

O 

99.1 

99.0 

16 

98.7 

98.9-98.6 

A1 

99.2 

98.9-98. 

17 

98.7 

98.7-98.7 

A2 

99.2 

98.7 

18 

99.1 

98.8-98.6 

A3 

98.7 

98.7-98. 

19 

98.7 

99.0-98.9 

The  gravimetric  maleic  anhydride  method  requires  from  5 
hours  as  compared  to  the  10  minutes  needed  to  make  dupli 
infrared  determinations.  As  a  result  of  its  rapidity  and  preci 
this  infrared  method  of  analysis  is  particularly  valuable  foi 
dustrial  work. 
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Contribution  from  the  Koppers  Company’s  Fellowship  on  Coal  Proc 
Analysis,  Mellon  Institute,  Pittsburgh,  Pa.  The  procedure  describe 
this  contribution  was  originally  evolved  for  and  applied  with  success  it 
butadiene  plant  at  Kobuta,  Pa. 


Identification  of  Natural  and  Synthetic  Rubbers 

H.  P.  BURCHFIELD 

Development  Department,  Naugatuck  Chemical  Division,  U.  S.  Rubber  Co.,  Naugatuck,  Conn. 


A  method  is  described  for  identification  of  the  types  of  elastomers 
most  frequently  encountered  in  the  rubber  industry.  The  initial 
test  depends  on  qualitative  measurement  of  the  pH  and  specific 
gravity  of  the  pyrolysis  products.  It  can  be  carried  out  in  a  Reid 
laboratory  in  3  to  4  minutes  and  will  provide  sufficient  information 
for  a  classification  of  the  sample. 

THE  use  of  synthetic  elastomers  as  substitutes  for  natural 
rubber  has  given  rise  to  a  need  for  a  rapid  method  by  which 
these  materials  can  be  distinguished  from  one  another.  The 
methods  of  identification  available  can  be  divided  into  two 
groups:  those  which  depend  on  the  personal  judgment  of  the 
operator,  such  as  physical  appearance  and  the  odor  produced  on 
combustion,  and  those  which  depend  on  detailed  chemical  tests. 
A  method  is  proposed  which  is  believed  to  be  more  reliable  than 
the  former,  and  does  not  require  the  detailed  laboratory  manipu¬ 


lations  necessary  for  a  complete  analysis.  The  method  was 
signed  for  the  identification  of  soft-rubber  vulcanizates  basec 
the  polymer  types  represented  by  natural  rubber,  Buna  S,  B 
N,  Butyl,  Neoprene  GN,  chloroprene-nitrile  polymers,  polyv 
chloride,  and  polyvinyl  acetate.  Distinctions  within  types 
not  possible.  The  polysulfide  rubbers  are  not  included,  as  t 
can  usually  be  recognized  by  odor. 

Identifications  made  on  the  basis  of  physical  appearance : 
flame  tests  are  discussed  by  Kluckow  %)  and  Nechamkin 
Mark  (6)  describes  the  application  of  some  simple  chemical  t 
such  as  those  for  nitrogen,  chlorine,  and  sulfur.  The  chro 
acid  oxidation  of  natural  rubber  to  acetic  acid  is  described 
Kuhn  and  L’Orsa  (5);  Burger,  Donaldson,  and  Baty  (2) 
scribe  a  quantitative  procedure  based  on  this  reaction, 
method  for  the  detection  of  natural  rubber,  which  depends  u] 
the  development  of  a  purple  color  when  the  brominated  prod 
is  reacted  with  phenol,  was  given  by  Weber  (10)  and  was  furt 
developed  by  Kirchhoff  (3).  The  method  was  modified 
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D.eyn  and  applied  to  the  testing  of  synthetic  rubbers  (9). 
triments  conducted  in  this  laboratory  indicate  that  Buna  N 
ne  detected  by  the  hydrolysis  of  the  nitrile  group  to  an  am- 
)ium  salt  in  the  presence  of  sulfuric  acid.  The  relative  resist- 
(  of  the  hydrocarbon  rubbers  to  the  action  of  strong  oxidizing 
its  has  also  been  investigated,  but  the  results  tend  to  vary 
fly  with  the  type  of  compounding. 

hliable  results  have  been  obtained  by  the  use  of  a  procedure 
ih  depends  upon  an  approximate  determination  of  the  pH 
ijspecific  gravity  of  the  pyrolysis  products.  The  tests  are 
cle  to  apply  and  can  readily  be  combined  into  a  single  test 
[ble  of  distinguishing  six  of  the  eight  types  considered. 

Ssample  of  the  polymer  is  dry-distilled  under  standardized 
litions  and  a  portion  of  the  distillate  collected  beneath  the 
»ce  of  two  previously  prepared  solutions.  Solution  I  is  yellow 
dor  and  is  buffered  at  a  pH  of  4.7  with  a  citric  acid-sodium 
|£  mixture.  It  contains  thymol  blue  and  bromothymol 
i  and  the  specific  gravity  is  adjusted  to  0.850  with  methyl 
col.  Solution  II  is  blue  in  color  and  contains  sodium  citrate 
jiromophenol  blue.  The  pH  is  adjusted  to  8.4  and  the  spe- 
^ravity  to  0.890. 


te  color  changes  which  the  solutions  undergo  at  different  pH 
Is  are  indicated  in  Figure  1.  The  cross-hatched  areas  show 
transition  intervals.  Table  I  describes  the  changes  which 
[place  in  the  two  solutions  when  the  pyrolysis  products  from 
Substances  considered  are  distilled  into  them.  Buna  N  and 
I  similar  materials  yield  ammonia  and  amines  in  sufficient 
pity  to  produce  a  green  color  in  solution  I.  If  solution  I 
pes  red  and  solution  II  yellow,  the  presence  of  a  compound 
lining  chlorine,  such  as  Neoprene  GN,  chloroprene-nitrile 
piers,  or  polyvinyl  chloride,  is  indicated.  Polyvinyl  acetate 
lices  acetic  acid  and  both  solutions  become  yellow. 


In  the  case  of  natural  rubber  it  is  known  that  volatile  hydrocar¬ 
bons  are  formed  which  do  not  condense  under  the  conditions  of 
the  test  (7) ;  the  values  obtained,  therefore,  depend  upon  a  suc¬ 
cessful  reproduction  of  the  experimental  conditions.  The  oil 
produced  from  Buna  S  sinks  to  the  bottom  of  the  test  tubes  in 
both  solutions,  while  that  from  natural  rubber  sinks  in  solution 
I  but  floats  in  solution  II.  Butyl  rubber  produces  a  white,  diffi¬ 
cultly  condensable  vapor  and  a  small  amount  of  a  straw-yellow 
oil  which  floats  on  the  surface  of  both  solutions. 


Figure  2 


SOLUTIOH  I 


SOLUTIOH  II 


POLYVINYL  ACETATE 
NEOPRENE  GROUP 

ALL  OTHERS 

YELLOW 

BLUE 

pH  3.0  3.6  8.4 


Figure  1 


Hural  rubber,  Buna  S,  and  butyl  yield  neutral  products 
ii  do  not  materially  affect  the  color  of  either  solution.  They 
listinguished  from  one  another  by  differences  in  the  specific 
Hies  of  their  pyrolysis  products  as  indicated  by  their  behavior 
le  two  solutions  (Table  I).  Table  II  shows  some  typical 
s  obtained  for  the  decomposition  products  of  the  three  mate- 


Table  I 


Rubber  Type 


Buna  N 
Neoprene  GN 
Chloroprene  nitrile 
Polymers 

Polyvinyl  chloride 
Polyvinyl  acetate 
Buna  S 

Natural  rubber 
Butyl 


Pyrolysis  Products 


Color  of  Solution 


i 

II 

Yellow 

Blue 

Green 

Blue 

Red 

Yellow 

Yellow 

Yellow 

Yellow- 

Blue 

Yellow 

Blue 

Yellow 

Blue 

Density  Behavior 
of  Condensate 
I  II 


Sinks 

Sinks 

Sinks 

Sinks 

Sinks 

Sinks 

Sinks 

Sinks 

Sinks 

Floats 

Floats 

Floats 

Several  additional  tests  are  necessary  for  confirmatory  purposes 
and  to  distinguish  between  substances  which  fall  in  the  same 
group.  Buna  N  on  pyrolysis  produces  small  quantities  of  cy¬ 
anides  which  are  detected  by  the  familiar  Prussian  blue  test. 
This  reaction  is  also  of  value  in  establishing  the  presence  of  ni¬ 
trile  nitrogen  in  chloroprene-nitrile  mixtures.  The  Beilstein  test 
is  of  value  for  the  detection  of  polymers  containing  chlorine,  par¬ 
ticularly  when  other  polymers  are  present.  Neoprene  GN  is 
distinguished  from  polyvinyl  chloride  by  the  fact  that  com¬ 
pounds  based  on  it  rapidly  decolorize  a  solution  of  iodine  in  car¬ 
bon  tetrachloride.  The  Weber  test  for  natural  rubber  (10)  is  of 
value  for  confirmatory  purposes  and  for  the  detection  of  mixtures. 
The  test  may  be  applied  directly  to  compounded  samples  without 
previous  treatment  . 


Table  II.  Specific  Gravities  at  25°/4°  C. 

Gum  Rubber  Cured 

Butyl  0.843  0.842 

Natural  rubber  0.860  0.873 

BunaS  0.935  0.925 


The  rubber  is  brominated  and  heated  with  phenol  dnd  the  melt, 
diluted  with  chloroform.  Natural  rubber  produces  an  opaque 
purple  solution,  Buna  S  a  colorless  to  a  faint  purple  solution, 
Neoprene  a  brown  solution,  and  Buna  N  a  colorless  solution  (9). 
These  colors  may  be  modified  by  the  presence  of  soluble  com¬ 
pounding  ingredients,  but  the  color  produced  from  natural  rub¬ 
ber  is  always  recognizable.  A  colored  flow  chart  showing  the  re¬ 
actions  obtained  is  useful  for  the  interpretation  of  results  and  the 
instruction  of  plant  operators. 

APPARATUS 

When  only  a  few  tests  are  to  be  made,  the  use  of  16  X  150  mm. 
Pyrex  test  tubes  equipped  with  glass  condensing  arms  is  satisfac¬ 
tory.  A  Bunsen  burner  adjusted  to  give  a  blue  cone  is  a  conven¬ 
ient  source  of  heat. 
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For  large-scale  testing,  an  electrically  heated  furnace  of  the  type 
shown  in  Figure  2  is  desirable.  The  .well  contains  a  metal  cast¬ 
ing  bored  to  accommodate  three  16  X  100  mm.  quartz  tubes. 
The  depth  is  adjusted  so  that  4'cm.  of  the  length  of  the  tubes  pro¬ 
ject.  The  temperature  of  the  metal  block  is  regulated  by  a 
rheostat  at  530°  to  550°  C.  Side  arms  made  from  Pyrex  tubing, 
5  mm.  in  outside  diameter,  having  a  horizontal  length  of  12  cm. 
and  a  vertical  length  of  6  cm.,  are  provided.  After  completing  a 
test,  the  residue  is  removed  from  the  quartz  tube  by  ignition  and 
the  side  arm  cleaned  with  carbon  tetrachloride. 

REAGENTS 

Solutions  I  and  II  are  prepared  according  to  the  formulas  and 
the  specific  gravities  determined.  They  are  adjusted  with  methyl 
alcohol  or  water  to  within  ±0.0005  of  the  required  value.  Two- 
milliliter  portions  are  placed  in  10  X  75  mm.  test  tubes  and  kept 
tightly  stoppered  prior  to  use. 

Solution  I  contains  0.5  gram  of  sodium  citrate  (2Na3C6H507.- 
11H20),  1.00  gram  of  citric  acid,  0.04  gram  of  thymol  blue,  and 
0.10  gram  of  bromothymol  blue  dissolved  in  a  mixture  of  1000  ml. 
of  methyl  alcohol  and  210  ml.  of  water.  The  pH  is  4.7  at  25°  C. 
and  the  specific  gravity  0.850  at  25°/4°  C. 

Solution  II  contains  2.00  grams  of  sodium  citrate  and  0.01 
gram  of  bromophenol  blue  dissolved  in  a  mixture  of  780  ml.  of 
methyl  alcohol  and  380  ml.  of  water.  The  pH  is  8.4  at  25°  C. 
and  the  specific  gravity  0.8900  at  25°/4°  C. 

The  following  reagents  are  required  for  carrying  out  the  con¬ 
firmatory  tests:  5%  ferrous  sulfate  solution  containing  1  ml. 
of  concentrated  hydrochloric  acid  per  100  ml.,  5%  sodium  hy¬ 
droxide  solution,  10%  hydrochloric  acid  solution,  55%  sulfuric 
acid  solution  (by  weight),  a  solution  of  iodine  in  carbon  tetra¬ 
chloride  containing  0.2  gram  per  liter,  bromine,  and  phenol. 

GENERAL  PROCEDURE 

The  rubber  is  stripped  from  adhering  fabric  and  a  1-gram 
sample  placed  in  a  quartz  tube.  A  side  arm  is  attached  and  the 
tube  placed  in  the  furnace  at  530°  to  550°  C.  After  about  1 
minute  the  sample  begins  to  decompose.  When  droplets  of  con¬ 
densate  appear  in  the  vertical  section  of  the  side  arm,  the  end  is 
dipped  beneath  the  surface  of  2  ml.  of  solution  I  contained  in  a 
10  X  75  mm.  test  tube.  After  5  to  10  seconds,  or  when  enough 
oil  has  collected  to  cover  the  surface  of  the  liquid,  the  tube  is  re¬ 
moved  and  the  process  repeated  with  solution  II.  The  tubes  are 
cooled  for  a  few  minutes  until  thermal  equilibrium  is  established 
and  then  shaken  sharply  to  determine  whether  the  droplets 
formed  will  sink  or  float.  The  colors  of  the  solutions  and  the 
positions  of  the  droplets  are  noted  and  the  sample  is  classified 
according  to  the  information  provided  in  Table  I. 

CONFIRMATORY  TESTS 

Group  I.  The  presence  of  Buna  N  is  confirmed  by  combining 
the  contents  of  the  tubes  used  in  the  initial  test  and  adding  1 
drop  of  sodium  hydroxide  solution,  and  1  ml.  of  ferrous  sulfate 
solution.  The  tube  is  heated  gently  for  a  minute  and  then  acidi¬ 
fied  with  hydrochloric  acid.  If  a  fine  green  precipitate  is  formed, 
the  presence  of  nitrile  nitrogen  in  the  original  sample  is  indicated. 
The  suspension  appears  green  under  the  conditions  of  the  test, 
owing  to  the  presence  of  the  indicators. 

Group  II.  The  Prussian  blue  test  described  above  wdll  dis¬ 
tinguish  between  Neoprene  GN  and  chloroprene-nitrile  polymers. 

A  0.2-gram  sample  of  the  elastomer  is  shaken  with  2  ml.  of 
iodine  solution.  If  the  violet  color  noticeably  fades  in  2  to  3 
minutes,  the  sample  is  Neoprene  GN;  if  it  persists,  the  sample 
is  based  on  polyvinyl  chloride. 

Group  III.  A  0.2-gram  sample  is  placed  in  a  test  tube  to¬ 
gether  with  2  ml.  of  55%  sulfuric  acid  and  warmed  gently.  If 
decomposition  occurs,  the  compound  is  based  on  polyvinyl  ace¬ 
tate. 

Group  IV-V.  To  detect  possible  interference  from  the  pres¬ 
ence  of  asphaltic  extenders  in  the  test  which  distinguishes  natural 
rubber  from  Buna  S,  a  0.2-gram  sample  is  shaken  with  2  to  3 
ml.  of  chloroform.  If  the  chloroform  darkens  noticeably,  the 
test  should  be  repeated  on  a  sample  which  has  been  extracted  for 
4  hours  with  chloroform  (I)  and  dried  in  a  vacuum  oven  for  1 
hour  at  70°  C.  or  equivalent. 

To  provide  a  further  distinction  between  natural  rubber  and 
Buna  S,  the  Weber  test  is  of  value.  A  0.1-gram  sample  is  placed 
in  a  test  tube  and  a  drop  of  bromine  added.  The  tube  is  heated 
gently  without  charring  the  contents  and  the  excess  bromine  re¬ 
moved  in  a  current  of  air.  The  sample  is  then  covered  with 
phenol  and  heated  gently  for  a  few  minutes.  After  cooling,  10 
ml.  of  chloroform  are  added.  An  opaque  purple  solution  is 
formed  if  natural  rubber  is  present.  Extracted  samples  of 


Buna  S  give  pale  violet  to  colorless  solutions,  but  compouj 
samples  give  solutions  ranging  from  a  fight  yellow  to  a  deep  br 
It  has  been  reported  that  as  little  as  10  mg.  of  rubber  can  be  di 
ted  by  this  reaction  (9). 

Group  VI.  The  destructive  distillation  of  Butyl  rubber  y 
a  white,  difficultly  condensable  vapor.  A  fight-yellow  mi 
oil  is  obtained. 

DISCUSSION 

The  tests  described  have  been  applied  to  various  material 
•eluding  tires,  tubes,  mechanical  goods,  oil-resistant  tubing, 
gas  tank  finings.  They  have  been  successfully  used  to  idei 
reclaims  made  from  natural  rubber,  Buna  S,  Buna  N,  and  ] 
prene  GN.  For  routine  factory  testing,  the  initial  pyrolysis 
cedure  supplemented  by  the  Prussian  blue  test  is  adequate, 
auxiliary  tests  described  are  of  value  when  a  referee  methc 
desired. 

A  complete  discussion  of  the  limitations  and  interfere 
would  be  too  extensive  for  review,  but  a  few  specific  example: 
of  interest.  Although  the  presence  of  citric  acid  and  sodiur 
trate  in  the  test  solutions  ordinarily  supplies  sufficient  buffe 
action  to  prevent  interference  from  minor  amounts  of  compoi 
ing  ingredients,  the  presence  of  large  amounts  of  fabric  in  a  sai 
may  influence  the  result.  In  the  case  of  Buna  N,  for  insta 
the  initial  green  color  reaction  is  not  produced,  and  the  sai 
may  be  confused  with  Buna  S.  This  difficulty  can  be  overc 
by  first  removing  the  fabric  or  by  applying  the  specific  Prus 
blue  test.  Buna  S  samples  compounding  with  5  parts  of  a  di 
amine  antioxidant  were  not  sufficiently  alkaline  on  pyrolysi 
produce  a  color  change.  Similar  compounds  accelerated  i 
0.75  part  of  hexamethylene  tetramine  were  also  tested  suet 
fully. 

An  investigation  of  the  reliability  of  the  tests  based  on  the 
ferences  in  the  specific  gravities  of  the  pyrolysis  products  i 
cates  that  although  compounds  can  be  made  up  in  the  laborai 
which  do  not  fall  within  the  scope  of  the  method,  they  are 
representative  of  the  great  majority  of  compounds  which  are 
countered  in  actual  practice.  An  increase  in  the  combined  su 
content  tends  to  increase  the  specific  gravity  of  the  pyrol 
product  obtained  from  natural  rubber.  However,  samples  < 
taining  5  parts  of  combined  sulfur  can  be  tested  successfi 
Low-melting  asphaltic  softeners  do  not  interfere  in  amounts 
to  10  parts.  Mineral  rubber  does  not  interfere,  as  the  rubber 
composition  products  distill  over  first.  In  making  tests  on  o 
pounds  of  this  type,  it  is  necessary  to  control  pyrolysis  temp 
ture  carefully,  and  follow  the  details  of  the  procedure.  The  1 
portion  of  the  distillate  which  comes  over  should  be  tested  rat 
than  that  portion  which  is  obtained  on  prolonged  combust 
Interferences  from  extenders  in  amounts  greater  than  those  sta 
can  be  eliminated  by  a  preliminary  chloroform  extraction,  or 
test  can  be  confirmed  by  the  use  of  the  Weber  color  reaction. 

The  detection  of  mixtures  has  not  been  discussed.  W 
many  identifications  can  be  made  by  the  methods  described 
some  cases  the  analytical  techniques  involved  are  not  rea' 
adaptable  to  factory  procedure. 
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Determination  of  Gallic  Acid  Added  to  Fats  and  Oils 
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methods  have  been  developed  for  the  quantitative  determina- 
sf  gallic  acid  added  as  an  antioxidant  to  fats  and  oils.  A 
ophotometric  study  of  gallic  acid  in  dilute  solutions  of  acid 
ilkali  is  reported.  The  molecular  extinction  coefficient  of 
,  acid  in  0.01  N  hydrochloric  acid  at  270  to  271  m^u  was  found 
9847.  A  colorimetric  method  based  on  the  color  produced 
:l  7  by  a  ferrous  tartrate  reagent  has  been  established  for  use 
1  photoelectric  colorimeter. 


0  methods  have  been  developed  for  the  quantitative 
termination  of  gallic  acid  and  have  been  applied  specifi- 
to  the  estimation  of  the  concentration  of  gallic  acid 
l  as  an  antioxidant  to  various  fats  and  oils.  The  gallic 
used  as  the  standard  and  as  the  antioxidant  in  all  cases 
r  sample  of  Mallinckrodt’s  analytical  grade  which  was  dried 
D°  C.  for  24  hours. 

SPECTROPHOTOMETRIC  ANALYSIS  FOR  GALLIC  ACID 

spectrophotometric  measurements  were  made  with  a 
nann  Model  DU  spectrophotometer,  with  a  hydrogen  dis- 
e  tube  as  the  source  of  the  ultraviolet  radiation. 

>reliminary  study  of  the  absorption  spectrum  of  gallic  acid 
ueous  solution  showed  that  the  position  and  height  of  the 
ption  peak  varied  with  the  concentration  of  gallic  acid  in 
ulution  (Figure  1).  This  fact  suggested  that  ionization 
be  concerned,  as  indeed  it  is.  In  0.01  N  hydrochloric 
he  ionization  effect  is  suppressed  and  the  absorption  maxi- 
is  independent  of  the  concentration. 

contrast  to  the  colorless  solution  produced  when  gallic 
s  dissolved  in  dilute  acid,  a  green  colored  solution  is  pro- 
with  dilute  alkali  of  a  normality  of  2  X  10-3.  This  alka¬ 


line  solution  does  not  possess  the  characteristic  absorption  peaks 
which  were  typical  of  gallic  acid  in  0.01  N  hydrochloric  acid  in 
distilled  water,  and  in  1  X  10“ 4  N  alkali.  Figure  2  indicates 
clearly  the  change  in  position  and  height  of  the  absorption  max¬ 
ima  with  the  change  in  relative  proportions  of  ionized  and  non- 
ionized  forms  of  gallic  acid. 

Gallic  acid,  a  weak  acid,  has  a  primary  ionization  constant  of 
4.63  X  10~6  for  the  reaction  RH  [H+]  +  [R_]  ( 1 ).  In  acid 

[R— ] 

solution  0.01  N  hydrochloric  acid  the  ratio  of  — — —  is  small, 

[RH  —  R  ] 

while  in  dilute  alkali  (1  X  10“ 4  N  potassium  hydroxide)  this 
ratio  is  of  a  larger  magnitude.  These  two  cases  represent  ex¬ 
tremes  in  the  relative  ratios  of  ionized  to  non-ionized  forms  of 

[R-] 


gallic  acid  in  solution.  If  the  ratio  of 


is  calculated  for 


[RH  -  R-] 

solutions  of  gallic  acid  in  distilled  water  as  a  function  of  con¬ 
centration  (Figure  1)  the  experimentally  observed  shifts  will 
follow  the  change  in  calculated  ratios — i.e.,  the  greater  the  ratio 
the  greater  the  shift  in  maximum  toward  a  shorter  wave  length. 

The  absorption  curve  for  gallic  acid  in  0.01  N  hydrochloric 
acid  was  measured  and  showed  a  minimum  at  238  to  239  m/t  and 
a  maximum  at  270  to  271  m n  (Figure  2).  When  aliquots  of  a 
standard  solution  of  gallic  acid  were  diluted  to  different  concen¬ 
trations  in  0.01  N  hydrochloric  acid,  the  optical  densities  at  270 
m<u  of  the  various  dilutions  varied  in  direct  proportion  with  their 
concentration  in  the  range  from  0.005  to  0.016  mg.  per  ml.  The 
molecular  extinction  coefficient  was  calculated  to  be  9847  on  the 
basis  of  a  molecular  weight  of  170.1  for  gallic  acid  by  the  equation: 


where 


CL 


jure  1.  Spectral  Curve  for  Gallic  Acid  in  Distilled  Water 
76  x  10 ''mole  p«i liter.  □  5. 88  x  1 0 ~s  mole  per  liter.  A  3.53  x  10'*  mole 
per  liter 


d  ==  optical  density  = 

log  intensity  of  incident  light  (/  0) 
intensity  of  transmitted  light  (7) 
C  =  concentration  in  moles  per  liter 
L  =  thickness  of  the  solution  in  cm. 


Hertzdwna  and  Marchlewski  (8)  found  an  absorption  mini¬ 
mum  at  238  m/d  and  an  absorption  maximum  at  265  mju  for  gallic 
acid  in  aqueous  solution.  The  concentrations  of  gallic  acid  were 
2  X  10“ 4  and  1  X  10-4  mole  per  liter.  From  the  magnitude  of 

[R-] 


the  calculated  ratio  of 


[RH  -  R- 


for  these  two  solutions  one 


would  predict  the  absorption  maximum  in  the  region  of  264  to 
265  m/u. 


COLORIMETRIC  ANALYSIS  FOR  GALLIC  AC'n 

A  colorimetric  method  for  the  determination  ot  gallic  acid  has 
been  developed,  based  on  the  Cut,,  developed  by  ferrous  tartrate 
in  the  presence  of  polyphenolic  compounds  ( 2 ,  4)  ■  With  certain 
modifications  it  should  be  applicable  to  polyphenolic  compounds 
other  than  gallic  acid. 

Two  milliliters  of  the  freshly  prepared  color  reagent  (0.5% 
sodium  potassium  tartrate  and  0.1%  ferrous  sulfate)  were 
added  to  an  aqueous  solution  of  the  gallic  acid  sample  in  a  100- 
ml.  volumetric  flask.  A  violet  color  developed  when  the  solu¬ 
tion  was  buffered  to  pH  7  by  the  addition  of  10  ml.  of  a  10% 
solution  of  ammonium  acetate  and  sufficient  distilled  water  to 
adj  ust  the  final  volume  of  the  reaction  mixture  to  100  ml. 

When  the  absorption  curve  for  the  violet  solution  was  meas¬ 
ured  in  the  Beckmann  spectrophotometer,  it  was  found  to  have 
an  absorption  maximum  at  540  m«  (Figure  3). 
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Figure  2.  Spectral  Curves  for  Gallic  Acid  in  Dilute  Solution  of 
Acid  and  Alkali 

Concentration  of  gallic  acid,  5.88  x  10"5  mole  per  liter.  O  1  x  10~2  N  HCI. 
X  Dis.illed  water.  #1  xIO  'WKOH,  J2x1Q-3iVKOH 


In  order  to  measure  quantitatively  the  depth  of  the  violet 
color,  samples  of  various  dilutions  were  examined  in  an  Evelyn 
photoelectric  colorimeter,  with  a  540  mu  filter.  It  was  found 
that  a  linear  relationship  existed  between  the  concentrations  of 
gallic  acid  used  to  develop  the  color  and  the  intensity  of  the 
color  as  measured  by  the  L  readings  (log  100  —  log  galvanometer 
reading  for  the  sample).  The  concentrations  of  gallic  acid  em¬ 
ployed  in  the  standardization  wrere  between  0.2  and  1.0  mg. 
per  100  ml.  of  solution.  The  blank  contained  only  the  color 
reagent  and  the  buffer.  The  slope  of  the  resulting  best  straight 
line  was  calculated  by  the  method  of  least  squares  to  be  0.325  =*= 
0.006.  This  slope  represents  the  K  value  to  be  used  in  the  cal¬ 
culation  of  gallic  acid  concentrations  in  experimental  samples 
from  the  equation: 


where 

L  =  log  100  —  log  G  (where  G  is  the  galvanometer  reading  of 
the  sample  obtained  under  conditions  such  that  the 
galvanometer  reading  for  th  ■  reagent  blank  was  100) 

C  =  concentration  in  mg.  of  gallic  acid  per  100  ml.  of  solution. 

The  violet  color  developed  rapidly  and  was  found  to  be  stable 
for  several  hours.  Addition  of  twice  the  specified  amount  of 
color  reagent  did  not  increase  the  intensity  of  the  color  pro¬ 
duced,  nor  did  the  addition  of  a  drop  of  concentrated  ammonium 
hydroxide  affect  the  color.  These  facts  provide  a  satisfactory 
degree  of  flexibility  in  the  application  of  the  method. 

APPLICATION  OF  METHODS  TO  ESTIMATION  OF  GALLIC  ACID  ADDED 
AS  AN  ANTIOXIDANT  TO  FATS  AND  OILS 

In  order  to  remove  the  gallic  acid  from  a  fat  sample,  a  weighed 
amount  (5  to  10  grams)  of  the  fat  or  oil  was  extracted  by  adding 
65  ml.  of  distilled  water  and  bringing  the  mixture  to  a  boil. 
The  mixture  was  set  aside  to  cool  and  then  filtered  into  a  100-ml. 
volumetric  flask  through  a  water-wet  filter  paper  which  allowed 


the  aqueous  solution  to  pass  but  retained  the  oil.  The  orig 
flask  and  the  filter  paper  were  washed  with  an  additional  20 
of  distilled  water  in  divided  portions  (5  ml.),  and  then  the  o 
bined  extract  and  washings  were  ready  for  analysis  by  eit 
of  the  above  methods.  For  the  spectrophotometric  method, 
combined  extract  and  washings  were  made  to  volume  (100  i 
before  analysis.  In  the  colorimetric  method,  however,  the  c< 
reagent  (2  ml.)  and  buffer  solution  (10  ml.)  were  added  bel 
the  resulting  solution  was  made  to  volume  (100  ml.).  If 
concentration  of  gallic  acid  was  too  high  (1  mg.  per  100  ml 
the  colorimetric  and  1.6  mg.  per  100  ml.  in  the  spectrophf 
metric  method)  to  be  within  the  range  of  either  method, 
solution  was  made  to  volume  and  suitable  aliquots  were  taken 
analysis. 

The  recoveries  by  both  spectrophotometric  and  colorimt 
methods,  when  known  amounts  of  gallic  acid  were  added 
samples  of  cottonseed  oil,  are  giveD  in  Table  I.  Gallic  aei 
not  appreciably  soluble  in  cottonseed  oil  and  each  sample  te: 
was  really  a  suspension  of  gallic  acid.  This  fact  limited  the 


Table  1.  Recoveries  of  Gallic  Acid 

Colorimetric 

Spectrophotometric 

Added 

Found 

Added 

Found,J 

Mg. 

Mg. 

Mq. 

Mg. 

0.40 

0.37 

0.50 

0.49 

0.38 

0.25 

0.27 

0.20 

0.21 

0.60 

0.59 

0.15 

0.15 

0.59 

0.10 

0.10 

0.80 

0.78 

a  Average  of  duplicate  anah’ses. 

0.80 

Table  II. 

Results  on 

Unknown  Experimental  Samples 

Concentration  of  Gallic  Acid 

Spectrophotometric 

Colorimetric 

Sample 

method 

method 

Mg./g. 

Mg./g. 

1 

0.265 

0.263 

2 

0.120 

0.110 

3 

0.0025 

0.0033 
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i  of  duplicate  analyses  beyond  the  ordinary  tolerance  of 
©photometric  or  colorimetric  analyses.  In  Table  II  are 
obtained  by  both  methods  on  some  unknown  experimental 
es. 

SUMMARY 

ctrophotometric  method  and  a  colorimetric  method  have 
itieveloped  for  the  quantitative  determination  of  gallic  acid, 
■ession  of  the  ionization  of  gallic  acid  in  the  former  method  is 
;ary.  The  latter  method  may  be  applied  to  other  poly- 
lic  compounds. 


LITERATURE  CITED 

(1)  Abichandani,  C.  T.,  and  Jatkar,  S.  K.  K„  J.  Indian  Inst.  Sci., 

21A,  417-41  (1938). 

(2)  Glasstone,  S.,  Analyst,  50  49-53  (1925). 

(3)  Hertzdwna,  G.,  and  Marchlewski,  L.,  Bull,  intern,  acad.  polonaise 

classe  sci.  math,  not..  Series  A,  45-63  (1934-35). 

(4)  Mitchell,  C.  A.,  Analyst ,  48,  2-15  (1923) 

The  work  described  in  this  paper  was  done  under  a  contract,  recommended 
by  the  Committee  on  Medical  Research,  between  the  Office  of  Scientific 
Research  and  Development  and  the  University  of  Pittsburgh.  Contribu¬ 
tion  No.  521  from  the  Department  of  Chemistry,  University  of  Pittsburgh. 


,hotometric  Method  for  Determination  of  Hemicellulose 

CHARLES  J.  BARTON  AND  ARTHUR  J.  PRUTTON1,  Industrial  Rayon  Corp.,  Cleveland,  Ohio 


first  step  in  the  production  of  viscose  rayon  is  the 
eping  of  the  pulp  in  18%  sodium  hydroxide  solution  to 
rt  the  cellulose  to  soda  cellulose  and  to  remove  the  greater 
if  the  alkali-soluble  material  contained  in  the  pulp.  This 
•soluble  material  is  usually  referred  to  as  hemicellulose. 
ding  to  Heuser  ( 1 )  for  sulfite  pulp,  it  consists  principally  of 
led  cellulose,  with  some  xylan  and  mannan.  A  constant 
elatively  low  hemicellulose  concentration  in  the  steeping 
)n  is  required,  necessitating  the  use  of  a  recovery  system 
pnomical  plant  operations.  In  order  to  assure  the  neces- 
ilose  control  of  hemicellulose  concentration,  a  number  of 
tarnations  must  be  made  daily  in  a  viscose  plant, 
hous  methods  used  in  the  Industrial  Rayon  laboratories 
ed  oxidation  of  the  hemicellulose  with  chromic  acid-sulfuric 
fixtures  by  boiling  for  different  lengths  of  time,  either  with 
hout  a  reflux  condenser,  and  determining  the  excess  of  di- 
ate  iodometrically.  These  methods  give  reproducible 
but  are  time-consuming  and  require  the  use  of  a  rather 
five  chemical,  potassium  iodide.  The  reduction  of  orange 
ic  acid  to  green  chromic  sulfate  results  in  a  mixture  of 
not  suitable  for  accurate  colorimetric  determinations,  but 
Ktent  of  the  reduction  can  be  easily  determined  with  a 
bphotometer  or  filter  photometer. 

'sent  address,  Conti-Glow  Division,  Continental  Lithograph  Corp 
Ind,  Ohio. 


EXPERIMENTAL 

According  to  Jager  (2)  it  is  necessary  to  maintain  a  temper¬ 
ature  of  125°  to  135°  C.  for  at  least  5  minutes  in  order  to  com 
Plete  the  oxidation  of  hemicellulose  and  glucose  with  a  chromic 
aeid-sulfunc  acid  mixture.  However,  one  of  the  authors  found 
that  in  the  temperature  range  130°  to  140°  C.  the  reaction  is  es¬ 
sentially  complete  in  one  minute  or  less— further  heating  changes 
the  results  so  little  that,  for  control  work,  the  additional  time 
required  is  considered  unjustified.  The  authors’  method  assumes 
that  the  composition  of  the  dissolved  hemicellulose  is  the  same 
at  all  times,  since  a  change  in  composition  would  result  in  a  dif¬ 
ferent  reducing  power  per  unit  weight  of  hemicellulose.  Uni¬ 
formity  in  the  composition  of  the  hemicellulose  is  assured  by  the 
high  degree  of  uniformity  of  the  pulp  supplied  to  rayon  manu¬ 
facturers. 

A  wide  range  of  hemicellulose  concentrations  is  encountered 
'n .these  laboratories.  In  order  to  obtain  high  sensitivity  and 
still  keep  the  method  simple  as  possible,  the  same  amount  of  N 
potassium  dichromate  solution,  5.0  ml.,  is  mixed  with  varying 
amounts  of  hemicellulose  solution,  according  to  the  concentration 
present.  The  following  table  shows  the  amount  of  sample  used 
tor  the  different  hemicellulose  concentrations: 


Concentration 
Range,  % 

0 . 00-0 . 12 
0.12-0.30 
0.30-1.20 
1.2  -2.4 


Ml.  of  Sample 
25.0 
10.0 
2.0 
1.0 


For  samples  less  than  25.0  ml.,  suffi¬ 
cient  c.p.  sodium  hydroxide  solution  or 
distilled  water  is  added  to  bring  the 
volume  to  25.0  ml.  Small  variations  in 
the  sodium  hydroxide  concentration  of 
the  solutions  do  not  affect  the  results 
appreciably,  but  the  sodium  hydroxide 
concentration  should  be  approximately 
the  same  as  in  the  hemicellulose  solu¬ 
tions  used  in  preparing  the  calibration 
curves.  Finally,  25  ml.  of  concentrated 
sulfuric  acid  are  added  cautiously  to 
the  mixture  of  potassium  dichromate 
and  sodium  hydroxide  solutions  in  a 
250-ml.  Erlenmeyer  flask.  The  solution 
is  boiled  for  about  30  seconds  and  then 
cooled.  The  final  volume  is  49  ±  1  ml. 
The  solutions  thus  prepared  are  stable, 
showing  no  change  in  transmittance  at 
600  millimicrons  after  standing  for 
months  in  glass  bottles. 

All  transmittance  measurements  were 
made  with  a  Coleman  Universal  spec¬ 
trophotometer.  The  solution  cuvettes 
have  a  thickness  of  13  mm.  The  wave 
band  passing  through  the  exit  slit  is  35 
millimicrons  wide.  Distilled  water  is 
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liemicellulose  concentrations,  25  ml.  of  N  pc 
sium  dichromate  are  mixed  with  5.0  ml 
hemicellulose  solution  in  a  250-mi.  Pyrex  \ 
metric  flask,  and  25  ml.  of  concentrated  sull 
acid  are  added  cautiously.  The  solutio 
heated  to  boiling,  cooled,  and  diluted  to 
mark  with  distilled  water,  and  the  trans 
tance  of  the  well-mixed  solution  at  600  n 
microns  is  measured. 

This  method,  in  addition  to  the  advan 
of  the  larger  sample,  also  eliminates  the  vol 
error.  Dilution  to  a  definite  volume  can 
be  used  with  the  first  method  described.  E 
ever,  a  rather  slow  change  in  the  color  of 
solution  takes  place  after  dilution.  Figui 
shows  the  change  in  transmittance  of  a  solu 
that  contained  an  excess  of  hemicellulose. 
change  is  very  nearly  complete  in  30  min 
after  dilution.  It  seems  to  be  due  to  th< 
duction  in  concentration  of  sulfuric  acid,  s 
little  change  occurs  when  the  solution  is  dilt 
with  1  to  1  sulfuric  acid  instead  of  ^ 
water. 


SUMMARY 


used  in  the  reference  cell  at  all  times  and  the  transmittance  b 
measured  to  the  nearest  0.25%. 

Figure  1  shows  transmittance  measurements  for  solutions 
prepared  as  above,  using  25.0-ml.  samples  of  sodium  hydroxide 
solutions  containing  varying  amounts  of  hemicellulose.  The 
curves  show  that  the  maximum  spread  between  the  transmittance 
of  the  chromic  acid  and  chromic  sulfate  occurs  at  600  and  625 
millimicrons.  The  former  wave  length  was  chosen  for  trans¬ 
mittance  measurements  because  an  error  in  the  wave-length 
setting  of  the  spectrophotometer  will  result  in  a  minimum  error 
in  the  transmittance  of  the  solution.  If  a  photoelectric  filter 
photometer  is  employed  for  measurements  with  these  solutions, 
a  red  filter  should  be  used. 

Calibration  curves  were  prepared,  following  the  procedure 
outlined  above,  measuring  the  transmittance  of  the  cooled  solu¬ 
tion  at  600  millimicrons,  and  then  determining  the  hemicellulose 
in  the  same  solution  iodometrically.  The  hemicellulose  concen¬ 
tration  is  calculated  using  the  factor  1  ml.  of  N  potassium  di¬ 
chromate  =  0.00675  gram  of  hemicellulose  (as  glucose).  The 
conditions  assumed  in  the  calculation  of  this  factor — i.e.,  only 
pure  cellulose  present  and  complete  oxidation  to  carbon  dioxide 
and  water — are  not  realized  in  the 
authors’  work,  so  no  claim  is  made 
concerning  the  accuracy  of  the  deter¬ 
minations.  The  results  are  shown  in 
Figure  2,  plotted  on  a  semilogarithmic 
scale.  The  concentration  of  hemicellulose 
is  on  a  weight  basis,  although  the  solu¬ 
tions  were  measured  by  means  of  pipets. 

The  curves  show  that  Beer’s  law  holds 
up  to  a  hemicellulose  concentration  at 
which  nearly  all  the  chromic  acid  is  re¬ 
duced.  This  simplifies  the  preparation 
of  calibration  curves.  For  routine  use, 
charts  were  prepared  from  the  calibration 
curves.  The  precision  under  routine  con¬ 
ditions  is  approximately  ±1.5%,  but  this 
can  be  improved  by  carefully  reproducing 
experimental  conditions.  The  principal 
source  of  error  in  the  method  as  described 
is  in  the  evaporation  loss.  It  is  necessary 
to  control  the  boiling  time  closely. 

In  a  modification  developed  to  permit 
the  use  of  a  larger  sample  for  the  higher 


A  quick  photometric  method  for  the  determination  of 
organic  material  dissolved  in  sodium  hydroxide  solutions  f 
wood  pulp  is  presented.  A  Coleman  Universal  spectrophot 
eter  was  used  in  developing  the  method,  but  it  has  also  1 
used  with  two  different  photoelectric  filter  photometers, 
method  is  well  suited  to  routine  use  and  determinations  cai 
completed  in  5  minutes.  The  authors  believe  that  the  met 
can  be  adapted  for  the  quick  determination  of  a  variety  of  org: 
materials  dissolved  or  suspended  in  an  aqueous  medium. 
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Purification  and  Gravimetric  Determination  of 


1  -Diethylamino-4-aminopentane 


REUBEN  G.  JONES,  The  Lilly  Research  Laboratories,  Eli  Lilly  and  Company,  Indianapolis,  Ind. 


invenient  method  for  preparing  pure  1 -diethylamino-4-amino- 
ne  is  described.  A  simple  and  accurate  gravimetric  deter- 
lion  of  1-diethylamino-4-aminopentane  has  been  developed, 
I  upon  the  quantitative  precipitation  of  the  amine  as  its  dithio- 
mate  from  acetone  solution  with  carbon  disulfide. 

CONNECTION  with  the  manufacture  of  quinacrine  hydro- 
oride  (I)  it  was  necessary  to  have  a  reliable  method  for 
zing  the  amino  side  chain,  l-diethylamino-4-aminopentane 


/C2H6 

CH3— CH— CH2— CH2— CH2— N< 

i  XC2H6 

NH 


CH3 


(II) 


nmercial  l-diethylamino-4-aminopentane  from  five  differ- 
urces  was  found  to  range  in  purity  from  70  to  96%.  Among 
ipurities  present  were  other  aliphatic  amines,  and,  for  this 
i,  a  simple  titration  with  acid  was  of  no  analytical  value, 
cal  measurements  such  as  refractive  index,  density,  and 
g  range  were  also  found  to  be  of  little  use.  The  conven- 
Van  Slyke  amino  nitrogen  assay  has  been  applied  to  1- 
damino-4-aminopentane  and  is  said  to  give  satisfactory 
3,  but  it  is  specific  only  for  primary  amines.  Obviously,  if 
ther  primary  amines  were  present  as  impurities  in  1-di- 
imino-4-aminopentane,  the  Van  Slyke  assay  would  give 
:ous  results. 

iethylamino-4-aminopentane  reacts  with  carbon  disulfide 
rm  an  unusually  stable  and  insoluble  dithiocarbamate. 
Crystalline  compound  has  proved  to  be  an  excellent  deriva- 
ir  both  the  purification  and  the  gravimetric  determination 
!  amine.  The  precipitation  of  the  dithiocarbamate  from 
us  acetone  solution  containing  about  2  or  3%  water  is 
cally  quantitative,  and  at  the  same  time  it  effects  a  sharp 
ition  of  l-diethylamino-4-aminopentane  from  all  the  impu- 
vhich  have  been  encountered  so  far  in  the  commercial  prod- 


en  it  is  formed  in  the  presence  of  water,  the  dithiocarbamate 
llizes  with  0.5  molecule  of  water.  Analysis.  Calculated 
oH22N2S2.1/2H20:  N,  11.5.  Found:  N,  11.5.  It  is  prob- 
iest  represented  as  an  intramolecular  salt  (III)  (S) : 

H  CH, 

|  I  J3 

>N— CH2— CH2— CH2— CH— NH— cf  .7jH20 
!sH/+  \S 

(HI) 

[en  formed  in  absolute  alcohol,  the  dithiocarbamate  con- 
lone-half  molecule  of  alcohol  of  crystallization.  Analysis. 
dated  for  C10H22N2S2.1/2C2H,)OH:  N,  10.9.  Found:  N, 
11.0.  _  The  dithiocarbamate  without  any  solvent  of  crys- 
i  tion  is  obtained  when  the  pure  amine  in  dry,  alcohol-free 
solution  is  treated  with  carbon  disulfide.  All  three  forms 


melt  with  decomposition  at  about  136-138°  C.  (uncorrected). 
Both  the  hemialcoholate  and  the  anhydrous  compound  are 
quickly  converted  to  the  hemihydrate  upon  treatment  with  wa¬ 
ter.  The  hemihydrate  is  soluble  in  water  to  the  extent  of  1.175 
grams  per  100  ml.  and  in  95%  alcohol  to  the  extent  of  0.048  gram 
per  100  ml.  at  30°  C.  In  acetone,  ether,  carbon  disulfide,  or  ben¬ 
zene  the  solubility  is  extremely  small.  Aqueous  alkali  solutions 
readily  dissolve  the  dithiocarbamate,  and  acids  decompose  it  with 
the  liberation  of  carbon  disulfide. 

For  the  purification  of  l-diethylamino-4-aminopentane  the 
dithiocarbamate  was  best  formed  by  adding  the  crude  amine 
slowly  and  with  cooling  and  stirring  to  an  excess  of  carbon  disul¬ 
fide  in  about  3  volumes  of  95%  alcohol,  or  acetone  containing  5  to 
10%  water.  The  compound  was  washed  with  a  little  acetone, 
and  then  treated  with  an  excess  of  concentrated  hydrochloric 
acid.  After  the  liberated  carbon  disulfide  was  removed,  the 
amine  hydrochloride  was  converted  to  the  free  amine  in  the 
usual  way  to  give  a  product  with  a  boiling  range  of  0.5°  to  1  ° 

Pure  l-diethylamino-4-aminopentane  obtained  by  this  pro¬ 
cedure  had  the  following  constants:  boiling  point,  200-200.5°  C. 
(753  mm.);  m2d6,  1.4403  (temperature  coefficient  =  0.00045  per 
degree);  d§6,  0.819.  These  constants  did  not  change  upon  re¬ 
peated  reprecipitation  of  the  amine  as  the  dithiocarbamate,  fol¬ 
lowed  by  reconversion  back  to  the  free  amine. 

A  number  of  other  amines  form  precipitates  with  carbon 
disulfide  in  acetone  solution,  and  if  any  of  them  were  present 
as  impurities  in  l-diethylamino-4-aminopentane  they  might 
interfere  with  its  purification  and  gravimetric  determination. 
Some  of  these  other  substances  are  ammonia,  piperidine,  ethyl- 
enediamine  (I),  A7,V-diethylethylenediamine  (2),  2,3-diamino- 
butane  (4),  l-diethylamino-3-aminopropane,  l-diethylamino-4- 
aminobutane,  l-diethylamino-5-aminopentane,  putrescine,  and 
cadaverine  (3) .  Presumably  all  diamines  structurally  similar  to 
l-diethylamino-4-aminopentane  will  form  acetone-insoluble  di- 
thiocarbamates.  On  the  other  hand,  none  of  the  common  ali¬ 
phatic  monoamines  such  as  methylamine,  ethylamine,  diethyl- 
amine,  ethanolamine,  or  any  tertiary  amines  are  precipitated 
from  acetone  solution  by  carbon  disulfide.  Fortunately,  we 
have  not  found  in  commercial  l-diethylamino-4-aminopentane 
any  of  these  other  amines  which  might  interfere  with  its  purifi¬ 
cation  or  analysis  by  the  dithiocarbamate  method. 


Table  I.  Determinations  Using  Pure  Amine 


(99.72%  by  acid  titration) 


Weight 

of 

2 

4 

Weight  of 
16 

Precipita 

25 

te - 

46 

88 

Sample 

Theoretical 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Gram 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

0.8135 

1.2475 

1.2630 

J .2595 

1.2522 

0.9981 

1 . 5305 

1.5315 

1.5317 

1.5297 

0.8414 

1.2900 

1.2866 

1.2866 

1.2847 

1.2807 

0 . 8798 

1.3491 

1.3458 

1.3458 

1 . 3437 

1.3398 

0.6925 

1 . 0622 

1 . 0569 

1 . 0567 

1 . 0548 

1.0527 

Table  II.  Analyses  of  Known  Mixtures 


(Precipitates  dried  16  hours) 
—Composition - 


No. 

0-Dietbyl- 
a  mi  no- 
ethanol 

1-Diethyl- 

amino- 

pentanol-4 

1-Diethyl- 

amino- 

pentanone-4 

1-Diethyl- 

amino- 

4-amino- 

pentane 

1-Diethylamino- 

4-aminopentane 

Found 

1 

% 

% 

% 

% 

99.72 

% 

99.5,  99.5,  99.3, 

2 

20.3 

5.3 

5.0 

69.6 

99.8.  100.0 
69.9,  69.9,  69.4, 

3 

11.6 

5.0 

5 . 1 

78.3 

69.8 

78.7 

4 

4.9 

5.2 

89.9 

89.5,  90.0,  89.5. 

5 

10.4 

89.6 

89.9 

90.0 

6 

80.4 

4.6 

4,8 

10.2 

8. 5,9. 4 
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Table  III 

Typical  Analyses 

of  Commercial 

1  -Diethylamino-4- 

aminopentane 

(Precipitate 

p?  dried  16  hoars) 

Sample 

Found,  % 

Samplp 

Found,  % 

A 

84.1,83  6  83.7 

E 

78.1,78  1,77.9 

B 

96.8,96  5,96.7 

F 

96  3,  96.3,  96.6 

C 

80.7,80.5 

G 

83 . 8,  83 . 8,  83  9 

D 

86.2,86.2 

H 

81.5,81.0.81.8 

The  gravimetric  determination  of  l-diethylamino-4-amino- 
pentane  consists  of  precipitating  it  as  the  dithiocarbamate  from 
aqueous  acetone  solution  containing  about  2%  water,  collecting 
the  precipitate  on  a  tared  filtering  crucible,  washing  with  ace¬ 
tone,  and  drying  in  vacuum  over  calcium  chloride.  The  acetone 
used  in  the  following  procedure  was  dried  over  potassium  carbon¬ 
ate  and  filtered. 

Procedure.  About  1  gram  of  the  amine  sample  was  weighed 
to  the  nearest  0.1  mg.  into  a  100-ml.  beaker.  Without  delay,  20 
ml.  of  acetone  were  added  by  washing  down  the  sides  of  the 
beaker,  and  this  was  followed  by  0.75  ml.  (15  drops)  of  water. 
To  the  resulting  solution  were  added  10  ml.  of  a  15%  (by  volume) 
solution  of  carbon  disulfide  in  acetone.  The  mixture  turned 
light  brown,  and  after  a  few  seconds  a  white  crystalline  precipi¬ 
tate  began  to  appear.  The  mixture  was  stirred  with  a  small  glass 
rod  for  about  one  minute  or  until  precipitation  was  largely  com¬ 
plete,  and  then  it  was  allowed  to  stand.  After  0.5  hour,  25  ml.  of 
acetone  were  added,  and  the  mixture  was  well  stirred  and  allowed 
to  stand  for  an  additional  0.5  hour. 

The  precipitate  was  loosened  from  the  walls  of  the  beaker  with 
a  rubber-tipped  rod,  and  the  acetone  solution  was  decanted 
through  a  tared  filtering  crucible.  The  precipitate  was  washed 
by  decantation  with  two  10  to  15-ml.  portions  of  acetone  and  then 
transferred  to  the  crucible  with  acetone. 


After  the  precipitate  had  been  sucked  as  dry  as  possible 
crucible  was  placed  over  anhydrous  calcium  chloride  in  a  vac 
desiccator  which  was  evacuated  to  5  to  10  mm.  and  allow* 
stand  at  room  temperature.  The  precipitate  was  weighed 
drying  for  at  least  5  hours  and  preferably  longer. 

As  obtained  by  the  above  procedure,  the  precipitate  hac 
formula  C10H22N2S2.V2H2O.  The  effect  of  the  length  of 
of  drying  the  precipitate  in  vacuum  over  calcium  chloride  is 
cated  in  Table  I.  The  weights  remain  constant  between  If 
25  hours,  but  at  46  hours  some  loss  becomes  apparent.  In 
determinations  on  commercial  samples,  the  weight  becam 
most  constant  after  drying  about  5  to  8  hours.  The  opti 
time  for  drying  is,  therefore,  probably  between  5  and  46  hou: 

Analyses  of  mixtures  containing  known  quantities  of 
ethylamino-4-aminopentane  are  presented  in  Table  II.  T\ 
the  compounds  used  in  the  mixtures,  d-diethylaminoethano 
l-diethylaminopentanone-4,  are  commonly  present  as  impu 
in  l-diethylamino-4-aminopentane.  The  analysis  is  urn 
factory  only  in  the  case  (No.  6)  in  which  1-diethylami 
aminopentane  is  a  minor  constituent  of  the  mixture. 

In  Table  III  are  listed  some  typical  analyses  on  commi 
samples  of  l-diethylamino-4-aminopentane.  The  agreemec 
tween  duplicate  and  triplicate  determinations  is  considered  h 
satisfactory  for  a  method  of  this  kind. 
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Analysis  of  Solutions  of  Ethyl  Ether,  Benzene,  Ethyl 

Alcohol,  and  Neater 

WILLIAM  E.  SHAEFER 

Hercules  Experiment  Station,  Hercules  Powder  Company,  Wilmington,  Del. 


A  method  for  the  analysis  of  mixtures  of  ethyl  ether,  benzene, 
ethyl  alcohol,  and  water  has  been  developed  It  has  been  applied 
to  three  synthetic  mixtures  containing  1  to  15%  ethyl  ether,  1  to 
30%  benzene,  53  to  84%  ethyl  alcohol,  and  7  to  15%  water  and 
shown  to  yield  results  which,  when  expressed  as  per  cent  of  a  compo¬ 
nent  present,  have  an  accuracy  and  a  precision  of  about  1%. 

VARIOUS  methods  are  in  use  for  the  determination  of  ethyl 
ether,  benzene,  and  ethyl  alcohol  individually  in  the  pres¬ 
ence  of  water.  Although  Masson  and  McEwan  (10),  Desmaroux 
(4).  and  Kubias  (7)  studied  ternary  mixtures  of  certain  of  these 
components  with  water,  no  rapid  procedure  has  been  available 
for  the  complete  analysis  of  quaternary  mixtures  of  water  and 
appreciable  quantities  of  each  of  these  solvents.  The  method 
described  in  this  paper  was  developed  for  control  purposes  only 
and  cannot  be  used  for  the  analysis  of  mixtures  of  unknown  com¬ 
position. 

In  the  following  method  the  ether  is  driven  off  and  determined 
by  loss  in  weight;  the  benzene  is  determined  by  measuring  (a) 
the  water-insoluble  portion  of  the  residue  and  ( b )  the  water-im¬ 
miscible  portion  that  remains  in  a  distillate  from  this  ether-free 
residue  after  removing  the  alcohol  from  the  distillate  by  oxidation. 
Alcohol  and  water  are  determined  on  original  samples — alcohol 
by  acetylation  and  water  by  the  Karl  Fischer  method.  Any  one 
of  the  four  components  not  present  in  a  small  quantity,  can  be 
satisfactorily  determined  by  the  difference  between  100%  and 


the  sum  of  the  other  three  components.  The  method  is  a  si 
one  which  requires  no  expensive  equipment. 

Benzene  may  also  be  determined  on  an  original  sample  by 
the  recently  published  colorimetric  methods  of  Dolin  ( ; 
Baernstein  (3),  which  were  not  available  at  the  time  the  m* 
described  in  this  paper  was  being  developed. 

DETERMINATION  OF  ETHER 

Preliminary  experiments  showed  that  ether  could  not  be  1 
rated  easily  and  sharply  from  benzene  and  alcohol  by  distill 
through  a  simple  column  having  a  minimum  holdup.  How 
it  can  be  separated  well  from  the  other  components  if  the  sa 
is  first  treated  with  an  equal  volume  of  water,  regardless  0 
fact  that  a  two-phase  system  may  thus  be  formed. 

Procedure.  A  sample  of  approximately  100  ml.  is  wei 
in  a  300-ml.  round-bottomed  flask  containing  a  few  particl 
Carborundum,  about  100  ml.  of  water  are  added  to  the  flask, 
the  whole  is  weighed  again.  The  flask  is  attached  to  a  3- 
Snyder  column  (13)  as  indicated  in  Figure  1.  A  rather  st 
current  of  air  is  directed  against  the  lower  bulb  of  the  coluir 
ensure  adequate  refluxing,  then  the  flask  is  heated  gently  w 
flame  until  the  distillation  starts.  The  precautions  which  1 
this  operation  a  safe  one  are  shown  in  Figure  1.  The  hef 
must  be  conducted  cautiously  in  case  there  are  two  liquid  la 
in  the  flask.  The  flask  is  heated  until  the  thermometer  sho 
vapor  temperature  of  52°  C.,  and  the  temperature  is  mainta 
as  close  as  possible  to  52°  for  3  minutes.  The  column  is  allowi 
drain  for  1  minute;  the  flask  is  removed  and  weighed  a{ 
The  decrease  in  weight  is  the  weight  of  ether  in  the  sample. 
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Figure  1 .  Diagram  of  Apparatus 


The  distillation  is  continued  until  a  volume 
of  20  to  25  ml.  has  been  collected  in  an 
Eggertz  tube  or  in  a  50-ml.  buret  at  the 
rate  of  1.0  to  1.5  ml.  a  minute.  Fifteen 
milliliters  of  3%  potassium  dichromate 
solution  and  2  ml.  of  concentrated  hydro¬ 
chloric  acid  are  added  to  the  distillate. 
The  mixture  is  shaken  vigorously  and 
allowed  to  stand  for  at  least  15  minutes. 
Exactly  10.0  ml.  of  gasoline  or  naphtha 
are  added  with  an  accurate  pipet  or  buret. 
The  mixture  is  again  shaken  and  allowed 
to  stand  until  the  layers  separate.  The 
volume  of  the  upper  layer  is  read.  This 
volume,  less  10.0  ml.,  is  the  volume  of 
benzene  in  the  benzene-alcohol-water  dis¬ 
tillate.  From  the  total  volume  of  benzene 
found  in  the  two  fractions,  the  per  cent  of 
benzene  in  the  sample  is  calculated.  To 
facilitate  this  calculation,  it  may  be  stated 
that  the  density  of  benzene  varies  from 
0.878  at  20°  to  0.868  at  30°. 


Table  1.  Acetylation 

of  Ethyl  Alcohol 

Alcohol 

Water,  by 

Present, 

Extent  of 

ecimen 

Karl  Fischer 

bv 

Alcohol  Found, 

Acetylation 

No. 

Method 

Difference  by  Acetylation 

of  Alcohol 

% 

% 

% 

% 

i  1 

7.22 

90.77 

7.24 

90.79 

Av.  7.23 

92.77 

90.78 

97.9 

2 

7.80 

90.45 

7.70 

90.59 

90.78 

Av.  7.75 

92.25 

90.61 

98.2 

Av.  98.1 

DETERMINATION  OF  BENZENE 

When  a  considerable  proportion  of  benzene  is  present,  it  has 
tin  found  advisable  to  determine  it  by  measuring  (a)  the  water- 
loluble  portion  of  the  residue  from  the  ether  distillation  and 
i  the  fraction  of  the  water-soluble  portion  of  a  distillate  from 
b  residue  that  is  not  oxidized  by  3%  potassium  dichromate  and 
icentrated  hydrochloric  acid.  These  reagents  oxidize  the 
riiol  in  the  distillate.  This  procedure  was  developed  by  Bab- 
ton  and  Tingle  ( 2 ).  In  case  only  a  little  benzene  is  present, 
re  will  be  no  water-insoluble  portion  in  the  residue  from  the 
er  distillation,  and  the  determination  will  consist  only  of 
isuring  fraction  b — i.e.,  the  benzene  dissolved  in  the  residue. 

’rocedure.  The  residue  left  after  the  distillation  of  ether  is 
led.  If  this  cooled  residue  consists  of  two  layers,  they  are 
iarated  and  the  benzene  is  determined  in  each  of  them  sepa- 
fsly  as  follows:  The  contents  of  the  flask  are  poured  into  a  250- 
separatory  funnel,  and  10  ml.  of  saturated  sodium  chloride 
intion  are  added.  The  flask  need  not  be  rinsed.  The  mixture 
haken  vigorously.  The  lower  layer  is  transferred  to  the  dis- 
ition  flask  previously  used. 

The  upper  layer  in  the  separatory 
nel  is  washed  twice  with  an  approxi- 
tely  equal  amount  of  water,  and  the 
>h  water  is  transferred  each  time  to 
distillation  flask.  This  treatment 
loves  alcohol  from  the  benzene. 

3  benzene  is  then  transferred  either 
,  dry  50-ml.  Eggertz  tube  or  to  a  buret 
ch  has  previously  been  filled  with 
zene  to  the  lowest  graduation  mark. 

3  volume  of  the  benzene  is  read. 

?he  separatory  funnel  is  rinsed  with 
izene-free  ethyl  alcohol  into  the  dis- 
ition  flask  which  contains  water, 

)hol,  and  a  small  amount  of  dissolved 
izene.  The  flask  is  attached  to  the 
/der  column  and  condenser,  and  the 
ition  is  heated  gently,  so  that  the 
filiation  will  start  slowly.  An  air 
rent  is  not  directed  against  the  lower 
i  b  of  the  column  in  this  distillation. 


DETERMINATION  OF  ALCOHOL 

The  original  sample  is  analyzed  for  alcohol  by  the  usual  pyri¬ 
dine  acetylation  method  (12,  15).  In  applying  this  method, 
particular  attention  must  be  given  to  the  size  of  the  samples 
taken.  If  more  than  30%  water  is  present,  it  is  advisable  to  de¬ 
termine  the  alcohol  by  some  other  method.  To  make  this  re¬ 
action  proceed  to  the  maximum  extent,  a  large  excess  (at  least 
300%)  of  acetic  anhydride  is  required. 

The  acetylation  of  ethyl  alcohol  has  been  found  to  be  99.1% 
complete  when  acetyl  chloride  is  used  as  the  reagent  (14),  and 
Moore  and  Blank  (11)  recently  found  that  glycerol  is  acetylated 
to  the  extent  of  99.3%  by  acetic  anhydride  in  pyridine.  Under 
the  usual  analytical  conditions  of  using  acetic  anhydride  in  pyri¬ 
dine,  the  degree  of  acetylation  of  two  specimens  of  95%-bcy 
volume  ethyl  alcohol  was  determined.  Assuming  that  the  alro- 
hol  contained  no  appreciable  impurity  other  than  water,  the  re¬ 
sults  in  Table  I  show  acetylation  to  98%  of  the  stoichiometic- 
value;  therefore  a  correction  factor  of  1.02  was  applied  in  calcu¬ 
lating  the  results  for  ethyl  alcohol  in  the  quaternary  mixtures 
reported  in  Table  II. 

Procedure.  In  preparing  2.4  N  acetylation  reagent,  pyri¬ 
dine  containing  about  0.35%  water  is  used  to  prevent  the  resin  for¬ 
mation  that  would  otherwise  occur  when  the  reagent  is  heated  (16). 
Malm,  Genung,  and  Williams  (9)  have  shown  that  the  addition 
of  water  is  unnecessary  when  the  reaction  is  conducted  at  a 
lower  temperature  and  with  a  less  concentrated  reagent.  Twenty- 
five-milliliter  portions  of  reagent  are  placed  in  each  of  a  number 
of  Erlenmeyer  flasks.  Assuming  the  water  content  of  the  mate¬ 
rial  analyzed  to  be  15%  or  less,  samples  of  approximately  0.8 
gram  are  weighed  directly  into  the  reagent  from  a  Smith  weighing 
buret.  If  a  greater  proportion  of  water  is  present,  the  sample 
must  be  correspondingly  smaller.  It  is  helpful  to  place  a  few 
particles  of  Carborundum  in  each  flask. 

The  flasks  containing  reagent  only,  for  blank  determinations, 
and  those  containing  reagent  plus  samples  are  attached  to  water 
condensers  whose  inner  surfaces  are  dry  and  refluxed  for  at  least 


Table  II.  Analysis  of  Synthetic  Mixtures 

Synthetic 

Mixture  Analysis  Ether  Benzene  Alcohol  Water 


No. 

No. 

Present 

Found 

Present 

Found 

Present 

Found 

Present 

Found 

Total 

% 

% 

% 

% 

% 

% 

% 

% 

1 

1 

1.5 

1.6 

30.2 

29.9 

52.7 

53.2 

15.6 

15.7 

2 

1.3 

29.5 

54.4 

15.8 

3 

1.5 

. . 

53.5 

15.4 

4 

53.1 

Av. 

1.5 

29.7 

53.6 

15.6 

100.4 

2 

1 

14.8 

15.1 

14.7 

14.9 

56.3 

56.8 

14.2 

14.3 

2 

14.1 

15.3 

55.2 

14.2 

3 

14.4 

14.6 

56.3 

14.3 

Av. 

14.5 

14.9 

56.1 

14.3 

99.8 

3 

1 

7.5 

8.0 

1.0 

0.9 

84.3 

84.9 

7.2 

7.1 

2 

7.9 

0.9 

85.1 

7.3 

3 

8.4 

0.7 

85.5 

7.1 

Av. 

8.1 

0.8 

85.2 

7.2 

101.3 

Average  error 

0.4 

0.3 

0.7 

0.1 

Maximum  error 

0.9 

0.7 

1.7 

0.2 
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15  minutes.  The  condensers  are  rinsed  with  water  and  the  solu¬ 
tions  are  cooled  below  20°  C.  and  titrated  with  approximately  N 
sodium  hydroxide.  During  this  titration,  the  solution  should 
be  shaken  vigorously  and  care  should  be  taken  not  to  overstep 
the  end  point.  As  an  additional  precaution  against  saponification 
of  ethyl  acetate  during  titration,  it  is  well  to  add  the  alkali  slowly. 

DETERMINATION  OF  WATER 

Regardless  of  the  amount  of  water  present  in  a  solution,  its 
water  content  may  best  be  determined  by  the  use  of  Karl  Fischer 
reagent  ( 1 ,  6).  In  applying  this  method,  samples  containing 
about  150  mg.  of  water  should  be  measured  from  a  Smith  weighing 
buret  and  placed  directly  in  freshly  dried  150-ml.  balloon  flasks 
containing  25  ml.  of  anhydrous  methanol.  It  is  preferable  to 
make  the  titrations  electrometrically,  using  a  dead-stop  end 
point  (8). 

ANALYSIS  OF  SYNTHETIC  MIXTURES 

The  results  of  a  number  of  analyses  of  three  synthetic  mixtures, 
shown  in  Table  II,  are  considered  sufficiently  accurate  for  a  rou¬ 
tine  control  method. 
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Determination  of  Carbon-Linked  Methyl  Groups 

W.  F.  BARTHEL  AND  F.  B.  LaFORGE 
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IN  CONNECTION  with  investigations  of  pyrethrolone  (4) 
the  authors  have  drawn  important  conclusions  from  the  car¬ 
bon-linked  methyl  content  of  various  fractions  and  derivatives. 
For  the  determination  of  this  grouping  they  have  employed  the 
method  described  by  Pregl  ( 5 ),  which  is  essentially  that  of  Kuhn 
and  L’Orsa  (3),  based  on  chromic  acid  oxidation  of  the  sample 
and  titration  of  the  resulting  acetic  acid.  Since  many  deter¬ 
minations  were  required,  some  modifications  and  simplifications 
in  the  original  method  were  introduced. 

In  general,  little  use  has  been  made  of  terminal-methyl  deter¬ 
minations  in  analytical  studies  of  organic  compounds,  perhaps 
because  theoretical  values  are  seldom  obtained  except  with  cer¬ 
tain  types  of  groupings.  Although  in  general  straight-chain 
compounds  furnish  the  theoretical  yield  of  acetic  acid  with 
great  precision,  other  groupings,  such  as  a  single  methyl  group 
attached  to  an  aliphatic  ring,  usually  yield  somewhat  less  than 
100%,  and  the  result  must  be  considered  in  connection  with  that 
furnished  by  a  reference  compound.  In  many  cases  where  more 
than  one  methyl  group  on  the  same  carbon  atom  is  involved,  or 
where  methyl  groups  are  attached  to  aromatic  rings,  this  method 
seems  to  be  of  doubtful  value. 

The  special  problem  was  to  distinguish  between  the  two  for¬ 
mulas  for  pyrethrolone — formula  I  (or  similar  compounds  with 
the  grouping  C=CH — CH3)  and  formula  II — and  to  estimate 
the  proportions  of  each  in  mixtures. 


CHS 


H2 

HO 


— CHS- 

i— — Lo 


-CH=C=CH — CH3 


CHs 


h2— 

HO— 1 


A-CH. 


Lo 


H 


-CH=CH — CH=CHj 


II 


The  terminal-methyl  determination  of  Pregl  for  carbon-linked  meth 
groups  has  been  modified  for  more  rapid  determinations.  The  t< 
minal-methyl  number,  or  the  number  of  mole  equivalents  of  acel 
acid  produced  from  a  mole  equivalent  of  substance,  has  been  dett 
mined  for  certain  reference  compounds. 


In  both  formulas  the  methyl  group  attached  to  the  penten 
lone  ring  would,  from  analogy  with  similar  known  structure 
furnish  about  0.8  mole  of  acetic  acid  per  mole  of  compound,  whii 
is  about  the  value  that  should  correspond  to  formula  II.  Fc 
mula  I  should  furnish  a  value  of  about  1.8,  because  of  the  secor 
terminal  methyl.  In  the  special  case  of  pyrethrolone  and  i 
derivatives  very  sharp  and  reproducible  results  were  obtaine 
as  is  shown  in  Table  I. 

In  addition  to  making  changes  in  the  method,  the  authors  ha’ 
determined  the  amount  of  acetic  acid  furnished  by  a  number 
structures,  especially  of  cyclic  compounds. 

EXPERIMENTAL 

The  changes  made  in  the  original  directions  consist  in  emplo 
ing  the  apparatus  (Figure  1)  designed  by  Clark  (1)  for  use 
acetyl  semimicrodeterminations,  and  in  eliminating  the  redu 
tion  of  the  excess  chromic  acid  with  hydrazine. 

From  20  to  30  mg.  of  sample  are  weighed  on  a  piece  of  cigar 
paper  in  the  case  of  solids  or,  if  a  liquid,  in  a  small  glass  capsul 
The  sample  is  placed  in  the  oxidation  flask,  A,  together  with  5 n 
of  cold  oxidizing  mixture  made  by  adding  20  ml.  of  concentrate 
sulfuric  acid  to  16.8  grams  of  chromic  anhydride  dissolved 
100  ml.  of  water.  The  finger  condenser,  B,  is  put  in  the  neck 
the  flask,  and  the  mixture  is  refluxed  over  a  microflame  for  1 
hours. 

The  finger  condenser  is  then  removed  and  washed  free  of  ac 
with  as  little  water  as  possible,  the  washings  being  allowed 
run  into  the  flask.  Seven  grams  of  magnesium  sulfate  are  addc 
and  the  flask  is  set  up  for  steam  distillation.  The  flame  is  r 
placed  under  the  flask  during  the  distillation  in  order  to  conce 
trate  the  contents  of  the  flask  while  50  ml.  of  distillate  are  beii 
collected.  The  distillation  is  then  titrated  with  a  0.05  N  bariu 
hydroxide  solution  to  the  neutral  point  of  phenolphthalei 
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Table  II.  Terminal-Methyl  Numbers  of  Reference  Compounds 

Found  by  Kuhn  and 
L’Oraa  by  Acetic 
Acid  Titration"* 1 2 3 4 5 
1.00 
0.85 


Compound 

CHaCOONa 

CH,CH=CHCOOH 


Present  Method 
1.00 
0.96 


HaC< 


-CH=CHCHj 


0.76 


0.85 


CHa 


Figure  1.  Diagram  of  Apparatus 


-CHa 


C2Hs(CH,)C=NNHCONHs 


>=0 


=0 


-OCHa 


0.53 


1.70 


1.66 


1.00 


1.70 


0.29 


A  additional  5  ml.  of  distillate  should  not  change  the  end  point 
ipreciably.  A  correction,  determined  by  a  blank  experiment 
iiwhich  the  organic  material  is  omitted,  is  applied.  Barium 
hfiroxide  is  most  convenient  for  titration,  because  any  trace  of 
af uric  acid  that  might  have  been  carried  over  is  at  once  noticed. 
H  sulfuric  acid  comes  over,  the  determination  must  be  re- 
11  ted. 

•  lowever,  the  Elek  and  Harte  (2)  iodometric  procedure  may  be 
«  d  at  this  point  with  equally  good  results.  An  advantage  of  the 
laer  would  be  in  correcting  for  any  sulfur  dioxide  that  might  be 
aried  over.  In  their  work  the  authors  have  always  used  ample 
adizing  mixture  and  have  never  encountered  trouble  with  sulfur 
ixide  except  when  the  solution  was  concentrated  to  the  point 
fere  charring  occurred  during  distillation.  This  can  be  avoided 
I*  not  permitting  the  solution  to  become  thick.  Should  there  be 
■endency  for  the  solution  to  thicken,  the  flame  is  removed  and 
■  sage  of  steam  continued  until  the  solution  in  the  flask  is  once 
ire  fluid. 

IFhe  terminal-methyl  number  is  the  number  of  mole  equiva- 
Its  of  acetic  acid  produced  from  one  mole  equivalent  of  the 


Table  1 

Precision  of  Method 

Weight  of  0 

.05  N  Barium 

Terminal-Me 

Substance 

Sample 

Hydroxide 

Number 

Gram 

Ml. 

1  yl  methyl  ketone  semi- 

larbazone 

0.0194  , 

5.12 

1.67 

0.0193 

5.07 

1.66 

1  tonic  acid 

0.0190 

4.25 

0.94 

0.0174 

3.96 

0.95 

0 . 0226 

5.19 

0.95 

0 . 0266 

6.16 

0.98 

khylcyclohexene-2 

0.0180 

2.09 

0.53 

0.0216 

2.50 

0.53 

tethrone  semicarbazone 

0 . 0205 

1.95 

0.99 

['action 

0 . 0203 

1.90 

0.97 

1  ethrolone  methyl  ether 

0.0218 

3.07 

1.30 

faction 

0.0216 

3.08 

1.32 

[rahydropyrethrolone 

0 . 0202 

3.20 

1.83 

fcmicarbazone 

0.0203 

3.15 

1.80 

[•ethrolone  (fraction  a) 

0 . 0208 

3.43 

1.42 

0.0221 

3.67 

1.43 

[•ethrolone  (fraction  b) 

0.0213 

2.83 

1.14 

0.0253 

3.23 

1.10 

lium  acetate  (fused) 

0.0235 

5.72 

0.98 

0.0183 

4.80 

1.05 

0 . 0260 

6.37 

0.99 

H| 

hJ 


CH, 

/\=o 


h2 

Hj 

h2  oh 

CH, 


H 


0.80 


1.00 


0.80 


H2 


V 

OH 


H 


a  Kuhn  and  L’Orsa  results  were  given  for  general  structures. 

Last  four  compounds  obtained  through  courtesy  of  L.  W.  Butz,  Bureau  of 
Animal  Industry. 


compound.  The  calculations  are  made  according  to  the  follow¬ 
ing  formula: 

Terminal-methyl  No.  = 

normality  of  alkali  X  (ml.  of  titer  —  blank)  X  mol.  wt.  of  sample 

gram  of  sample  X  1000 

Example.  0.0194  gram  of  ethyl  methyl  ketone  semicarbazone 
(mol.  wt.  129.16)  required  5.12  ml.  of  0.05  N  barium  hydroxide. 
The  blank  was  found  to  be  0.10  ml. 


0.05  X  (5.12  -  0.10)  X  129.16 
0  .0194  X  1000 


=  1.66 


Table  I  illustrates  the  precision  of  the  method.  Table  II  con¬ 
tains  the  results  from  various  typical  compounds,  which  may 
serve  for  reference. 

The  results  may  also  be  expressed  in  terms  of  per  cent  CH3. 
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Spectroscopic  Study  of  Fish  Liver  Oils  in  Relation  to 

Vitamin  A 


F.  P.  ZSCHEILE  and  R.  L.  HENRY 
Purdue  University  Agricultural  Experiment  Station,  Lafayette,  Ind. 


Eight  fish  liver  oils  and  three  samples  of  U.S.P.  reference  oil  were  studied  spectroscopically 
and  conversion  factors  calculated  from  the  biological  potencies  of  these  oils.  Characteristic 
curves  were  studied  and  it  was  emphasized  that  measurement  at  a  single  ultraviolet  wave  length 
is  insufficient  for  a  proper  spectroscopic  evaluation  of  vitamin  A  content.  The  stability  of  the 
reference  oils  was  studied  at  intervals  during  6  months. 


DURING  the  course  of  investigations  concerning  the  use  of 
direct  ultraviolet  spectrophotometry  for  the  determination 
of  vitamin  A  in  certain  agricultural  products,  a  group  of  fish  liver 
oils  with  a  wide  range  of  potencies  and  several  samples  of  U.S.P. 
reference  oil  were  studied.  Characteristic  absorption  curves 
were  obtained  and  comparisons  were  made  between  the  spectro¬ 
scopic  values  observed  and  those  obtained  by  the  company  which 
supplied  the  oils.  Biological  potencies  were  also  made  available 
by  the  company. 


EXPERIMENTAL  PROCEDURE 


Most  samples  were  studied  without  saponification,  the  oil  be¬ 
ing  simply  dissolved  in  purified  hexane  and  examined  spectro¬ 
scopically  over  the  region  from  3100  to  3800  A.  The  photo¬ 
electric  spectrophotometer  was  the  same  instrument  and  was 
used  under  the  same  conditions  as  reported  earlier  (19)  in  work  on 
crystalline  vitamin  A.  Some  samples  were  saponified  in  a  man¬ 
ner  similar  to  the  procedure  used  for  butterfat  (21)  and  the  final 
solutions  in  ether  were  studied  spectroscopically.  The  commer¬ 
cial  fish  liver  oils  were  stored  at  —20°  C.  Spectroscopic  exam¬ 
ination  of  the  extracts  or  solutions  was  made  immediately  after 
preparation. 

U.S.P.  reference  oils  were  studied  when  received  and  after 
periods  of  storage  in  the  original  opened  bottle.  Sample  I  was 
stored  at  —20°  C.  and  samples  2  and  3  at  +5°  C. 


RESULTS  AND  DISCUSSION 


Table  I  presents  data  on  the  commercial  oils  and  the  corre¬ 
sponding  conversion  factors  calculated  for  the  conversions  of  spec¬ 
troscopic  to  biological  units.  The  mean  conversion  factors  agreed 
within  3%.  For  four  samples,  the  values  obtained  were  identical 
with  those  reported  by  the  company.  Differences  found  in 
several  other  samples  probably  indicate  that  changes  occurred  in 
the  time  between  the  two  absorption  measurements. 

Table  II  contains  data  observed  on  the  reference  oils.  Re¬ 
sults  obtained  by  different  operators  or  on  duplicate  samples  were 
reproducible  to  approximately  ±1%.  The  three  samples  were 
different  when  first  received,  with  differences  in  absorption  of 


Table  I.  Spectroscopic  and  Biological  Data  on  Fish  Liver  Oils 


-Spectroscopic  Data- 


^cm/3240 


Conversion  Factor 


E\l°m.  <3240  A'} 


Sample 


62331  (Cod) 
58581  (Cod) 
60771  (Halibut) 
30539  (Halibut) 
30579  (Mixture) 
31469  (Halibut) 
62861  (Halibut) 
33019  (Mixture) 


Biological 

Com¬ 

Unsaponi¬ 

Potency 

pany 

fiable 

(Company 

value 

Whole 

fraction 

Value) 

U.S.P. 

u./g. 

(hexane)0 

(hexane) 

(ether) 

2,300 

1.18 

1.19 

1.18 

2,500 

1.06 

1.01 

1.00 

62,000 

27.8 

29.7 

28.5 

62,000 

30.1 

30.1 

75,000 

37.1 

43.2 

84,000 

40.5 

44.0 

157,000 

74.7 

74.8 

76.0 

445,000 

202 

203 

Com¬ 
pany 
value 
(hexane) “ 
U.S.P. 
u./g. 


Mean 

Mean  absolute  deviation,  % 
Maximum  deviation,  % 


1950 
2360 
2230 
2060 
2020 
2070 
2100 
2200 
2124 
4.9 
11 . 1 


±8%.  Determination  of  the  conversion  factors,  made  aft 
storage  of  the  opened  bottles,  showed  a  maximum  deviation  frc 
the  mean  similar  to  that  of  the  fresh  samples,  although  avera 
values  of  the  opened  samples  agreed  within  ±0.5%  with  the  avt 
ages  of  values  for  the  corresponding  fresh  samples.  The  respe 
five  averages  from  fresh  and  opened  bottles  agreed  equally  we 
whether  studied  before  or  after  saponification.  The  average  co 
version  factor  for  the  U.S.P.  reference  oils  (whole)  is  considerab 
lower  than  the  corresponding  value  for  the  commercial  o 
studied.  As  expected  from  the  nature  of  the  biological  dete 
mination,  the  maximum  deviation  of  the  conversion  factors  f 
the  commercial  oils  are  higher  than  those  for  the  referen 
oils.  For  3-month  periods,  the  stability  appeared  good 
these  temperatures.  Between  3  and  6  months,  however,  samp 
1  increased  considerably  in  absorption  as  found  also  by  Ose 
Melnick,  and  Pader  (15).  Such  oils  have  often  been  reported 
lose  absorption  in  the  ultraviolet  during  storage  (3,  4,  12).  T1 
time  involved  is  probably  important. 

In  Figure  1  are  representative  characteristic  curves  of  the 
oils  (both  whole  and  the  unsaponifiable  fraction)  with  a  wi< 
range  of  potencies.  These  are  compared  with  correspondii 
curves  of  crystalline  vitamin  A  (19)  and  the  unsaponifiable  fra 
tion  of  a  reference  oil.  All  curves  are  arbitrarily  placed  to  coi 
cide  at  3800  A.,  so  that  differences  in  shape  are  most  evident 
the  region  of  maximum  absorption.  If  they  had  been  placed 
coincide  at  3240  A.,  agreement  would  have  been  excellent  down 
3100  A.  but  the  curves  would  have  diverged  from  3240  to  3800 1 
in  the  reverse  order  from  the  divergence  shown  in  Figure 
Extraneous  absorption  is  thus  plainly  evident  in  all  the  oils.  T1 
curves  for  the  unsaponifiable  fractions  approach  that  of  vitam 
A  more  closely  than  the  curves  of  the  corresponding  parent  oil 
Curiously,  the  curves  for  the  reference  oil  and  the  2300  I.U.  ( 
(No.  62331)  lie  between  those  for  the  two  oils  of  much  higher  p 
tencies. 

Comparison  with  Other  Work.  There  are  comparative 
few  papers  in  the  recent  literature  of  this  subject  whi( 

_  present  full  absorption  curves  or  data  for  oils  or  the 

unsaponifiable  fractions.  From  examples  given  he 
and  elsewhere  (3,  J),  7,  12,  14,  15),  it  becomes  i) 
creasingly  evident  that  more  attention  should  be  pa 
to  the  characteristics  of  the  curve  as  a  whole  (in  cor 
parison  with  known  vitamin  A-potent  substance 
in  the  interpretation  of  the  absorption  value  obtain? 
at  the  position  of  the  maximum  for  vitamin  A,  whic 
is  the  point  usually  used  for  such  determinations. 

The  importance  of  characteristic  curves  as  a] 
proximate  indexes  of  relative  reliability  for  vitamin 
analysis  should  always  be  kept  in  mind.  Knowled) 
of  the  source,  treatment,  and  conditions  of  storage  > 
oils  is  always  an  aid  in  the  interpretation  of  ultr: 
violet  spectroscopic  observations. 


Whole 
(hexane) 
U.S.P . 
u./g. 


1930 

2490 

2090 

2060 

1740 

1910 

2100 

2190 

2064 

7.45 

20.6 


°  Whole  in  hexane. 


Such  problems  have  been  discussed  by  Wilkie  (l. 
and  Morton  (14)-  Recent  work  on  the  spectroscop 
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recovery  of  vitamin  A  in  oils  from  different  sources  ( 9 )  presents 
( further  difficulties  in  application  to  miscellaneous  products. 

:  The  problem  of  multiplicity  of  vitamin  A-potent  substances, 
suggested  by  Coy,  Sassaman,  and  Black  (8)  to  explain  differ¬ 
ences  between  conversion  factors  for  cod  liver  oil  compared  to 
richer  oils,  is  receiving  considerable  attention  at  present.  The 
possible  presence  of  vitamin  A2  {10)  and  anhydro  vitamin  A  {16) 
makes  a  knowledge  of  the  source  important.  For  certain  types 
of  materials,  subvitamin  A  (5)  and  kitol  (6)  may  complicate  the 
spectroscopic  picture. 

McFarlan,  Bates,  and  Merrill  (1 2)  concluded  that  the  shapes  of 
absorption  curves  for  distilled  vitamin  A  esters  and  the  unsaponi- 
hable  fraction  of  fresh  U.S.P.  reference  oil  are  identical.  Since 
their  work  was  reported,  vitamin  A  has  been  more  highly  purified 
and  spectra  of  such  preparations  do  not  show  the  shelf  on  the 
long  w  ave-length  side  of  the  maximum  {19).  The  characteristic 
>urves  of  the  authors’  samples  of  reference  oil  (unsaponifiable  frac¬ 
tion)  were  not  identical  with  their  curves  for  vitamin  A.  This 

Pader  ™15)  ^  W°rk  recentIy  rePorted  by  Oser,  Melnick,  and 

The  conversion  factors  for  reference  oils  after  saponification 
agreed  well  with  the  mean  value  of  2152  found  by  Ewing,  Vanden- 
pelt,  Emmett,  and  Bird  (8)  for  a  group  of  commercial  oils. 

T,h.e  average  of  the  conversion  factors  from  sections  1  and  2  of 
s  1941  report  (18)  on  the  first  U.S.P.  reference  oil  is  2060 
which  agrees  with  values  reported  here  on  the  saponified  refer¬ 
ence  oils. 

The  differences  between  fresh  and  opened  bottles  arc  less  than 
hose  reported  by  Coy,  Sassaman,  and  Black  ( 3 )  for  full  and 
>artially  filled  bottles  of  reference  oil  and  the  conversion  factors 
re  lower  than  for  their  oils.  These  differences  might  reasonably 
i  rise  from  the  fact  that  they  used  a  more  potent  oil  (3000  U.S.P.) 
(though  their  recent  comparison  (4)  of  such  reference  oils  of 
linerent  potencies  is  contradictory  to  this.  Average  deviations 
i  eported  by  them  for  many  other  oils  are  comparable  to  the  au- 
hors  ,  although  their  factors  are  higher  in  value. 

;  Little  (11)  reported  a  factor  of  2240  calculated  from  direct 
^ieC/,4),Sr0TT0^netry  of  the  unsaponifiable  fraction  of  a  reference 
‘I.  U/00.  U.S.P.)  in  cyclohexane.  By  irradiation  methods  he 
^  ji.1  value  to  2540,  which  is  very  close  to  the  figure  calcu- 
Hited  below  for  pure  vitamin  A  in  hexane,  a  similar  solvent. 

A  very  extensive  comparison  of  physical  methods  for  the  de- 
wmination  of  vitamin  A,  as  employed  in  many  laboratories, 
as  reported  by  the  Subcommittee  on  Physical  Tests  of  the 
-men can  Pharmaceutical  Association  (/).  The  corrected  con- 
lersion  factors  from  selected  laboratories  which  produced  the 
uost  concordant  results  (Table  IX)  ranged  from  1883  to  2283 
,ith  an  average  value  of  2064  (isopropanol),  which  agrees  well 
ith  the  mean  values  obtained  on  the  commercial  oils  before  sa- 
tonification  and  on  the  reference  oils  after  saponification  (meas- 
red  in  hexane  and  ether,  respectively).  Solvent  differences 
pould  not  be  overlooked  in  such  comparisons  (13,  19). 


Figure  1,  Ultraviolet  Absorption  Spectra  of  Fish  Liver  Oils 
instant  used  in  ordinate  scale  is  adjusted  for  each  curve  to  cause  all  curves  to 
coincide  at  3800A  with  that  of  vitamin  A  alcohol. 
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Table  II.  Spectroscopic  Study  of  Variation  and  Stability  of 
Refererence  Oils 


Sam¬ 

ple 


1 


2 

3 


Rated 

Biological 

Potency 

U.S.P. 

u./g. 

1700 


1700 

1700 


Spectroscopic  Data 

Conversion  Factors 

El  /o 
1cm. 

(3240  A.) 

jg.1% 

lcm. 

(3240  A.) 

Unsaponi¬ 

Unsaponi¬ 

fiable 

fiable 

Whole 

fraction 

Whole 

fraction 

Date 

(hexane) 

(ether) 

(hexane) 

(ether) 

U.S.P. 

U.S.P. 

u./g. 

u./g. 

4-7-42 

0.890 

0.758 

1910 

2240 

5-22-42 

0.897 

1895 

7-14-42 

0.904 

O' 750 

1880 

2270 

10-22-42 

0.867 

1960 

7-14-42 

0.934 

0.824 

1820 

2060 

8-10-42 

0.829  * 

2050 

10-22-42 

0.822 

2070 

10-22-42 

0.886 

1920 

Average  of  fresh  bottles 

1865 

2073 

Maximum  deviation,  % 

8.0 

Average  of  opened  bottles  1887 

2088 

Maximum  deviation,  % 

8.7 

General  Considerations.  The  deviations  of  the  authors’ 
factors  for  these  oils  were  of  the  same  magnitude  as  in  attempted 
similar  correlations  between  spectroscopic  and  biological  values 
in  the  case  of  the  unsaponifiable  fractions  of  certain  butterfats 
(20).  The  much  higher  potencies  of  these  oils  might  be  expected 
to  permit  smaller  deviations  than  were  obtained  from  the  butter- 
fats,  which  contained  comparatively  a  much  lower  concentration 
of  vitamin  A. 

Close  correlation  with  biological  results  is  difficult  to  attain  if 
a  uniform  constant  or  conversion  factor  is  considered,  especially 
for  different  types  of  material.  Morgareidge  (13)  has  pointed 
out  the  usefulness  of  a  factor  for  comparative  purposes  only, 
without  any  assumption  that  the  result  is  the  true  biological 
potency.  He  and  Oser,  Melnick,  and  Pader  (15)  have  noted  that 
the  reference  oil  is  a  poor  basic  material  for  the  establishment  of 
a  spectroscopic  standard. 

From  the  biological  potency  of  vitamin  A  reported  by  Baxter 
and  Robeson  (2),  factors  of  2570  and  2350  may  be  calculated  for 
pure  vitamin  A  in  hexane  (19)  and  ether  (21),  respectively.  The 
difference  between  these  factors  and  the  corresponding  values 
found  for  oils  indicates  the  magnitude  of  the  errors  caused  by  ex¬ 
traneous  absorption  and  other  uncertainties,  such  as  biological 
availability.  Variations  in  biological  availability  of  vitamin  A- 
potent  substances  may  be  expected  always  to  limit  the  minimum 
size  of  the  deviations  in  such  correlations  of  spectroscopic  with 
biological  values. 
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Determining  Chlorophyll,  Carotene,  and  Xanthophyll  in  Plant! 

R.  B.  GRIFFITH  and  R.  N.  JEFFREY,  Kentucky  Agricultural  Experiment  Station,  Lexington,  Ky. 


A  method  for  the  determination  of  chlorophylls  a  and  b,  carotene, 
and  total  xanthophyll  from  a  single  ether  solution  is  described. 
This  method  is  adaptable  to  any  spectrophotometer  of  good  re¬ 
solving  power  provided  preparations  are  available  for  determination 
of  absorption  constants  for  the  instrument  to  be  used.  The  pigments 
are  extracted  from  the  plant  material  with  acetone,  transferred  to 
ether,  and  chlorophyll  is  determined  from  the  light  absorption  at 
the  wave  lengths  of  the  chlorophyll  a  and  b  maxima  in  the  red  end 
of  the  spectrum.  Carotene  and  xanthophyll  are  separated  in  the 
unsaponified  ether  solution  by  means  of  the  flowing  chromatographic 
technique  and  then  determined  spectrophotometrically.  Evidence 
is  presented  of  the  reproducibility  of  results  which  may  be  expected 
with  this  method.  Single  determinations  seldom  vary  more  than 
5%  from  the  average  of  four  similar  samples  in  the  case  of  each 
pigment  determined. 


A  RAPID,  accurate  method  which  requires  limited  laboratory- 
equipment  for  the  determination  of  chlorophyll,  carotene, 
and  xanthophyll  in  plant  materials  is  desirable  when  these  con¬ 
stituents  must  be  determined  in  a  large  number  of  samples.  Pre¬ 
vious  methods  require  at  least  two  separate  extracts  and  a 
rather  long  procedure  for  the  determination  of  carotene  and  xan¬ 
thophyll.  The  chlorophyll  a  and  b,  carotene,  and  xanthophyll 
contents  of  an  ether  solution  of  a  plant  extract  may  be  deter¬ 
mined  by  the  method  described  in  this  paper.  Chlorophyll  is 
determined  by  making  light-absorption  measurements  on  dilu¬ 
tions  of  the  solution.  Carotene  and  xanthophyll  are  separated 
on  an  adsorption  column,  using  the  flowing  chromatographic  tech¬ 
nique. 

In  the  usual  methods  for  carotene  and  xanthophyll  determina¬ 
tion,  chlorophyll  is  removed  by  saponification  and  the  xantho¬ 
phyll  is  separated  from  the  carotene  by  partition  between  methyl 
alcohol  and  petroleum  ether.  Miller  (8)  and  Wall  and  Kelley 
{12)  found  that  such  a  partition  was  not  complete,  since  some 
noncarotene  pigments  remain  in  the  petroleum  ether  layer. 

Curtis  (4),  Moore  (3),  Wall  and  Kelley  {12),  Fraps  and  Kem- 
merer  {5),  and  others  have  used  the  chromatographic  technique 
as  a  means  of  separating  the  carotene  fraction  from  other  pig¬ 
ments  in  plant  extracts.  All  these  workers  used  petroleum  ether 
as  the  solvent  and  various  adsorbents,  including  dicalcium  phos¬ 
phate,  soluble  starch,  and  adsorptive  magnesia-Celite  mixtures. 
Adsorptive  magnesia-Celite  mixtures  have  been  used  extensively 
by  Strain  {11)  in  separating  carotene  and  leaf  xanthophylls  and 
also  by  Zscheile,  White,  Beadle,  and  Roach  {16)  and  other  work¬ 
ers.  Bode  {1)  used  a  petroleum  ether  solution  of  the  pigments 
and  a  powdered  sugar  column,  and  obtained  carotene  in  the  solu¬ 
tion  which  passed  through  the  column,  sectioned  the  column  into 
chlorophyll  b,  chlorophyll  a,  and  xanthophyll  zones,  eluted  them 
separately,  and  measured  the  pigments  against  standards  in  a 
colorimeter.  Though  his  method  is  neither  quick  nor  very  ac¬ 
curate,  it  appears  to  be  the  only  previous  method  involving  the 
analytical  separation  of  both  carotene  and  xanthophyll  in  unsa¬ 
ponified  plant  extracts. 


ABSORPTION  SPECTRA  MEASUREMENTS 

Absorption  Methods.  A  Cenco-Sheard  Spectrophotelom 
eter  described  by  Sheard  and  States  {10)  was  used  in  this  wort 
The  light  source  was  an  18-ampere  6-volt  incandescent  light  bull 
A  5-cm.  carriage  permitted  the  use  of  5-,  2-,  and  1-cm.  solutio 
cells.  To  eliminate  the  possibility  of  stray  light  from  th 
second-order  spectrum,  a  red  filter  which  removed  all  radiatio 
below  600  my  was  used  in  making  all  readings  above  640  m/. 
It  was  found  that  log  I0/I  values  obtained  between  600  and  641 
my.  were  the  same  with  or  without  the  filter.  A  1.5-mm.  en 
trance  slit  and  a  2.5-m y  exit  slit  were  used  in  making  chlorophy] 
determinations.  For  carotene  and  xanthophyll  determination 
an  entrance  slit  of  2.0  mm.  was  necessary  to  obtain  sufficien 
light  intensity  for  accurate  work  when  the  2.5-my  exit  slit  wa 
used.  According  to  Sheard  and  States  {10)  the  total  regioi 
isolated  in  the  chlorophyll  determinations  was  8.5  m^  and  in  th 
carotene  and  xanthophyll  determinations  10.5  my,  with  most  o 
the  radiant  energy  within  a  2.5-m y  region.  The  Beer-Lamber 
law  was  used  in  the  form  presented  by  Gibb  {6).  This  is  identica 
with  the  form  used  by  Zscheile  and  Comar  {15)  except  for  the 
symbols  used.  The  equation  is: 

logio  j  —  Kl  =  kcl 

where 

/ o  =  intensity  of  radiant  energy  transmitted  by  solvent 
•filled  cell 

I  =  intensity  of  radiant  energy  transmitted  by  solution 
filled  cell 

K  =  extinction  coefficient 

l  =  thickness  of  solution 

k  =  specific  extinction,  a  constant  at  any  particular  wav 
length  for  a  pure  pigment  obeying  the  Beer-Lam 
bert  law 

c  =  concentration  in  grams  per  liter 

For  maximum  accuracy  the  concentrations  and  cell  length 
were  adjusted  to  keep  the  logj  value  within  the  range  0.200  am 

0.800  as  recommended  by  Zscheile  and  Comar. 

Absorption  Constants.  Chlorophyll.  Zscheile  and  Coma 
{15)  determined  the  absorption  constants  of  highly^  purifiet 
chlorophylls  a  and  b  and  Comar  and  Zscheile  (3)  used  these  con 
stants  in  determining  the  chlorophyll  a  and  b  content  of  plan 
extracts.  An  instrument  as  accurate  as  the  one  they  used  is  no 
available  in  most  laboratories  and  their  method,  therefore,  can 
not  be  applied  without  modification.  Comar  {2)  determined  th< 
chlorophyll  content  of  plant  extracts  by  means  of  a  Cenco 
Sheard  Spectrophotelometer  with  a  larger  light  source  than  wa- 
used  in  this  work.  By  adjusting  the  instrument  to  read  660  m. 
at  the  red  absorption  maximum  of  chlorophyll  a,  adjusting  th( 


660  my,  and  using  the  same  solution  for  the  reading  at  642.5  mp 
he  was  able  to  obtam  results  that  agreed  satisfactorily  with  those 
obtained  on  the  more  accurate  instrument  used  by  Comar  anc 
Zscheile.  In  this  study  the  constants  of  Comar  and  Zscheile 
could  not  be  used  successfully  with  the  same  kind  of  instrument 
used  by  Comar.  This  may  have  been  due  to  the  use  of  a  weakei 
light  source  and  a  wider  entrance  slit.  By  purifying  the  chloro¬ 
phyll  components  and  obtaining  constants  for  the  instrument 
used,  satisfactory  results  were  possible  without  adjusting  the 
concentration  to  the  narrow  limits  Comar  found  necessary. 
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Table  I.  Constants 


Wave  Length, 
m/i 


Specific  Extinction  in  Ether  Solution 
Chlorophyll  a  Chlorophyll  b 


599.5  9.95  9.95 

642.5  14.2  57.5 

661  97.0  5.0 


The  constants  at  various  wave  lengths  for  this  instrument  and 
reparations  used  are  given  in  Table  I. 

The  chlorophyll  a  maximum  reported  by  most  workers  at  660 
n/i  was  obtained  consistently  at  661  m/i  on  this  instrument  when 
t  was  calibrated  at  the  546  m/i  line  of  mercury.  Sheard  and 
States  (10)  claim  an  accuracy  of  ±  1  rrip  at  all  wave  lengths  when 
he  instrument  is  calibrated  at  this  wave  length  and  it  seems 
>robable  that  the  different  position  of  the  maximum  was  an  in- 
jtrumental  error.  One  of  the  crossing  points  of  the  chlorophyll 

and  b  curves  was  obtained  at  599.5  m/t  on  this  instrument.  The 
pecific  extinction  at  this  wave  length  was  used  to  calculate  the 
otal  chlorophyll  concentration  as  a  check  on  the  concentration 
alculated  at  the  chlorophyll  maxima. 

Comar  and  Zscheile  (5)  have  described  in  detail  the  determina- 
ion  by  simultaneous  equation  of  the  concentration  of  each  pig¬ 
ment  in  a  binary  system.  Using  their  method,  the  following 
quations  were  derived  from  the  constants  in  Table  I  and  were 
sed  in  determining  the  chlorophyll  content  of  the  authors’  ex- 
racts. 

Chlorophyll  a  =  10.44  (Bm)  -  0.91  (/Ws) 
Chlorophyll  b  =  17.61  (i?642.6)  -  2.58  (Bm) 

Bw i  and  B6 42.5  are  equal  to  the  values  at  661  and 

* 

42.5  m n,  respectively,  and  the  concentrations  of  chlorophylls  a 
nd  b  are  expressed  in  milligrams  per  liter  in  the  measured  solu- 
lion. 

The  method  used  in  purifying  the  chlorophylls  was  based  upon 
bat  of  Zscheile  and  Comar  (15).  The  details  of  the  method 
sed  and  the  absorption  curves  of  the  chlorophyll  preparations 
btained  will  be  reported  later. 

Carotene.  A  crystalline  /3-carotene  sample  was  obtained 
brough  the  courtesy  of  F.  P.  Zscheile.  He  states  (14)  that  the 
ample  analyzed  94.5  =•=  1  %  /3-carotene,  that  it  contained  ap- 
roximately  1%  colored  impurities,  and  that  the  absorption 
urve  of  this  sample  was  very  close  to  the  standard  curve  of  his 
iboratory.  The  principal  maximum  in  ether  solution  was 
aund  at  450  m/t  and  in  4%  ether-96%  petroleum  ether  at  448 
im  in  this  laboratory.  The  average  values  of  the  specific  extinc- 
on  at  the  maximum  were  240.7  and  239.1,  respectively.  A 
lixture  of  ether  and  petroleum  ether  of  intermediate  composi- 
ion  was  used  in  the  analytical  work.  The  maximum  of  the 
nalytical  solutions  occurred  at  449  m/i  and  240  was  used  as  the 
pecific  extinction  value  for  determining  the  concentration  of  the 
nalytical  samples. 


No  evidence  of  a-  or  neo-/3-carotene  was  obtained  chromato- 
raphically  or  spectrophotometrically  in  fresh  ether  extracts  of 
ibacco;  consequently,  it  seems  probable  that  the  carotene  was 
11  or  nearly  all  /3-carotene.  When  the  carotene  fraction  was  al- 
>wed  to  stand  for  several  days  in  the  refrigerator,  the  absorption 
alues  at  the  secondary  maximum  fell  in  comparison  with  those 
t  the  primary  maximum,  indicating  the  production  of  neo-/3- 

Iirotene.  This  was  more  noticeable  in  pure  petroleum  ether 
ilutions  than  in  a  mixed  solvent  or  in  pure  ether.  Further 
udies  of  the  carotene  fraction  extracted  by  this  method  are  in 
Irogress. 

ANALYTICAL  METHODS 

Method  of  Extraction.  The  ether  extract  was  obtained 
Y  a  modification  of  the  method  of  Comar  and  Zscheile  (8). 

!en  to  15  grams  of  leaf  tissue,  a  small  amount  of  calcium  carbo- 
ate,  and  125  to  150  ml.  of  acetone  were  placed  in  the  cup  of  a 
faring  Blendor.  A  glass  baffle  plate,  cut  to  fit  the  cross  section 
the  Blendor  container,  was  suspended  about  one  third  of  the 
ay  down  from  the  top.  This  prevented  splashing  of  the  sample 
Ipto  the  cover,  from  which  complete  recovery  was  difficult.  The 
des  of  the  container  were  washed  down  with  acetone  once  during 
ctraction  to  ensure  complete  extraction.  After  5  minutes  in 
le  Blendor,  the  mascerate  was  filtered  through  paper  in  a  Buch¬ 


ner  funnel  and  the  residue  was  washed  thoroughly  with  pure  ace¬ 
tone.  The  volume  of  the  filtrate  was  measured  and  a  100-ml. 
portion  was  added  to  50  ml.  of  ether  in  a  250-ml.  separatory  fun¬ 
nel.  One  hundred  milliliters  of  water  were  added  and  the  water- 
acetone  layer  was  removed.  If  xanthophyll  determinations 
were  to  be  made,  it  was  necessary  to  extract  the  acetone-water 
lajmr  once  or  twice  more  with  10  to  15  ml.  of  ether  each  time  to 
recover  xanthophyll  which  remained  in  this  layer.  No  evidence 
of  chlorophyll  or  carotene  was  observed  when  these  extracts  were 
examined  chromatographically. 

Acetone  was  removed  from  the  combined  ether  extracts  by 
washing  with  distilled  water,  using  a  modified  form  of  the  wash¬ 
ing  technique  described  by  LeRosen  (7).  Instead  of  using  a  con¬ 
stant  wash,  water  was  allowed  to  fall  dropwise  from  the  fine¬ 
drawn  tip  of  a  glass  tube  above  the  surface  of  the  ether,  drawing 
the  water  layer  off  from  time  to  time  as  it  accumulated.  Using 
this  method,  no  tendency  for  chlorophyll  loss  from  emulsion  forma¬ 
tion  was  experienced,  although  such  a  tendency  was  evident  when 
the  ether  layer  was  scrubbed  through  distilled  water  by  the 
method  of  Comar  and  Zscheile  (3).  Since  they  reported  no  such 
loss,  it  may  be  that  this  trouble  was  caused  by  some  substance 
characteristic  of  tobacco  extracts.  Approximately  300  ml.  of 
water  were  used  in  washing. 

The  ether  solution  was  dried  by  placing  the  separatory  funnel 
in  a  refrigerator  maintained  at  7°  C.  This  low  temperature  de¬ 
creased  the  solubility  of  water  in  the  ether  and  the  water  layer 
was  drawn  off.  The  cooled  ether  was  then  transferred  to  an 
Erlenmeyer  flask  and  anhydrous  sodium  sulfate  was  added  to 
complete  the  drying.  After  at  least  an  hour  in  the  refrigerator, 
the  ether  solution  was  filtered  through  cotton  to  remove  the  so¬ 
dium  sulfate,  the  filter  was  washed,  and  the  solution  was  made 
up  to  volume  in  a  volumetric  flask,  usually  50  ml.,  at  the  tempera¬ 
ture  of  the  refrigerator. 

Chlorophyll  Determination.  In  determining  chlorophyll 
concentration  30  to  40  ml.  of  ether  were  placed  in  a  50-ml.  volu¬ 
metric  flask,  the  stock  ether  solution  was  removed  from  the  re¬ 
frigerator,  and  by  use  of  a  Mohr  pipet  enough  of  this  solution  was 
added  to  the  volumetric  flask  to  give  a  chlorophyll  content  of  4  to 
10  mg.  per  liter.  With  practice  it  was  possible  to  estimate  this 
concentration  visually.  The  stock  solution  was  returned  to  the 
refrigerator  as  soon  as  possible  and  the  more  dilute  solution  was 
made  up  to  volume  at  room  temperature.  After  thorough  mix¬ 
ing,  the  5-,  2-,  and  1-cm.  absorption  cells  were  filled  with  this 
solution.  The  5-cm.  cells  were  placed  in  the  instrument  and  a 
reading  was  made  at  599.5  m/i,  the  2-cm.  cells  were  used  in  ob¬ 
taining  the  reading  at  642.5  m/i,  and  1-cm.  cells  at  the  chlorophyll  a 
maximum  which  fell  at  661  m,u  on  this  instrument.  By  using 
the  three  lengths  of  cells,  only  one  dilution  was  necessary  to  give 
log  I a/I  values  between  0.2  and  0.8  for  the  three  readings. 

Carotene  Determination.  The  carotene  fraction  was  sepa¬ 
rated  from  the  other  pigments  by  passing  a  portion  of  the  stock 
ether  solution  through  an  adsorption  column  containing  a  mix¬ 
ture  of  5  parts  by  weight  of  magnesium  oxide  (Micron  Brand  No. 
2641,  Westvaco  Chlorine  Products  Company,  Newark,  Calif.) 
and  3  parts  of  Hyflo-Super-Cel  (Johns-Manville,  New  York). 
Carotene  was  unadsorbed,  while  the  other  pigments  were  retained 
on  the  column.  A  battery  of  three  adsorption  columns  was 
used,  all  of  which  were  connected  to  a  constant-pressure  air 
supply  of  about  5  cm.  of  mercury  pressure.  The  adsorption  col¬ 
umns  were  made  in  glass  tubes  about  15  cm.  long  with  an  outside 
diameter  of  2.5  cm.  The  bottom  of  each  tube  was  tapered  to  a 
point  in  which  there  was  a  small  opening.  A  small  piece  of  cot¬ 
ton  tamped  into  the  constricted  portion  of  the  tube  retained 
the  adsorbent.  In  forming  the  column  a  small  amount  of  the  ad¬ 
sorbent  mixture  was  placed  in  the  tube  and  30  ml.  of  petroleum 
ether  were  added.  More  adsorbent  was  then  added  to  make  a 
total  of  6  grams  and  any  remaining  on  the  sides  of  the  tube  was 
pushed  into  the  petroleum  ether  by  the  use  of  a  cork  on  the  end 
of  a  glass  rod.  After  standing  for  about  15  minutes,  air  ad¬ 
sorbed  on  the  particles  of  adsorbent  was  stirred  out  of  the  col¬ 
umn  by  gently  moving  a  glass  rod  about  in  the  adsorbent-petro¬ 
leum  ether  suspension.  The  air  supply  was  connected  and  the 
petroleum  ether  was  forced  through  until  1  cm.  of  solvent  re¬ 
mained  above  the  adsorbent.  Five  milliliters  of  the  stock  ether 
solution  of  the  plant  pigments  were  added,  and  the  ether-petro¬ 
leum  ether  solution  was  run  into  the  adsorbent.  Twenty  milli¬ 
liters  of  pure  ether  were  added  to  wash  the  carotene  into  a  25-ml. 
volumetric  flask  placed  below  the  tube. 

Shortly  after  the  ether  was  added,  the  solvent  dropping  from 
the  tip  of  the  tube  contained  carotene.  Carotene  collected  on  the 
tip  of  the  tube  because  of  solvent  evaporation  and  it  was  neces¬ 
sary  to  wash  this  into  the  flask  at  the  end  of  the  separation.  The 
carotene  fraction  was  completely  removed  from  the  column  when 
15  to  20  ml.  of  the  solution  had  collected  in  the  flask.  If  the 
solution  dropping  from  the  tube  at  this  time  was  colored,  xantho- 
phyll  was  coming  through  and  the  separation  had  to  be  repeated. 
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Table  II.  Content  of  Carotene,  Xanthophyll,  and  Chlorophylls  a  and  b  and  Per  Cent  Chlorophyll  a 

(Calculated  on  oven-dry  weight  and  area  bases  in  leaves  of  tobacco  plants  grown  in  the  greenhouse  with  and  without  artificial  light) 
- - — - Chlorophyll - - 


Sample 

Treatment 

a 

b 

Mg./g. 

Mg./g. 

1 

Lighted 

9.04 

3.27 

2 

Lighted 

10.29 

4.19 

3 

Lighted 

10.48 

3.68 

4 

Lighted 

9.43 

3.49 

Av. 

9.81 

3.66 

5 

Unlighted 

12.74 

4.74 

6 

Unlighted 

11.98 

4.63 

7 

Unlighted 

12.20 

4.43 

8 

Unlighted 

12.62 

5.08 

Av. 

12.39 

4.72 

Total 

a 

b 

Total 

Mg./g. 

Mg./sq.  m. 

Mg./sq.  m. 

Mg./sq.  m. 

12.31 

135.6 

49.0 

184.6 

14.48 

136.8 

55.8 

192.6 

14.16 

136.3 

47.8 

184.1 

12.92 

134.4 

49.8 

184.2 

13.47 

135.8 

50.6 

186.4 

17.48 

177.9 

66.2 

244.1 

16.61 

165.0 

63.8 

228.7 

16.63 

161.5 

58.7 

220.2 

17.70 

162.1 

65.3 

227.4 

17.11 

166.6 

63.5 

230.1 

a 

Carotene 

Total  Xanthophyll 

% 

Mg./g. 

Mg./sq.  7n. 

K/g. 

K/sq.  m. 

73.4 

0.59 

8.9 

0.340 

5.10 

71.1 

0.69 

9.1 

0.376 

5.00 

74.0 

0.67 

8.7 

0.339 

5.24 

73.0 

0.64 

9.2 

0.326 

4.66 

72.9 

0.65 

9.0 

0.345 

5.00 

72.9 

0.82 

11.4 

0.482 

6.72 

72.1 

0.80 

11.0 

0.456 

6.30 

73.3 

0.84 

11.2 

0.456 

5.80 

71.3 

0.88 

11.3 

0.490 

6.40 

72.1 

0.84 

11.2 

0.471 

6.31 

The  carotene  solution  was  made  to  volume  with  diethyl  ether  at 
room  temperature  and  light-absorption  measurements  were  made 
at  449  m p. 

The  petroleum  ether  used  in  forming  the  column  slowed  down 
the  movement  of  the  xanthophylls  and  unless  there  was  an  un¬ 
even  movement  of  the  xanthophyll  bands  no  difficulty  was  ex¬ 
perienced  in  the  separation.  Although  the  use  of  a  mixed  sol¬ 
vent  is  usually  undesirable,  because  of  difficulties  involved  in 
maintaining  a  given  concentration  of  the  solvent,  no  trouble  was 
encountered  in  this  work.  This  was  undoubtedly  due  to  the 
close  agreement  in  absorption  value  in  ether  and  in  petroleum 
ether  solutions  discussed  above.  There  was  no  change  in  analyti¬ 
cal  results  when  diethyl  ether  instead  of  petroleum  ether  was 
used  in  forming  the  column.  The  use  of  diethyl  ether  required 
more  absorbent,  and  more  time  for  the  separation.  When  caro¬ 
tene  fractions  were  passed  through  a  second  column,  95  to  100% 
recovery  of  the  pigment  wTas  obtained. 

Xanthophyll  Determination.  Xanthophyll  was  deter¬ 
mined  on  the  same  column  used  to  obtain  the  carotene  fraction. 
To  obtain  the  total  xanthophyll  fraction,  anhydrous  ethanol  or  an 
ethanol-ether  mixture  was  added  to  the  column  after  the  caro¬ 
tene  had  been  removed.  This  caused  elution  of  the  xanthophylls 
which  were  collected  in  a  volumetric  flask  in  the  same  way  as  the 
carotene  fraction.  The  amount  of  ethanol  required  depends  upon 
the  plant  material  analyzed  and  upon  other  variables.  Too  low 
concentrations  of  ethanol  do  not  elute  all  the  xanthophyll, 
whereas  too  high  concentrations  elute  some  green  pigments.  The 
xanthophyll  solution  contains  both  ether  and  ethanol.  When 
the  mixture  remains  fairly  constant,  comparable  results  can  be 
obtained  by  analyzing  the  solution  directly.  For  more  accurate 
work  the  ethanol  can  be  removed  by  washing  with  water. 

If  specific  extinction  values  are  known  for  the  xanthophylls  of 
the  plant  analyzed  it  is  theoretically  possible  to  calculate  the  con¬ 
centration  of  the  individual  xanthophylls  from  a  solution  of  the 
total  xanthophyll  components,  using  methods  similar  to  those 
used  for  chlorophylls  a  and  b.  It  is  also  possible  in  some  in¬ 
stances  to  separate  the  different  xanthophylls  by  gradually  in¬ 
creasing  the  concentration  of  alcohol  added  to  the  column.  In 
these  instances  the  different  xanthophylls  may  be  collected  suc¬ 
cessively  by  the  flowing  chromatographic  technique  or  the 
column  may  be  removed  from  the  tube  and  the  bands  may  be 
eluted  individually.  In  the  present  work  the  absorption  curve 
of  the  total  xanthophyll  fraction  was  determined  and  the  samples 
were  run  at  the  wave  length  of  maximum  absorption,  which  was 
442  m/i.  The  extinction  coefficient,  K,  was  then  calculated.  If 
the  proportion  of  the  different  xanthophylls  remains  constant,  K 
is  proportional  to  the  concentration  and  therefore  is  satisfactory 
for  comparative  purposes. 

REPRODUCIBILITY  AND  ADVANTAGES  OF  METHOD 

Typical  results  of  the  use  of  this  method  are  presented  in  Table 
II  to  show  the  degree  of  reproducibility  obtainable. 

Part  of  a  crop  of  tobacco  growm  in  the  greenhouse  in  midwinter 
was  supplied  with  natural  light  and  part  with  natural  light  plus 


supplementary  light  from  a  tungsten  filament  source  in  the  morr 
ing  and  evening,  to  make  a  16-hour  total  daily  exposure.  Th 
intensity  of  the  supplementary  fight  was  about  10  to  15  fool 
candles.  Two-leaf  samples  were  taken  at  corresponding  height 
from  each  group  of  plants.  The  area  of  the  leaves  wras  detei 
mined  by  means  of  the  equation  of  Young  and  Jeffrey  (13)  an 
one  half  of  each  leaf  web  was  used  for  moisture  determination  an 
the  other  half  for  preparation  of  the  ether  solution.  Two  sample 
were  taken  from  each  group  of  plants  and  two  measured  poi 
tions  were  taken  from  each  acetone  solution.  One  portion  c 
each  solution  (samples  1,  3,  5,  and  7)  were  analyzed  on  the  sam 
day  as  taken  and  the  other  (samples  2,  4,  6,  and  8)  on  the  fol 
lowing  day.  The  results  are  calculated  on  the  oven-dry  basi 
and  also  on  the  basis  of  leaf  area. 

The  maximum  deviation  of  any  analysis  from  the  average  c 
the  four  similar  analyses  is  less  than  5%  in  most  instances.  I 
only  three  of  the  eighty  cases  does  the  deviation  exceed  10%  am 
these  are  all  chlorophyll  b  determinations.  Plants  receiving  ai 
tificial  fight  to  increase  the  length  of  day  contained  about  209 
less  chlorophyll,  carotene,  and  xanthophyll  than  those  not  re 
ceiving  supplementary  fight.  Since  these  differences  are  larg 
enough  to  be  significant,  further  studies  are  being  made  to  ob 
tain  more  information  on  the  effect  of  day  length  on  the  plan 
pigments. 

The  advantages  of  the  method  presented  here  are:  (1)  Th 
equipment  used  is  present  in,  or  at  least  can  be  obtained  by,  th 
majority  of  modern  laboratories.  (2)  Chlorophylls  a  and  b 
carotene,  and  total  xanthophyll  are  determined  from  the  sami 
ether  solution.  (3)  The  sample  is  not  subjected  to  high  tem 
perature  nor  to  strong  reagents  wdiich  may  cause  changes  in  thi 
pigments. 
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Preparation  end  Reclamation  of  Copper-Chromium  Oxide 

Catalyst 

RALPH  E.  DUNBAR  and  MELVIN  R.  ARNOLD 
North  Dakota  Agricultural  College,  Fargo,  N.  D. 


Carborundum  aggregates,  Celite  pellets,  and  granular  Celite  have 
been  tested  as  supporting  materials  for  copper-chromium  oxide 
catalyst  and  this  combination  has  been  found  satisfactory  for  de¬ 
hydrogenation  of  alcohols.  The  usual  acetic  acid  leaching  and 
■  washing  of  the  catalyst  may  be  omitted  if  adequate  heat  treatment  at 
150°  C.  is  substituted.  Copper-chromium  oxide  catalyst  which  has 
become  sluggish  in  its  action  through  prolonged  use  may  be  re¬ 
activated  or  reclaimed  by  heating  to  expel  absorbed  organic  mate¬ 
rial  and  reoxidize  the  reduced  metals.  Acetic  acid  leaching  and 
washing  then  provide  a  catalyst  as  active  as  the  original  for  the 
dehydrogenation  of  alcohols. 


COPPER-chromium  oxide  catalyst  deposited  upon  pumice 
was  first  used  for  the  dehydrogenation  of  alcohols  by  Dun¬ 
bar,  Cooper,  and  Cooper  ( 6 )  in  1936,  and  extended  to  other  inert 
t  carriers  in  1938  (5).  Additional  porous  and  inert  carriers  have 
since  been  obtained  and  tested  for  like  purposes.  Several  varia- 
'  tions  in  the  preparation  or  reclamation  of  copper-chromium 
oxide  have  been  reported  from  time  to  time  (1-4,  7,  8)  and  other 
variations  have  now  been  studied. 


EXPERIMENTAL  PROCEDURE 

One  hundred-gram  portions  of  butanol-1  were  used  to  check 
the  efficiency  of  the  several  catalysts  because  of  the  tendency  of 
this  alcohol  to  give  consistent  yields  of  aldehyde  and  a  minimum 
yield  of  unsaturated  hydrocarbon  and  ester.  The  equipment 
and  procedure  used  in  this  study  were  the  same  as  those  pre¬ 
viously  described  (5).  Two  methods  were  used  in  preparing  the 
copper-chromium  oxide  catalyst,  as  well  as  a  method  for  re¬ 
claiming  the  used  catalyst. 

The  first  method  was  identical  with  that  previously  de¬ 
scribed  (5)  except  that  two  new  types  of  inert  carriers  were  sub¬ 
stituted  (catalyst  A).  The  new  supporting  materials  are  Celite 
catalyst  carrier  Type  VII,  6-  to  10-mesh  U.  S.  Standard  screen 
size  supplied  by  Johns-Manville,  Manville,  N.  J.;  and  Carbo¬ 
rundum  Brand  porous  aggregates,  Mix  70-120-G3, 10- to  20-mesh, 
supplied  by  the  Carborundum  Company,  Niagara  Falls,  N.  Y. 
This  Celite  Type  VII  is  a  porous  variety  of  pellets  with  greater 
mechanical  strength  than  the  granular  Celite  which  has  pre¬ 
viously  been  used. 

In  the  second  method  of  preparing  the  copper-chromium  oxide 
catalyst  (catalyst  B)  in  place  of  the  usual  acetic  acid  leaching  and 
washings  with  distilled  water  (5),  the  catalyst  was  heated  in  a  hot¬ 
air  oven  at  150°  C.  for  approximately  10  hours  to  expel  ammonia, 
oxides  of  nitrogen,  etc.  A  water  extract  of  this  catalyst  was 
neutral  to  litmus.  In  the  preparation  of  catalyst  B  the  actual 
amount  of  copper-chromium  oxide  deposited  upon  the  various 
nert  carriers  was  increased  by  15  to  25%,  as  compared  to  catalyst 
V  The  granular  Celite  catalyst,  as  well  as  the  reclaimed  cata- 
yst,  was  precipitated  and  decomposed  upon  Celite,  Grade 
C-12,212. 


yields  but  averages  under  normal  and  comparable  operating 
conditions. 

Experience  has  demonstrated  that  copper-chromium  oxide 
deposited  on  granular  Celite  may  be  reactivated  or  reclaimed  by 
carefully  heating  the  used  catalyst  in  an  open  container  to  expel 
all  absorbed  organic  materials  and  reoxidize  the  reduced  copper 
and  chromium.  This  heating  should  be  carefully  controlled 
to  prevent  reduction  of  catalytic  activity  due  to  a  change  of  the 
catalyst  from  an  amorphous  state  to  the  crystalline  structure 
(8).  _  This  heated  catalyst  was  then  leached  with  one  600-ml. 
portion  of  10%  acetic  acid  and  further  with  six  600-ml.  portions  of 
distilled  water.  After  drying  at  125°  for  several  hours  the 
catalyst  displayed  greater  activity  than  the  original  catalyst. 
Representative  values  for  this  reclaimed  catalyst  are  also  in¬ 
cluded  in  Table  I. 


Table  I.  Products  Recovered  by  Dehydrogenation  of  100 
Grams  of  Butanol-1  with  Six  Copper-Chromium  Oxide  Catalysts 


Carborundum 

Celite 

Granular 

Aggregates 

Pellets 

Celite 

Cata- 

Cata- 

Cata- 

Cata- 

Cata- 

Cata- 

Re- 

Products 

lyst 

lyst 

lyst 

lyst 

lyst 

lyst 

claimed 

A 

B 

A 

B 

A 

B 

Celite 

Butanal,  grains 

59.8 

57.0 

58.7 

56.1 

52.0 

57.8 

60.0 

Butanol-1,  grams 

3.7 

3.8 

4.1 

5.3 

1.7 

5.0 

2.0 

Butyl  butyrate,  grama 
Condensation  prod- 

2.4 

4.6 

2.2 

2.8 

6.1 

1.5 

4.3 

ucts,  grains 

Gases  collected,  lit- 

2.1 

3.2 

3.6 

3.4 

4.1 

3.4 

3.3 

ers 

28.0 

27.5 

27.4 

26.2 

27.2 

27.2 

27.7 

Water,  grams 

Butene,  by  differ- 

3.0 

3.6 

4.5 

4.9 

4.5 

4.9 

3.9 

ence,  liters 

Grams 

9.4 

9.8 

9.1 

8.7 

11.0 

9.2 

9.0 

23.5 

24.5 

22.7 

21.8 

27.5 

23.0 

22.5 

Hydrogen,  from  bu- 

tanal,  liters 

18.6 

17.7 

18.3 

17.5 

16.2 

18.0 

18.7 

Grams 

Total  products  re- 

1.7 

1.6 

1.6 

1.6 

1.5 

1.6 

1.7 

covered,  grams 
Mechanical  loss, 

96.2 

98.3 

97.4 

95.9 

97.4 

97.2 

97.7 

grams 

3.8 

1.7 

2.6 

4.1 

2.6 

2.8 

2.3 

SUMMARY 

Two  new  inert  carriers,  Celite  Carrier  Type  VII  and  Carbo-  » 
rundum  Brand  porous  aggregates,  have  been  found  satisfactory 
for  supporting  copper-chromium  oxide  in  the  dehydrogenation  of 
alcohols. 

A  new  method  for  the  preparation  of  copper-chromium  oxide 
catalyst,  satisfactory  for  the  dehydrogenation  of  alcohols,  pro¬ 
duces  a  catalyst  of  essentially  the  same  initial  activity,  but  this 
activity  is  lost  more  readily  with  prolonged  use. 

A  method  is  described  for  the  reactivation  or  reclaiming  of 
used  copper-chromium  oxide  catalyst  when  precipitated  and  de¬ 
composed  upon  inert  carriers. 


Representative  determinations  for  six  catalysts  on  three  dif- 
I  erent  supporting  materials  are  tabulated  in  Table  I.  All  values 
ncluded  are  the  average  of  several  determinations.  The  tem¬ 
perature  of  the  catalyst  was  maintained  at  300°  to  325°  C.  The 
lvalues  for  hydrogen  are  derived  theoretically  from  the  amount 
I  )f  aldehyde  isolated,  and  the  volume  of  butene  is  the  difference 
petween  total  gases  collected  and  calculated  hydrogen.  This 
[  procedure  is  justified  by  representative  analyses  of  such  gaseous 
nixtures.  The  amount  of  water  represents  loss  in  weight  of  the 
'.  listillate  on  drying  with  anhydrous  sodium  sulfate.  All  other 
■alues  are  actual  amounts  of  material  obtained  by  fractionation, 
["he  yields  of  butanal  do  not  necessarily  represent  maximum 
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Determination  of  the  Dry  Hiding  of  Pigmented  Coatings 

PHILIP  L.  GORDON  AND  MICHAEL  A.  GILDON1,  Capitol  Paint  and  Varnish  Works,  Brooklyn,  N.  Y. 


An  empirical  equation  expressing  the  relationship  between  the 
contrast  ratio  of  a  dry  pigmented  coating  and  the  weight  of  material 
applied  is  developed  by  rectification  of  the  dry  hiding  curve,  using 
the  method  of  averages  (6).  The  equation  is  shown  to  apply  to  a 
series  of  four  unrelated  paints,  and  furnishes  the  means  for  calculat¬ 
ing  the  dry  hiding  at  any  desired  contrast  ratio.  The  method  pre¬ 
sented  yields  reproducible  results,  provides  the  opportunity  for 
neutralization  of  errors  introduced  by  faulty  technique,  and  will  also 
function  where  high  dry  hiding  pigments  are  used.  The  equation  is 
applied  successfully  to  data  presented  by  other  investigators  where 
the  range  of  contrast  ratios  covered  reaches  0.999.  A  comparison 
between  the  derived  equation  and  other  empirical  hiding  power 
equations  indicates  excellent  agreement  in  the  case  of  white  paints 
and  a  definite  variation  in  the  case  of  colored  coatings.  Theoretical 
and  practical  interpretations  of  the  data  and  comparisons  are  dis¬ 
cussed. 

ONE  of  the  controlling  factors  in  the  raw  material  cost  of  a 
pigmented  coating  is  its  opacity  or  hiding  power,  since  in 
most  cases  the  hiding  pigment  is  the  costliest  portion  of  the  paint 
when  calculated  on  volume  basis.  It  is  therefore  necessary  to 
have  an  accurate  means  of  determining  the  hiding  power  of  a 
paint  both  for  formulating  purposes  and  for  estimation  of  the 
quantity  of  material  required  to  coat  a  given  area.  The  methods 
for  measuring  hiding  power  in  use  at  present  are  the  brushout 
(8, 11,  12, 17,  20,  21)  and  cryptometer  (10,  22,  23,  27,  28)  for  the 
wet  hiding  power  and  the  dry  film  contrast  ratio  specification  for 
the  dry  hiding  power  (7) . 

The  A.S.T.M.  method  (1)  for  relative  dry  hiding  has  not  re¬ 
ceived  wide  acceptance  and  does  not  appear  in  government  speci¬ 
fications.  A  number  of  systems  based  on  photometric  or  photo¬ 
graphic  measurement  are  described  in  the  literature  (2-5,  14,  15, 
16,  25,  29).  Stutz  and  Haslam  (26)  presented  a  general  evalua¬ 
tion  of  the  methods  available  at  the  time  for  hiding  power  deter¬ 
mination,  listing  their  individual  shortcomings. 

Mathematical  relationships  between  paint  film  constants  were 
derived  by  Kubelka  and  Munk  (19)  and  Hanstock  (13).  The 
equation  of  Kubelka  and  Munk  correlating  the  contrast  ratio  of  a 
paint  film  over  black  and  white  against  its  reflectance  at  infinite 
film  thickness  was  tested  by  Judd  (18),  who  found  that  it  did  not 
hold  closely  in  all  cases.  Hanstock  indicates  a  relationship  be¬ 
tween  the  log  of  the  quantity  of  fight  transmitted  through  a  paint 
film  and  the  thickness  of  the  film.  Sawyer  (24)  presents  a  com¬ 
prehensive  outline  of  the  theoretical  aspects  of  hiding  power. 
His  paper  evaluates  the  applicability  of  the  Kubelka  and  Munk 
equation,  the  equation  derived  by  Bruce,  and  an  empirical  equa¬ 
tion  by  R.  H.  Fell,  who  shows  a  linear  relation  between  log  10 
contrast  ratio  and  reciprocal  film  thickness  over  the  range  of 
from  0.7  upwards  nearly  to  1.0  contrast  ratio.  The  Fell  equa¬ 
tion  has  been  checked  by  a  number  of  workers  and  found  to  hold 
very  closely  in  the  case  of  white  paints. 

The  disadvantages  of  the  brushout  method  for  hiding  power 
determination  are  the  difficulty  of  reproducing  results  by  different 
operators,  the  large  error  introduced  by  faulty  technique,  and 
the  fact  that  this  method  does  not  take  into  account  loss  of  hid¬ 
ing  of  gloss  paints  on  drying  and  the  decided  increase  in  hiding  of 
flat  paints  formulated  with  high  dry  hiding  pigments.  The  use 
of  the  cryptometer  does  not  overcome  these  faults.  The  dry  film 
contrast  ratio  method  specifies  a  contrast  ratio  (less  than  one) 
for  a  given  volume  of  paint  per  square  foot,  painted  over  a  stand¬ 
ard  brushout  sheet.  Thus,  results  of  this  method  are  relative 
and  cannot  be  used  to  calculate  the  quantity  of  paint  needed  to 
give  complete  covering.  The  ideal  hiding  power  value  would  be 
that  obtained  over  a  standard  surface  when  the  contrast  ratio  is 
1  At  present  in  the  United  States  Navy. 


such  that  the  eye  can  no  longer  discern  any  difference  in  opacity 
over  black  and  white.  Bruce  (4)  assigned  a  value  of  0.98  as  tlx 
contrast  ratio  representing  complete  hiding,  but  Sawyer  (24) 
quoted  a  reference  to  work  by  Kraemer  and  Schupp  who  showec 
that  the  critical  contrast  ratio  is  usually  higher  than  0.98  and  mat 
even  be  higher  than  0.995  in  some  cases.  The  empirical  equatior 
presented  by  Bruce  was  reported  as  unsatisfactory  by  Gamble  anc 
Pfund  (Sawyer,  24)  and  by  the  Baltimore  Production  Club  (9) 
The  Fell  equation  has  been  applied  successfully  to  white  paints 
but  no  data  were  found  on  its  application  to  colored  paints. 

In  order  to  eliminate  the  disadvantages  of  the  methods  and 
equations  previously  used  in  determining  hiding  power,  worl 
was  undertaken  in  the  authors’  laboratory  to  find  a  means  ol 
measuring  contrast  ratio  which  could  be  duplicated  with  reason¬ 
able  accuracy  and  to  develop  a  general  equation  for  the  contrast 
ratio  curve  which  would  apply  for  white  and  colored  paints  and 
would  hold  in  the  higher  range  of  contrast  ratios. 

PREPARATION  OF  EXPERIMENTAL  COATINGS 

In  order  to  determine  whether  any  one  equation  would  apply  ir: 
all  cases,  a  series  of  four  unrelated  paints  was  ground  off.  Pig¬ 
ments  were  selected  which  varied  widely  from  each  other  in  coloi 
and  covering  power.  The  extending  pigments  and  vehicle  were 
different  in  each  case,  as  well  as  the  gloss  of  the  dry  films.  No 
attempt  is  made  to  correlate  the  results  with  any  individual  com¬ 
ponent  of  the  paints,  since  the  object  of  this  investigation  is  to 
find  an  equation  which  can  be  applied  regardless  of  the  composi¬ 
tion  of  the  coating  being  tested.  A  formula  breakdown  of  the 
test  coatings  is  given  in  Table  I. 

PREPARATION  OF  TEST  PANELS 

Six  brushouts  were  made  of  each  paint  on  standard  checker¬ 
board  paintout  sheets,  which  had  an  area  of  1  square  foot  con¬ 
sisting  of  17  white  squares  with  a  diffuse  daylight  reflectance  of 
approximately  80%  and  18  black  squares  with  a  reflectance  of 
less  than  5%.  The  brushouts  were  made  as  carefully  as  possible, 
the  amount  of  paint  being  varied  to  obtain  as  wide  a  range  of 
contrast  ratios  as  possible.  In  the  case  of  the  strongly  opaque 
green  paint,  it  was  necessary  to  thin  the  coatings  in  order  to  get 
the  lower  contrast  ratio  readings,  while  in  the  case  of  the  more 
transparent  Burgundy  lake,  two  coats  were  used  to  get  the  higher 
readings.  The  test  panels  were  permitted  to  dry  for  24  hours. 

CONTRAST  RATIO  DETERMINATIONS 

The  photovolt  reflectometer,  used  to  measure  the  contrast 
ratio,  is  illustrated  in  Figure  1.  This  instrument  consists  of  an 
indicating  taut-wire  suspension  galvanometer,  actuated  by  a 
search  unit  which  is  constructed  so  that  readings  are  obtained 


Figure  1.  Apparatus  for  Measuring  Contrast  Ratio 
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Table  I.  Composition  of  Experimental  Coatings 


Coating 

Finish 

TS-W 

II 

% 

1.  White 

Flat 

83.5 

2.  Chrome  green 

Semigloss 

83.3 

3.  Zinc  chromate 

Semigloss 

68.3 

i.  Burgundy  lake  Gloss 

80.0 

! 

Hiding  Pigment 


TP-V 

HP-V 

TS-V 

TS-V 

TP-V 

Wt./Gal. 

% 

% 

% 

Pounds 

62.0 

78.0 

30.2 

15.1 

66.0 

55.5 

7.5 

13.3 

62.5 

42.0 

66.5 

11.0 

62.8 

48.8 

14.6 

12.1 

Extender  Vehicle 


L.  White  Titanium  diox-  CaCOi 


Bodied  linseed  oil 


ide 

2.  Chrome  green  Chromium  ox-  Magnesium 
ide  silicate 


i.  Zinc  chromate  Zinc  chromate  Diatomaceous 

silica 


30  -  gallon  -  dehy¬ 
drated  castor  oil, 
maleic  gum  var¬ 
nish 

Alkyd  resin,  phenol 
resin,  tung  oil  var¬ 
nish 


l.  Burgundy  lake  Burgundy  lake  CaCOs  45-gallon  ester  gum, 

linseed  oil  varnish 


TS-W,  total  solids  by  weight 
TS-V,  total  solids  by  volume 
TP-V,  total  pigment  volume 
HP-V,  hiding  pigment  volume 
Wt./Gal.,  weight  per  gallon  in  pounds 


■quivalent  to  a  45°  angle  of  incidence  and  0°  viewing  angle. 
The  light  source  was  a  15-cp.  lamp,  and  a  filter  was  used  which 
nade  the  light  spectrally  equal  to  average  daylight.  Reflectance 
eadings  were  taken  on  the  15  squares  in  the  middle  of  the  test 
heets,  omitting  the  outer  row.  The  readings  over  black  and 
vhite  were  averaged  separately  and  the  averages  divided  to 
jve  the  contrast  ratio.  A  variation  of  more  than  2%  between 
he  highest  and  lowest  reading  over  each  set  of  squares  of  the 
ame  color  was  considered  cause  for  rejection  and  a  new  paintout 
?as  made.  The  contrast  ratio  data  are  given  in  Tables  II  to 
V. 

RECTIFICATION  OF  CONTRAST  RATIO  CURVE 

The  procedure  used  to  set  up  empirical  equations  and  test 
heir  applicability  to  the  experimental  contrast  ratio  data  was 
he  method  outlined  by  Davis  (6) .  Briefly,  it  involves  rectifica- 
lon  of  the  curve  by  plotting  those  functions  of  the  variables  that 
roduce  a  straight  hne.  The  proper  functions  are  ascertained 
y  trial  and  error. 

In  view  of  the  work  by  Hanstock  (18),  the  first  relationship 
•ied  was  that  between  the  logarithmic  functions  of  the  weight 
nd  contrast  ratio.  However,  plotting  the  data  on  log  and  semi- 
ig  paper  resulted  in  curves,  which  indicated  that  there  was  no 
roportional  relationship  between  those  functions. 

Since  the  contrast  ratio  curves  are  definitely  hyperbolic,  the 
ext  rectification  attempted  was  the  plotting  of  the  reciprocal 
f  the  weights  against  the  reciprocal  of  the  contrast  ratio.  These 
motions  would  produce  a  straight  hne  if  the  curve  were  an 
juilateral  hyperbola.  The  resultant  slight  curve  was  an  indica¬ 


tion  that  additional  constants  were  required  and  the  following 
general  equation  for  hyperbolic  curves  was  investigated : 


C  = 


W  —  Wl 
a  +  bW 


+  Cl 


where  C  =  contrast  ratio 

W  =  weight  of  paint  to  give  contrast  ratio  of  C 
Cl,  W1  =  any  set  of  coordinates  on  contrast  ratio  curve 
a,  b  =  constants  for  contrast  ratio  equation 


p  ,  .  .  yy  _  yy  i 

ror  this  equation  to  hold,  a  plot  of  - -  against  weight 

must  yield  a  straight  line.  The  derivation  of  the  equation  and 
proof  of  the  rectification  method  are  covered  thoroughly  by  Davis 

(6).  The  function  q  _  q1  was  calculated  for  each  paint  and  the 

data  are  presented  in  Tables  II  to  IV.  Plotting  these  values 
against  the  corresponding  W  yielded  a  straight  line  for  most  of  the 
coordinates  for  each  paint. 

The  equation  for  the  straight  line  is 


W  —  W1 
C  -  C* 


=  a  - f bW 


By  setting  up  two  series  of  simultaneous  equations  for  each 
paint,  constants  a  and  b  can  be  obtained.  Substituting  these 
values  in  the  general  equation  permits  the  calculation  of  weight 
for  any  desired  contrast  ratio.  A  sample  set  of  calculations  for 
the  white  paint  is  given  below. 

Typical  Calculation 


W  —  W1 
C  -  C1 


=  a  +  bW 


W1  =  14.6  Cl  =  0.912 


W  -  14.6 
C  -  0.912 


=  a  -f-  bW 


Substituting  data  from  Table  II  gives  six  equations 


35.8  =  a  +  3.786 

41.9  =  a  +  4.166 
82.0  =  a  +  10.506 

159.7  =  3a  +  18.446 


128.7  =  a  +  16.46 

133.2  =  a  +  18.26 
148.4  =  a  +  19.86 

410.3  =  3a  +  54.46 


The  equations 


159.7  =  3a  +  18.446 
410.3  =  3a  +  54.46 


(1) 

(2) 

(3) 


(4) 


(5) 


obtained  by  the  addition  of  the  two  sets  of  equations  above,  are 
solved  simultaneously  to  yield 


a  =  10.2 
6  =  6.98 


Substituting  in  the  general  equation, 


C  = 


IF  -  14.6 
10.2  +  6. 98 IF 


+  0.912 


(6) 


Figure  2.  Rectification  of  Contrast  Ratio  Curves 

#.  Observed  data  O-  Calculated  data 
Left,  white  paint  1.  Right,  chrome  sreen  paint  ! 


which  is  the  contrast  ratio  curve  equation 
for  the  white  paint. 

A  check  in  the  cases  where  no  straight 
line  was  obtained  suggested  that  the  devia¬ 
tion  was  due  to  the  fact  that  the  set  of  co¬ 
ordinates  used  was  out  of  line  in  relation  to 
the  other  coordinates.  In  order  to  correct 
the  deviations  as  much  as  possible,  the 
rectification  was  carried  out  with  the  set  of 
coordinates  that  were  most  dependable — 
i.e.,  weight  equal  to  0 — and  the  contrast 
ratio  of  the  brushout  sheet.  Constants  a 
and  6  were  calculated  for  each  paint  using 
the  coordinates  W1  =  0,  C1  =  0.043,  as  out¬ 
lined  in  the  typical  calculation  above. 

These  constants  were  used  in  the  hiding 
power  equation 


IF  -  0 
a  +  bW 


+  0.043 


and  C  was  calculated  for  each  IF.  These 
figures  were  tabulated  in  Tables  II  and  III. 
The  observed  and  calculated  contrast  ratios 
were  plotted  against  weight  in  Figures  2 
and  3.  In  every  case,  calculated  contrast 
ratios  gave  a  smooth  curve  which  seemed  to 
align  the  observed  data  properly. 
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Table  II.  Contrast  Ratio  Data  for  White  Paint  1 


W  —  0  Calcd. 


w 

C 

C  -  0.043 

C  -  0.043 

C 

0 

0.043 

3.78 

0.610 

0.567 

6.66 

0.628 

10.5 

0.862 

0.819 

12.82 

0.855 

14.6 

0.912 

0.869 

16.80 

0.910 

16.4 

0.926 

0.883 

18.57 

0.926 

18.2 

0.939 

0.896 

20.31 

0.939 

19.8 

0.947 

0.904 

21.90 

0.949 

In  order  to  test  the  equation  in  the  higher  range  of  contrast 
ratios,  above  0.98,  the  rectification  was  applied  to  data  from  the 
Baltimore  Club  ( 9 ).  Two  paints  were  chosen,  one  in  which  the 
contrast  ratio  was  determined  up  to  0.990,  and  the  other  where 
the  highest  contrast  ratio  was  0.999.  The  rectification  data  are 
tabulated  in  Table  IV  and  the  contrast  ratio  curves  presented  in 
Figure  4.  The  equation  showed  excellent  adherence  to  the 
data,  with  negligible  differences  between  observed  and  calculated 
contrast  ratios. 

In  brief  review,  the  method  for  determining  dry  hiding  power 
is  as  follows: 


Table  III.  Contrast  Ratio  Data 

TV  —  0  Calcd. 


W 

C 

C  -  0.043 

C  -  0 . 043 

C 

Chrome  Green  Paint  2 

0 

0.043 

0.043 

3.0 

0.445 

0.402 

7.46 

0.481 

3.4 

0.533 

0.490 

6.94 

0.531 

4.2 

0.672 

0.629 

6.67 

0.623 

5.5 

0.792 

0.749 

7.35 

0.759 

6.2 

0.830 

0.7S7 

7.87 

0.825 

7.3 

0.884 

0.841 

8.68 

0.923 

Zinc  Chromate  Paint  3 

0 

0.043 

0.043 

2.9 

0.572 

0.529 

5.49 

0.593 

3.9 

0.681 

0.638 

6.12 

0.677 

5.0 

0  770 

0.727 

6.88 

0.746 

6.6 

0.789 

0.756 

8.73 

0.818 

8.6 

0.842 

0.854 

10.06 

0.881 

9.8 

0.914 

0.871 

11.25 

0.909 

Burgundy  Lake  Paint  4 

0 

0.043 

0.043 

5.5 

0.248 

0.205 

26.81 

0.265 

8.6 

0.379 

0.336 

25.60 

0.364 

13.6 

0.500 

0.457 

29.73 

0.491 

24.5 

0.685 

0.642 

38. 15 

0.692 

25.4 

0.694 

0.651 

39.00 

0.705 

30.2 

0.739 

0.696 

40.80 

0.767 

The  contrast  ratio  of  the  standard  black  and  white  hiding 
power  sheet  is  measured  by  a  suitable  photoelectric  instrument, 
using  a  daylight  filter. 


Six  brushouts  are  made  on  the  hiding  power  sheets  and  al 
lowed  to  dry  for  24  hours. 

The  reflectances  of  the  center  squares  are  measured  and  th< 
results  averaged.  A  variation  of  more  than  2% 
indicates  a  poor  brushout  and  a  new  brushout  1 
made.  The  average  reflectance  over  black  i: 
divided  by  that  over  white  to  give  the  contrasi 
ratio. 


Figure  3.  Rectification  of  Contrast  Ratio  Curves 

0.  Observed  data  O-  Calculated  data 

Left,  Burgundy  lake  paint  4.  Right,  zinc  chromate  paint  3 


Values  for 


W  —  W1 


are  determined  using  the 


C  -  Cl 

coordinate  TV1  =  0,  C1  being  the  contrast  ratk 
of  the  unpainted  brushout  sheet.  These  value; 
are  substituted  in  the  equation 

W  —  W1 

=  a  +  bW 


C1 


to  give  six  equations. 

The  six  equations  are  divided  into  two  sets  anc 
added  to  give  two  equations  which  are  solvec 
simultaneously  for  constants  a  and  b. 

The  hiding  power  equation 

W 

C  =  7TTT  +  C1 


a  +  £>TF 

where  C1  is  the  contrast  ratio  of  the  unpaintet 
hiding  power  sheet  is  solved  for  that  value  of  ( 
which  is  considered  to  indicate  complete  hiding 
Thus  value  can  be  converted  to  square  feet  o 
coverage  per  gallon  by  using  the  equation 

rrn  /  r.  -  ,  v  454  X  W  per  gal. 

H.P.  (sq.  ft.  per  gal.)  = - ? — r— 7 - h 

n  grams  of  paint  per  sq.  it 


Figure  4.  Rectification  of  Contrast  Ratio  Curves 
0.  Observed  data.  O.  Calculated  data 
Left,  titanated  lithopone  paint.  Right,  high  dry  hiding  lithopone  paint 


DISCUSSION 

The  measurement  of  hiding  power  has  alway 
been  a  controversial  subject.  In  part,  this  can  bi 
attributed  to  the  difficulty  of  applying  uniforn 
films  of  paint  and  misunderstanding  as  to  wha 
constitutes  complete  hiding. 

The  theoretical  conception  of  the  contrast  ratii 
curve  is  that  it  is  asymptotic  to  unit  contrast  ratio 
and  that  there  must  always  be  a  difference  be 
tween  the  reflectance  over  white  and  the  reflect 
ance  over  black,  even  though  that  difference  b< 
immeasurable.  However,  in  making  the  reflect 
ance  measurements,  we  must  use  an  instrumen 
with  definite  sensitivity  limitations.  The  data  ob 
tained  must  necessarily  be  bound  by  the  limita 
tions  of  the  instrument  used.  Therefore,  anj 
empirical  equation  evolved  from  such  data  wil 
represent  a  contrast  ratio  curve  as  develope( 
by  the  reflectometer  used.  It  will  be  seei 
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Table  IV.  Rectification  Data 


Table  V.  Data  for  Comparison  with  Fell  Formula 


w 

C 

C  -  0.0102 

IF  -  0 

C  -  0.0102 

Calcd. 

c 

0 

0.0102 

Titanated  Lithopone  ( 9 ,  p.  29) 

0.0102 

3.2 

0.750 

0.7398 

4 . 325 

0.747 

3.8 

0.798 

0.7878 

4.825 

0.784 

6.0 

0.868 

0.8578 

6.995 

0.868 

7.5 

0.897 

0.8868 

8.475 

0.900 

10.9 

0.936 

0.9258 

11.77 

0.947 

11.7 

0.952 

0.9418 

12.42 

0.953 

15.5 

0.990 

0.9798 

15.82 

0.978 

0 

High  Dry  Hiding  Lithopone  ( 9 , 
0.0102  _ 

p.  29)  60%  P/NV 

0.0102 

5.7 

0.938 

0.9278 

6.i3 

0.943 

8.0 

0.965 

0.9548 

8.38 

0 . 963 

10.0 

0.976 

0.9658 

10.36 

0.975 

15.2 

0.988 

0.9778 

15.54 

0.990 

17.6 

0.993 

0.9828 

17.90  1 

0.994 

21.4 

0.999 

0.9888 

21.62 

0.999 

hat  in  the  author’s  equation,  a  value  can  be  obtained  for  contrast 
atio  of  unity.  From  a  practical  standpoint,  this  value  repre- 
ents  the  point  at  which  the  instrument  used  can  no  longer  register 
difference  between  reflectance  over  white  and  black,  and  may 
>e  considered  complete  hiding  for  that  instrument. 

There  has  been  little  attempt  made  to  apply  hiding  power 
quations  to  coatings  other  than  white,  perhaps  because  theo- 


Reciprocal 

Observed 

Log  of  10  X 
Observed 

Calculated 

Log  of  10  X 
Calculated 

Weight 

of 

Contrast 

Contrast 

Contrast 

Contrast 

Weight 

Ratio 

Ratio 

Ratio 

Ratio 

3.78 

0.264 

0.610 

White  1 

0 . 7853 

0.628 

0.7980 

10 . 5 

0 . 0952 

0.862 

0 . 9355 

0.855 

0 . 9320 

14 . 6 

0.0685 

0.912 

0.9600 

0.910 

0 . 9590 

16.4 

0.0610 

0.926 

0.9666 

0.926 

0.9666 

18.2 

0 . 0550 

0 . 939 

0.9727 

0 . 9.39 

0.9727 

19.8 

0.0505 

0.947 

0.9763 

0.949 

0.9773 

3.0 

0.333 

Chrome  Green  2 
0.445  0.6484 

0.481“ 

0.6821 

3.4 

0.294 

0.533 

0.7267 

0.531 

0.7251 

4.2 

0.238 

0.672 

0 . 8274 

0.623 

0.7945 

5 . 5 

0.182 

0.792 

0.8987 

•0.759 

0 . 8802 

6.2 

0.161 

0.830 

0.9191 

0.825 

0.9165 

7.3 

0.137 

0.884 

0.9465 

0.923 

0.9652 

2.9 

0.345 

Zinc  Chromate  3 
0.572  0 . 7574 

0.593 

0.7731 

3.9 

0.256 

0.681 

0.8331 

0.677 

0.8306 

5 . 0 

0.200 

0.770 

0.8865 

0.746 

0.8727 

6.6 

0.152 

0.789 

0.8971 

0.818 

0.9128 

8.6 

0.116 

0.842 

0 . 9253 

0.881 

0.9450 

9.8 

0.102 

0.914 

0.9609 

0.909 

0.9586 

5.7 

High  Dry  Hiding  Lithopone  (9,  p.  29)  60%  P/NV 
0.175  0.938  0.9722  0.943 

0.9745 

8.0 

0.125 

0.965 

0.9845 

0.963 

0.9836 

10.0 

0.100 

0.976 

0 . 9894 

0.975 

0 . 9890 

15.2 

0.0658 

0.988 

0 . 9948 

0.990 

0.9956 

17.6 

0.0568 

0.993 

0.9969 

0.994 

0.9974 

21.4 

0.0467 

0.999 

0.9996 

0.999 

0.9996 

°  From  Table  III. 


etically  agreement  is  not  to  be  expected  except  by  spectrophoto- 
letric  analysis  and  separate  treatment  for  various  wave  lengths 
f  the  visible  spectrum.  After  the  present  work  was  finished, 
he  attention  of  the  authors  was  drawn  to  the  Fell  equation  (24) 
Sj'hich  shows  a  relationship  between  the  log  of  10  X  contrast  ratio 
nd  the  reciprocal  of  the  film  thickness.  This 
quation  has  been  shown  to  hold  for  several  white 
laints,  and  it  is  of  interest  to  see  whether  this  rela- 
on  applies  as  well  as  the  hyperbolic  equation  pro- 
osed  here  to  the  same  data  including  chromatic 
■  Is  well  as  white  paints.  Figures  5  and  6  and  Table 
show  this  comparison;  the  agreement  with  the 
ell  equation  is  generally  good.  Indeed,  for  one 
f  the  chromatic  paints  (chrome  green,  Figure  5, 


1.00 


.18  .22  .26  .30  .34  ,3£ 

RECIPROCAL  OF  WEIGHT 

Figure  5.  Comparison  with  Fell  Equation 

♦  .  Observed  data  O.  Calculated  data 
Above,  white  paint  1 .  Below,  chrome  gic«n  paint  2 


lower)  the  agreement  is  slightly  better  than  with  the  hyperbolic 
form,  since  a  straight  line  may  be  drawn  which  fits  the  observed 
data  slightly  more  closely  than  the  curve  which  corresponds  to  the 

hyperbola  fitted  by  the  authors’ 
method.  It  is  probable,  there¬ 
fore,  that  an  alternate  method 
for  finding  conveniently  the 
weight  corresponding  to  com¬ 
plete  hiding  could  be  worked 
out  for  the  Fell  equation, 
though  the  authors  have  not 
tried  to  do  this. 


Figure  6.  Comparison  with  Fell  Equation 

•  .  Observed  data.  O.  Calculated  data 
Above,  zinc  chromate  paint  3.  Below,  high  dry  hiding 
lithopone  paint 


CONCLUSION 

The  method  for  measuring 
dry  hiding  of  pigmented  coat¬ 
ings  as  outlined  offers  the  means 
for  eliminating  many  of  the  dis¬ 
advantages  now  encountered. 
Its  results  are  reproducible  and 
it  permits  the  operator  to  detect 
and  discard  poor  brushouts. 
The  use  of  the  hiding  power 
equation  gives  its  reading  on 
the  paint  in  the  state  in  which 
the  information  is  of  the  most 
value,  the  dried  film.  The 
equation  offers  the  possibility 
of  standardizing  on  a  value  for 
complete  hiding  which  would 
be  less  open  to  dispute  than 
the  values  now  used. 
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Determination  of  Nitrate,  Nitrite,  and  Ammonium  Nitrogen 

Rapid  Photometric  Determination  in  Soil  and  Plant  Extracts 

BENJAMIN  WOLF,  The  G.  L.  F.-Seabrook  Farms  Raw  Products  Research  Division,  Bridgeton,  N.  J. 


THE  determination  of  soluble  inorganic  nitrogen  fractions  in 
plant  and  soil  extracts  is  extremely  useful  in  explaining  crop 
growth.  In  a  previous  paper  (4)  a  method  was  described  for  the 
determination  of  nitrate  nitrogen.  The  present  paper  gives  a 
more  rapid  method  for  determining  nitrate  nitrogen  and  in  ad¬ 
dition,  proposes  methods  for  determination  of  nitrite  and  am¬ 
monium  nitrogen  in  the  same  extract. 

APPARATUS 

Photoelectric  colorimeter.  The  amounts  of  reagents  and 
samples  are  based  on  the  use  of  the  Fisher  electrophotometer. 

Vials  (4),  stirring  rods,  Waring  Blendor,  balance,  oven,  and 
1-  and  5-ml.  pipets. 

REAGENTS  AND  SOLUTIONS 

All  reagents  should  be  of  c.p.  grade. 

Extractions.  Morgan’s  universal  extracting  solution  (2), 
acetic  acid  (0.5  N),  buffered  at  pH  4.8  with  sodium  acetate. 

Determination  of  Nitrate  Nitrogen.  Brucine  (Merck), 
1%  in  concentrated  sulfuric  acid,  is  prepared  just  prior  to  using. 
The  sulfuric  acid  should  be  free  of  nitrates. 

Nitrate  nitrogen  standard.  Sodium  nitrate,  0.0910  gram  in 
1000  ml.  of  extracting  solution  to  supply  15  p.p.m.  of  nitrogen. 

Determination  of  Nitrite  Nitrogen.  Dimethylaniline 
(Eastman  97),  10  ml.,  in  1  to  6  hydrochloric  acid.  Concentrated 
hydrochloric  acid. 

Nitrite  nitrogen  standard.  Potassium  nitrite,  0.1210  gram  in 
1000  ml.  of  extracting  solution  to  supply  20  p.p.m.  of  nitrogen. 

Determination  of  Ammonium  Nitrogen.  To  make  Graves 
reagent  (5),  80  grams  of  sodium  chloride  are  dissolved  in  130  ml. 
of  water  and  100  ml.  of  a  cold  saturated  solution  of  mercuric  chlo¬ 
ride  (7%)  are  added  with  shaking.  The  salt  is  almost  dissolved 
and  70  ml.  of  a  saturated  solution  of  lithium  carbonate  (1%)  are 
added  in  small  quantities  and  with  continued  shaking.  Five 
grams  of  talc  are  added  to  the  solution,  which  is  filtered.  Stored 
in  a  brown  bottle  and  kept  stoppered,  it  will  keep  for  several 
weeks,  but  needs  to  be  thoroughly  shaken  before  use. 

Gum  arabic,  0.25%;  sodium  hydroxide,  15%. 

Standard  nitrogen.  Ammonium  chloride,  0.1521  gram  in  1000 
ml.  of  extracting  solution  to  supply  40  p.p.m.  of  nitrogen. 


METHODS 

Preparation  of  Soil  and  Plant  Extracts.  Detailed  di¬ 
rections  for  preparing  extracts  have  been  given  (4). 


Calibration  of  Standard  Curves.  Aliquots  of  standarc 
solutions  are  diluted  with  extracting  solution  to  appropriate 
level  and  treated  as  in  the  determination  of  nutrients  of  soil  anc 
plant  extracts.  Photometer  readings  are  taken  using  the  ap 
propriate  filter  (Table  I).  Deflection  concentration  curves  an 
drawn  from  the  resultant  data. 


Table  I.  Determination  of  Inorganic  Nitrogen  Fraction  for  Standarr 
Curves  and  in  Soil  and  Plant  Extracts 


Nitrogen 

Useful 

Volume  of 

Fraction 

Material 

Range 

Aliquots 

Diluted  to 

P.p.m. 

Ml. 

Ml. 

Nitrate  N 

Standard  soln. 

0-2 

0-2 

15 

Soil  extract 

0.6-12 

2.5 

Plant  extract 

0.6-12 

2.5 

Nitrite  N 

Standard  soln. 

0-5 

0-5 

20 

Soil  extract 

2-10 

10 

Plant  extract 

2-10 

10 

Ammonium  N 

Standard  soln. 

0-5 

0-25 

20 

Soil  extract 

4-80 

5 

Plant  extract 

4-80 

5 

Determination  of  Nutrients  in  Soil  and  Plant  Extracts 
Nitrate  Nitrogen  in  the  Absence  of  Nitrite  Nitrogen.  Soil  or  plant 
extracts  (2.5  ml.)  are  diluted  to  15  ml.  with  extracting  solutior. 
and  7.5  nil.  of  brucine  reagent  are  added  cautiously  down  the  side 
of  tube.  The  contents  are  immediately  stirred  with  a  flat-bot¬ 
tomed  rod.  Photometer  readings  are  taken  after  t15  minutes, 
using  a  425  blue  filter  and  adjusting  the  blank  to  100. ' 

Nitrate  Nitrogen  in  the  Presence  of  Nitrite  Nitrogen.  Nitrite 
nitrogen  will  produce  color  changes  similar  to  those  produced  by 
nitrate  nitrogen  with  the  brucine  reagent.  A  concentration  ol 
nitrite  nitrogen  is  approximately  3  times  as  effective  as  one  of  ni¬ 
trate  nitrogen,  and  so  3  p.p.m.  of  nitrate  nitrogen  can  be  subtracted 
for  every  p.p.m.  of  nitrite  nitrogen  present  in  the  extract  (for  pho¬ 
tometer  readings  100  to  35).  Nitrite  nitrogen  is  determined  by 
the  method  outlined  blow. 

For  more  exact  determination,  standard  amounts  of  nitrite 
nitrogen  (0.1  to  1.0  p.p.m.)  are  treated  with  brucine  as  for  the  de¬ 
termination  of  nitrate  nitrogen  and  a  standard  curve  is  drawn  from 
the  resultant  data.  The  amount  of  nitrate  nitrogen  equivalent  to 
the  nitrite  nitrogen  present  is  calculated  from  the  standard 
curves  and  deducted  from  the  total  amount  of  nitrate  nitrogen  in 
the  extract  as  shown  by  the  brueine>test. 

Nitrite  Nitrogen.  Dimethylaniline  solution  (0.5  ml.)  is  added 
to  each  tube  containing  10  ml.  of  soil  or  plant  extract  diluted  to 
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Table  II.  Recovery  from  Mixtures  of  Standard  Solution  and  of  Soil  and  Plant  Extracts  Plus 

Standard  Solutions 


Nitrate  Nitrogen 

Nitrite  Nitrogen 

Ammonium  Nitrogen 

Nitrogen  Fraction 

Found 

Calcd.  Diff. 

Found 

Calcd. 

Diff. 

Found 

Calcd. 

Diff. 

P.p.m. 

P.p.m.  P.p.m. 

P.p.m. 

P.p.  m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m 

Mixed  solution 

3.6 

4.0  -0.4 

2.0 

2.0 

0 

6.8 

6.0 

+  0.8 

Plant  extract 

5.2 

0 

4.8 

Plant  extract  and 
mixed  solution 

5.0 

4.6  +0.4 

1.4 

1.0 

+0.4 

5.6 

5 . 4 

+  0.2 

Soil  extract 

1.3 

1.0 

4.8 

Soil  extract  and 
mixed  solution 

2.6 

2.6  0 

1.6 

1.5 

+0.1 

5.2 

5.4 

-0.2 

uly,  1944 

0  ml.  with  extracting  solution.  The  eon- 
lentsare  stirred,  1  ml.  of  concentrated  hy- 
rochloric  acid  is  added,  and  contents  are 
tirred  again.  Readings  are  taken  in  15 
linutes,  using  a  425  blue  filter  and  adjust- 
rig  the  blank  to  100. 

Ammonium  Nitrogen.  Five  milliliters 
f  soil  or  plant  extract  are  diluted  to  20  ml. 
bth  extracting  solution  and  0.2  ml.  of  gum 
rabic  solution  is  added.  The  contents 
re  mixed  thoroughly  by  means  of  a  flat- 
ottomed  rod,  and  0.5  ml.  of  Graves’ 
ieagent  is  added.  The  contents  are  again 
lixed  and  3.5  ml.  of  15%  sodium  hydrox- 
lie  are  added  to  each  tube,  mixing  im¬ 
mediately  after  the  addition  of  the  hydroxide.  Readings  are 
Baken  after  5  minutes,  using  a  425  blue  filter  and  a  null  adjust- 
lent  giving  a  reading  of  100  with  the  blank. 

DISCUSSION  OF  METHODS 

A  blank  should  be  run  on  all  determinations.  It  is  convenient 
p  run  about  12  samples  at  one  time.  Blocks  to  hold  13  vials 
12  samples,  1  blank)  facilitate  handling. 

The  use  of  7.5  ml.  of  brucine  reagent  for  15  ml.  of  sample  plus 
|xtracting  solution  determines  both  nitrate  and  nitrite  nitrogen, 
f  proportionately  larger  amounts  of  sulfuric  acid  were  used,  ni¬ 
trates  alone  would  be  determined  (3).  However,  higher  concen¬ 
trations  of  sulfuric  acid  cause  browning  of  organic  constru¬ 
cts.  The  effects  of  nitrite  nitrogen  can  also  be  eliminated  by 
he  use  of  sodium  azide  (1 ).  It  is  simpler  to  use  a  low  concentra- 
lon  of  acid  and  to  compensate  for  the  amount  of  nitrite  nitrogen 
resent. 

'  For  many  soil  and  plant  extracts  the  nitrite  nitrogen  content 
rill  be  negligible.  In  such  cases,  it  can  be  ignored,  and  the  re¬ 
mits  obtained  from  the  brucine  test  can  be  considered  as  indica¬ 
te  of  the  nitrate  nitrogen  content. 

The  determination  of  nitrate  nitrogen  is  influenced  by  the 
pncentration  of  acid  present.  If  the  acid  is  added  directly  to 
he  diluted  extract  insufficient  color  is  produced  for  the  range  of 
itrogen  desired.  Higher  concentration  of  acid  which  would  cor- 
lict  this  situation  is  unsatisfactory.  If  the  brucine  reagent  is 
dded  down  the  sides  of  the  tube,  it  is  possible  to  use  sufficient 
concentrations  of  acid  without  browning  of  the  organic  constitu¬ 
tes.  The  contents  are  mixed  and  thereby  the  relative  concen- 
•ation  of  acid  is  reduced,  so  that  the  organic  constituents  do  not 
lrn  brown.  It  is  important,  therefore,  to  add  the  acid  at  a  fairly 
niform  rate  down  the  sides  of  the  tube  and  to  mix  the  contents 
nmediately  with  a  flat-bottomed  rod. 

In  the  nitrite  nitrogen  determination  the  color  is  influenced  by 
•  ae  concentration  of  hydrochloric  acid  used  and  by  the  amounts 
f  dimethylaniline.  It  is  important  to  measure  these  reagents 
-  xrefully. 

A  small  error  is  introduced  in  the  nitrite  nitrogen  determina- 

Ion  because  of  slight  color  that  is  present  in  the  extracts  or  ap- 
ears  upon  the  addition  of  hydrochloric  acid.  The  test  is,  there- 
>re,  not  accurate  for  less  than  1  p.p.m.  of  nitrite  nitrogen  in  the 
)il  or  plant  extract.  It  is  best  to  ignore  readings  for  less  than 
lis  amount  of  nitrite  nitrogen. 

In  the  ammonium  nitrogen  determination,  the  precipitate 
>rmed  is  influenced  by  the  length  of  standing  and  by  the  gum 
•abic  added.  If  allowed  to  stand  much  longer  than  5  minutes 
le  colloidal  precipitate  in  some  cases  will  settle  out  and  make 
le  readings  inaccurate.  Repeatable  results  can  be  obtained 
y  taking  readings  exactly  5  minutes  after  addition  of  the  so- 
ium  hydroxide. 

The  use  of  0.2  ml.  of  gum  arabic  aids  in  the  suspension  of  the 
jlloidal  precipitate  and  permits  determination  of  larger  amounts 
'  ammonium  nitrogen.  The  Graves’  reagent  may  settle  out  on 
anding.  If  shaken  to  obtain  a  uniform  suspension  before  using, 
may  be  used  for  several  weeks  after  preparation. 

The  Graves’  reagent  should  be  added  after  the  gum  arabic  has 
sen  thoroughly  mixed  with  the  contents  of  the  tube.  The  con¬ 


tents  should  again  be  mixed  immediately  after  addition  of  the 
Graves’  reagent  and  mixed  thoroughly  after  addition  of  sodium 
hydroxide. 

Accuracy.  The  nitrate  nitrogen  determination  can  be  re¬ 
peated  within  0.1  p.p.m.  for  amounts  of  0.1  to  2.0  p.p.m.  of  ni¬ 
trate  nitrogen.  Nitrite  nitrogen  must  be  determined  and  deduc¬ 
tions  made  accordingly  to  evaluate  properly  the  nitrate  nitrogen 
content,  although  the  nitrite  content  of  most  plant  and  soil  ex¬ 
tracts  can  be  ignored  for  practical  purposes.  The  nitrite  nitro¬ 
gen  determination  can  be  repeated  within  0.2  p.p.m.  for  1  to  5 
p.p.m.  of  nitrogen. 

The  ammonium  nitrogen  determination  can  be  repeated  within 
0.2  p.p.m.  for  between  1  to  5  p.p.m.  of  nitrogen. 

Where  recommended  aliquots  are  used,  these  variations  repre¬ 
sent  1.09  kg.  (2.4  pounds)  of  nitrate  nitrogen,  0.68  kg.  (1.5 
pounds)  of  nitrite  nitrogen,  and  3.63  kg.  (8  pounds)  of  ammonium 
nitrogen  per  908,000  kg.  (2,000,000  pounds)  of  soil,  and  24  p.p.m. 
of  nitrate  nitrogen,  8  p.p.m.  of  nitrite  nitrogen,  and  32  p.p.m.  of 
ammonium  nitrogen  in  plant  material  on  a  fresh  weight  basis. 

The  amounts  determined  in  a  soil  and  plant  sample  along  with 
the  amounts  recovered  from  samples  and  mixed  solutions  are 
given  in  Table  II.  In  general,  recoveries  from  mixed  solutions 
or  from  additions  to  soil  or  plant  extracts  are  good. 

CONCLUSIONS 

Rapid  photometric  methods  for  the  determination  of  nitrate, 
nitrite,  and  ammonium  nitrogen  in  soil  and  plant  extracts  are 
given.  Only  one  extraction  of  soil  or  plants  is  made,  using  one 
extracting  solution  for  all  determinations.  Determinations  are 
made  on  separate  aliquots  of  the  extract. 

Nitrate  plus  nitrite  nitrogen  is  determined  by  brucine  reagent, 
nitrite  nitrogen  by  dimethylaniline  reagent.  Nitrate  nitrogen  is 
obtained  by  difference  (nitrate  plus  nitrite  N  —  nitrite  N  =  ni¬ 
trate  N).  Ammonium  nitrogen  is  determined  by  means  of 
Graves’  reagent.  By  careful  attention  to  details,  fairly  accurate 
values  can  be  obtained. 
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Determination  of  Antimony  in  Tin-Base  Alloys 

C.  L.  LUKE,  Bell  Telephone  Laboratories,  Inc.,  New  York,  N.  Y. 


The  usual  methods  for  determination  of  antimony  in  tin-base  alloys 
yield  low  results  in  the  presence  of  copper,  due  to  catalyzed  oxida¬ 
tion  of  antimony  during  solution  of  the  sample  in  hot  sulfuric  acid 
solution  (Low  method);  or  to  co-oxidation  of  antimony  with  copper 
following  reduction  with  sulfurous  acid  (Rowell  method).  The  low 
results  can  be  eliminated  by  using  a  Low-Rowell  method  in  which 
the  sample  is  dissolved  in  hot  sulfuric  acid  and  the  traces  of  penta- 
valent  antimony  are  reduced  in  hydrochloric  acid  solution  with 
sulfurous  acid  under  conditions  where  the  amount  of  copper  reduced 
is  too  small  to  cause  appreciable  co-oxidation  of  antimony. 


THE  two  methods  most  often  used  for  the  determination  of 
antimony  in  tin-base  alloys  are  those  in  which  the  sample  is 
dissolved  in  hot  sulfuric  acid  (Low’s  method,  9),  or  in  hydro¬ 
chloric  acid  and  bromine  followed  by  reduction  of  antimony  and 
arsenic  to  the  trivalent  state  with  sulfurous  acid  (Rowell’s 
method,  2,  15) ;  the  arsenic  is  expelled  from  strong  hydrochloric 
acid  solution  by  boiling;  and  the  antimony  is  titrated  with 
bromate  by  the  method  of  Gyorv  (4).  (These  are  referred  to 
below  as  the  modified  Low  and  Rowell  methods.)  When  the 
arsenic  content  is  known  and  is  small  compared  to  that  of  the 
antimony  it  is  sometimes  simpler  to  titrate  both  the  antimony 
and  arsenic  and  then  correct  for  the  latter.  This  is  usually  done 
by  solution  of  the  alloy  in  sulfuric  acid,  dilution  with  water  and 
hydrochloric  acid,  and  titration  at  10°  C.  with  permanganate. 

The  above  methods  are  satisfactory  in  the  absence  of  such 
interfering  elements  as  iron  and  copper.  These  elements  are 
usually  present,  however,  and  their  effects  must  be  considered. 
Iron  in  small  quantities  is  not  harmful  in  the  modified  Low 
method,  since  the  iron  is  oxidized  to  the  trivalent  state  in  the 
hot  sulfuric  acid  (16).  Similarly,  as  Rowell  has  shown  (15),  in 
the  Rowell  method  the  reduction  of  iron  in  strong  hydrochloric 
acid  with  sulfurous  acid  is  slow  and  thus  its  deleterious  effect  is 
not  too  great.  Iron  in  large  quantities  causes  high  results  for 
antimony  in  both  methods  and  separation  must  be  resorted  to. 
Fortunately,  the  iron  content  of  most  tin-base  alloys  is  not  high 
enough  to  cause  trouble. 

Copper  will  cause  high  results  if  it  is  in  the  cuprous  state  at 
the  time  of  the  antimony  titration.  On  the  other  hand,  copper, 
when  present  in  amounts  greater  than  0.1%,  may  cause  the  re¬ 
sults  to  be  low,  owing  to  its  effect  in  catalyzing  the  oxidation  of 
antimony  previous  to  titration.  This  catalytic  effect  is  usually 
small  and  can  be  ignored  in  most  routine  work,  but  in  accurate 
work  it  cannot  be  ignored.  The  usual  practice  in  such  cases  is 
to  remove  the  copper  before  reducing  and  titrating  the  anti¬ 
mony.  Because  the  methods  of  separation  available  are  time- 
consuming  (1),  it  appeared  desirable  to  investigate  the  catalytic 
effect  of  the  copper  in  the  hope  of  finding  conditions  under  which 
the  direct  determination  can  be  employed  without  interference 
from  the  copper. 

This  investigation  has  resulted  in  the  development  of  a  method 
which  yields  satisfactory  results  in  the  presence  of  copper.  The 
method  consists  essentially  of  dissolving  the  alloy  in  hot  sulfuric 
acid,  reducing  the  small  amount  of  pentavalent  antimony  with 
sulfurous  acid  in  strong  hydrochloric  acid  solution,  expelling 
arsenic  and  excess  sulfurous  acid  by  boiling,  and  titrating  anti¬ 
mony  with  bromate.  The  method  has  been  tested  on  Bureau  of 
Standards  tin-base  alloys  54-a  and  54-b  which  contain  about  7% 
antimony,  0.05%  arsenic,  3%  copper,  and  0.03%  iron.  The 
results  are  very  satisfactory  (see  Table  VI). 


REAGENTS 

Standard  Potassium  Bromate  Solution  (0.1  N).  Twic 
recrystallize  potassium  bromate  from  water,  and  dry  at  180°  C  t 
constant  weight.  Dissolve  2.784  grams  of  the  potassium  bro 
mate  in  water  and  dilute  to  1  liter  in  a  volumetric  fla-k. 

Methyl  Orange  Solution.  Dissolve  0.1  gram  of  methv 
orange  in  100  ml.  of  water. 

PROCEDURE 

Transfer  1  gram  of  the  finely  divided  sample  (free  of  metalli 
iron)  into  a  dry  500-ml.  Erlenmeyer  flask.  Add  10  ml.  of  sul 
luric  acid  and  heat  without  cover  first  on  a  hot  plate  and  then  oi 
a  Tirrill  flame  until  complete  dissolution  of  the  sample  is  at 
tamed,  and  copious  white  fumes  are  being  evolved.  During  th. 
initial  treatment  with  acid  avoid  heating  the  sample  on  a  plat, 
that  is  too  hot;  otherwise  the  sample  may  melt  and  complefi 
dissolution  will  become  very  difficult.  Cool.  Add  10  ml.  o 
water  and  3  or  4  grains  of  12-mesh  silicon  carbide  to  act  as  ai 
antibump.  Add  50  ml.  of  hydrochloric  acid  and  warm  the  solu 
ti°n  for  a  few  minutes  to  dissolve  all  salts.  Adjust  the  tempera 
ture  to  approximately  50  °  C.  Add  25  ml.  of  sulfurous  acid  (6% 
and  jilaee  the  flask  on  a  hot  plate  with  surface  temperature  o 
275  to  300°  C.  Boil  the  solution  without  cover  until  the  volum< 
is^ reduced  to  60  ±  5  ml.,  remove  from  the  plate,  and  dilute  t( 
350  ml.  with  boding  water.  Pass  a  fairly  rapid  stream  of  ai 
or  oxygen  through  the  solution  for  5  minutes.  Titrate  in  tht 
usual  manner  with  0.1  If  potassium  bromate  solution,  usim 
methyl  orange  as  indicator : 

(Ml.  of  KBr03  —  blank)  X  0.609  =  %  antimony 

DISCUSSION 

Catalytic  Oxidation  of  Antimony  in  Presence  of  Copper 
Copper  has  been  used  as  catalyst  in  the  reduction  of  arsenic  anc 
antimony  (3,  10).  On  the  other  hand,  it  appears  that  undei 
certain  conditions  copper  can  also  act  as  catalyst  in  the  oxida¬ 
tion  of  the  two  metals.  Thus,  it  has  been  shown  that  low 
results  for  antimony  are  obtained  in  the  Low  or  Rowell  methods 
for  the  analysis  of  lead  and  tin  alloys  when  the  latter  contain 
copper  (6, 16, 17).  Rowell  and  other  workers  have  reported  high 
results  for  antimony  when  copper  is  present,  but  it  is  probable 
that  in  these  instances  precautions  were  not  taken  to  ensure 
complete  oxidation  of  the  copper  to  the  cupric  state  by  bubbling 
air  through  the  solution  before  titration  of  the  antimony. 

The  author  has  recently  studied  the  behavior  of  copper  in  the 
analysis  of  antimony  in  tin-base  alloys  by  the  Rowell  and  modi¬ 
fied  Low  methods.  Experiments  indicate  that  in  the  Rowell 
method  the  low  results  are  caused  by  co-oxidation  of  antimony 
w  ith  cuprous  ion  as  the  latter  is  oxidized  by  air  or  oxygen  pre¬ 
vious  to  the  bromate  titration.  Cupric  ion  does  not  catalyze  the 
oxidation  of  antimony  in  hydrochloric  acid  solution'  (17)  (see 
Tables  I  and  II). 


Table  I.  Co-Oxidation  of  Antimony  with  Copper 


No. 

Copper  Added 

Time  of 
Bubbling 

KBrCb  Used' 

Mg. 

Min. 

Ml. 

It 

0 

13.70 

26 

0 

13.73 

3 

5 

13.73 

4 

5 

13.71 

5 

30  Cu  +  + 

5 

13.70 

6 

60  Cu  +  + 

10 

13.73 

7 

120  Cu  +  + 

10 

13.74 

8 

60  Cu  + 

5 

13.62 

9 

120  Cu  + 

10 

13.40 

10 

120  Cu  + 

10 

13.46 

11 

120  Cu  + 

10 

13.45 

a  Exact  amount  of  Sb  in  aliquot  unknown. 
&  Solution  was  not  bubbled  with  oxygen. 
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Tabic  II.  Co-Oxidation  of  Antimony  with  Copper 


No. 

Copper  Added 

HC1  Added 

Antimony  Found' 

Mg. 

Ml. 

Mg. 

1* 

15 

1.0 

2  b 

120 

15 

1.0 

3  b 

50 

0.2 

4  b 

120 

50 

0.2 

5® 

15 

50.0 

6® 

15 

50.0 

7 

15 

50.1 

8  d 

15 

49.9 

9  d 

30 

15 

49.4 

104 

120 

15 

49.3 

11 

120 

15 

49.1 

12 

120 

15 

49.4 

13 

50 

50.1 

14 

50 

50.0 

15 

i20 

50 

50.0 

16 

120 

50 

49.9 

17 

120 

50 

50.0 

18  ® 

50 

50.0 

19® 

50 

50. 1 

20® 

30 

50 

49.2 

21® 

60 

50 

48.9 

0  Antimony  present,  50.0  mg. 

*  Blank  carried  through  entire  procedure. 

®  Samples  titrated  without  treatment  with  Na2SC>3. 

d  Antimony  titrated  with  0. 1  N  KBrC>3  just  before  treatment  with  NazSCb. 
®  10  ml.  of  HCl-Br2  solution  (100  ml.  of  HC1  +  12  ml.  of  Bn)  added  just 
efore  reduction  with  Na2S03.  H2SO3  (6%  solution)  used  in  place  of  water 
1  dilution  to  100  ml. 


From  the  foregoing  it  is  evident  that  it  should  be  possible  to  ob- 
lin  correct  results  for  antimony  in  the  Rowell  method  if  condi- 
ons  can  be  found  for  completely  reducing  antimony  with  sul- 
lrous  acid  without  reducing  the  copper.  It  appeared  that  this 
light  be  accomplished  by  complexing  the  copper  with  hydro- 
nloric  acid.  Experiments  showed  that  reduction  of  copper  with 
ilfurous  acid  is  very  slow  and  incomplete  in  a  strong  hydro- 
tiloric  acid  solution,  where  the  copper  may  exist  in  the  form  of 
implex  acids  {11).  The  small  amount  of  cuprous  ion  which  is 
roduced  induces  very  little  co-oxidation  of  antimony  during 
le  oxidation  of  the  former  with  oxygen  previous  to  the  bromate 
tration  (see  Table  II). 

Unfortunately,  however,  it  was  found  that  the  rate  of  reduc- 
011  of  pentavalent  antimony  with  sulfurous  acid  is,  like  that  of 
ipper,  very  slow  in  strong  hydrochloric  acid  solution.  Bro- 
uide  catalyzes  the  reaction  and  permits  rapid  quantitative  reduc- 
ion  of  antimony  in  strong  acid  solution,  but  appears  to  cata- 
,rze  the  reduction  of  copper  in  the  same  manner,  with  the  result 
nat  co-oxidation  of  the  antimony  takes  place  (see  Tables  III 
ad  IV). 


Table  III.  Reduction  of 

Antimony 

with  Sulfurous  Acid 

No. 

Oxidant  Used 

HC1  Added 

Antimony  Found0 

Ml. 

Mg. 

1 

KBr03 

15 

50.0 

2 

KMnOf 

15 

49.9 

3 

Br2 

15 

50. 1 

4 

KC103 

50 

14.3 

5 

KC103 

50 

13.6 

6  b 

KC103 

50 

8.0 

7® 

KC103 

50 

11.9 

8 

KMnOi 

50 

15.3 

9 

H2O2 

50 

9.2 

104 

Br2 

50 

46.0 

lid 

Br2 

50 

48.1 

12 

Br2 

50 

50.0 

13 

Br2 

50 

50. 1 

14 

Br2 

50 

49.9 

15* 

Br2 

50 

48.9 

0  Antimony  present,  50.0  mg. 

t  *  120  mg.  of  copper  as  CUSO4.5H2O  added  before  oxidant. 

||  ®  Only  about  95%  of  antimony  was  oxidized  with  bromate. 

I  d  After  addition  of  acid  excess  Br2  was  expelled  by  boiling  previous  to 
duction  with  sulfite. 


In  the  modified  Low  method  copper  catalyzes  the  oxidation  of 
itimony  and  arsenic  during  solution  of  the  sample  in  hot  sulfuric 
tid.  This  oxidation  does  not  appear  to  be  associated  with 
iprous  ion,  for  the  amount  of  oxidation  is  proportional  to  the 
me  of  heating  {17).  Recent  work  has  shown  that  the  amount 
oxidation  is  also  controlled  by  the  concentration  of  the  sul- 
iric  acid  used  in  the  solution  of  the  alloy.  Thus,  when  a  1-gram 


Table  IV. 

Determination  of  Antimony 
Rowell  Method 

in  Tin-Base  Alloys 

No. 

Sample 

Oxidant  Used 

Antimony  Found' 
% 

1 

54-b 

KCIO3 

6.08 

2 

54-b 

KCIO3 

6.20 

3  b 

54-b 

KClOs 

6.60 

4 

54-b 

Br2 

7.35 

5 

54-b 

Br2 

7.37 

6 

54-b 

Br2 

7.35 

7® 

54-b 

Br2 

7.33 

8 

54-a 

Br2 

7.24 

9 

54-a 

Br2 

7.22 

10 

54-a 

Br2 

7.22 

0  Certificate  value  for  54-a  =  7.32  and  for  54-b  =  7.39. 
b  100  rag.  of  KBr  added  just  before  reduction  with  sulfite. 
c  Solution  of  alloy  and  reduction  with  sulfite  performed  under  a  reflux 
condenser. 


Table  V.  Determination  of  Antimony  in  Tin-Base  Alloys  by 

Modified  Low  Method 

No. 

Sample 

Antimony  Found0 

Notes 

1 

54-a 

/o 

7.22 

Wet  flask 

2 

54-a 

7.26 

Wet  flask 

3 

54-a 

7.24 

Wet  flask 

4 

54-a 

7.28 

Acid  fumed 

5 

54-a 

7.28 

Acid  fumed 

6 

54-b 

7.32 

Wet  flask 

7 

54-b 

7.37 

Wet  flask 

8 

54-b 

7.35 

Dry  flask  but  acid  was  not  fumed 

9& 

54-b 

7.35 

Dry  flask  but  acid  was  not  fumed 

10* 

54-b 

7.36 

Dry  flask  but  acid  was  not  fumed 

11*,® 

54-b 

7.39 

Dry  flask  but  acid  was  not  fumed 

12 

54-b 

7.40 

Acid  fumed 

13 

54-b 

7.42 

Acid  fumed 

14 

54-b 

7.41 

Acid  fumed 

“  Certificate  value  for  54-a  =  7.32  and  54-b  =  7.39. 
b  1  gram  of  KBr  added  before  distillation  of  arsenic. 
c  Sample  treated  with  H2SO3  as  directed  in  Procedure. 


sample  of  tin-base  alloy  is  dissolved  in  10  ml.  of  ordinary  concen¬ 
trated  sulfuric  acid  to  which  a  few  drops  of  water  have  been 
added,  rapid  and  complete  solution  of  the  alloy  occurs  and 
catalyzed  oxidation  of  the  antimony  is  pronounced.  On  the 
other  hand,  if  the  sulfuric  acid  has  been  fumed  free  of  excess 
water  before  addition  of  the  sample,  dissolution  is  more  difficult 
and  may  even  be  somewhat  incomplete.  The  copper  is  pre¬ 
cipitated  as  the  anhydrous  sulfate  and  causes  little  or  no  oxida¬ 
tion  of  antimony  (see  Table  V). 

Because  of  the  difficulty  of  controlling  conditions  with  various 
types  of  alloys,  however,  it  does  not  appear  practical  to  use  a 
method  which  depends  upon  elimination  of  error  by  precipita¬ 
tion  of  the  copper  as  sulfate.  Instead,  it  should  be  better  to 
dissolve  in  the  presence  of  sufficient  water  to  ensure  complete 
dissolution  of  the  alloy  and  then  reduce  the  small  amount  of 
pentavalent  antimony  present. 

It  is  obvious  that  nothing  would  be  accomplished  by  attempt¬ 
ing  to  reduce  the  antimony  in  a  hot  sulfuric  acid  solution  with 
the  aid  of  the  usual  carbon  or  sulfur  compounds.  It  has  been 
found  that  the  reduction  can  be  accomplished  successfully  with 
sulfurous  acid  in  strong  hydrochloric  acid  solution  without 
appreciable  reduction  of  copper  (see  Table  VI).  Apparently 
the  reduction  of  very  small  amounts  of  antimony  is  complete 


Table  VI.  Determination  of  Antimony  in  Tin-Base  Alloys  by 
Proposed  Method 


No. 

Sample 

Antimony  Found' 
% 

1 

54-a 

7.34 

2 

54-a 

7.30 

3 

54-a 

7.33 

4 

54-a 

7.31 

5 

54-b 

7.41 

6 

54-b 

7.42 

7 

54-b 

7.43 

8* 

54-b 

7.42 

9* 

54-b 

7.41 

10* 

54-b 

7.41 

11* 

54-b 

7.43 

12*,® 

54-b 

7.41 

13® 

54-b 

7.41 

14  d 

54-b 

7.42 

a  Certificate  value  for  54-a  =  7.32  and  54-b  =  7.39. 
b  10  mg.  of  As  +  +  +  added  before  addition  of  H2SO3. 
c  1  ml.  of  water  added  with  H2SO4. 
d  100  rather  than  50  ml.  of  HC1  added. 
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under  conditions  where  highly  incomplete  reduction  is  obtained 
with  large  amounts  of  antimony  (see  Table  IV,  experiments  1 
to  3). 

From  the  above  it  would  appear  that  in  the  absence  of  bro¬ 
mide  it  might  be  possible  to  obtain  correct  results  in  the  Rowell 
method  by  reducing  first  in  dilute  acid  solution  and  then,  after 
oxidation  of  the  cuprous  ion,  repeating  the  reduction  in  strong 
hydrochloric  acid  solution. 

Reduction  of  Penta valent  Antimony  with  -  Sulfurous 
Acid.  The  rate  of  reduction  of  antimony  with  sulfurous  acid 
is  markedly  affected  by  the  acidity  of  the  solution.  Kurtenacker 
and  Fiirstenau  (8)  have  shown  that  the  optimum  acid  concen¬ 
tration  for  the  reduction  of  antimony  in  hydrochloric  acid  solu¬ 
tion  is  about  2  Ar.  The  rate  of  reduction  is  at  a  minimum  in 
(1  to  1)  hydrochloric  acid  and  complete  reduction  in  such  solu¬ 
tion  is  attained  only  by  repeated  treatments  with  sulfurous  acid 
(7).  Rohmer  (13,  14)  found  that  reduction  is  greatly  accelerated 
by  the  presence  of  bromide.  The  author  has  confirmed  this  and 
has  shown  that  rapid  and  complete  reduction  of  antimony  in 
strong  hydrochloric  acid  solution  can  be  attained  if  bromide 
is  present  (see  Table  III). 

It  appears  probable  that  pentavalent  antimony  chloride  can 
exist  in  strong  hydrochloric  acid  solution  in  the  form  of  Werner 
complex  acids  such  as  HSbCl6,  H2SbCl7,  and  HsSbCl8  (12).  With 
such  compounds  it  is  evident  that  reduction  of  the  antimony 
with  sulfurous  acid  will  be  difficult,  since  the  tendency  for  the 
antimony  to  accept  electrons  and  become  reduced  is  diminished 
because  the  chlorine  atoms  are  sharing  their  electrons  with  the 
antimony. 

When  bromide  is  added  to  the  solution  before  reduction  with 
sulfurous  acid  it  is  probable  that  there  is  an  intermediate  forma¬ 
tion  of  a  certain  amount  of  the  corresponding  complex  bromide 
acid.  This  should  be  less  stable  than  the  chloride  acid  because 
of  the  greater  size  of  the  bromine  atom,  and  hence  reduction  of 
the  antimony  should  be  easier. 

The  addition  of  bromide  should  be  avoided  wherever  possible — 
e.g.,  when  reducing  antimony  in  dilute  hydrochloric  acid  solu¬ 
tion — because  the  bromine  produced  in  the  subsequent  titra¬ 
tion  with  bromate  reacts  but  slowly  with  the  antimony  and  in¬ 
dicator,  and  the  blank  is  high  (see  Table  VII). 


Table  VII. 

Quantitative  Removal  of  Arsenic  by  Distillation 

Volume  after 

No.  Arsenic  Present 

H2SO3  Added 

Boiling 

KBrOa  Used 

Mg. 

Ml. 

Ml. 

Ml. 

i 

10 

50 

75 

0.20 

2 

1 

50 

75 

0.09 

3 

0 

50 

75 

0.04 

4 

10 

50 

65 

0.09 

5 

0 

50 

65 

0.02 

6 

0 

50 

65 

0.03 

7 

10 

25 

65 

0.04 

8 

10 

25 

65 

0.03 

9 

10 

25 

50 

0.03 

10 

0 

25 

50 

0.02 

ii 

0 

25 

65 

0.02 

12° 

0 

25 

65 

0.06 

13° 

0 

25 

50 

0.06 

146 

0 

25 

65 

8.22 

15*> 

0 

25 

65 

8.24 

16* 

10 

25 

65 

8.24 

17* 

10 

25 

65 

8.23 

1  gram  of  KJBr  added  just  before  titration. 

50  mg.  of  Sb 

+  +  +  added. 

Theoretical  titer,  8.20  ml. 

Expulsion  of  Arsenic.  Methods  such  as  that  described  in 
the  Procedure  are  empirical  in  the  sense  that  they  cannot  be 
used  indiscriminately  on  alloys  of  widely  varying  concentration 
of  antimony  and  arsenic.  Before  attempting  an  analysis  the 
analyst  should  assure  himself  that  suitable  conditions  of  acidity, 
concentration,  and  temperature  have  been  chosen  in  order  that 
complete  expulsion  of  arsenic  and  sulfurous  acid  can  be  obtained 
without  loss  of  antimony  by  volatilization. 

A  high  hydrochloric  acid  concentration  is  required  for  rapid 
quantitative  distillation  of  arsenic  trichloride  (see  Table  VII). 
Loss  of  antimony  by  volatilization  is  negligible  “if  the  distilla¬ 
tion  is  made  from  dilute  solutions  of  the  elements  and  the  tem¬ 
perature  of  the  vapor  is  held  under  108°  C.”  (5).  If  the  concen¬ 
tration  of  antimony  in  the  solution  is  too  great  some  loss  will 
occur  even  at  temperatures  below  108°  C. 

From  Tables  \  I  and  VII  it  is  seen  that,  under  the  conditions 
recommended  in  the  Procedure,  the  distillation  of  arsenic  is 
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complete  without  loss  of  antimony  on  alloys  of  the  type  of  Bure: 
of  Standards  tin-base  alloys  Nos.  54-a  and  54-b. 

EXPERIMENTAL 

Aliquot  portions  of  a  solution  of  antimony  trichloride,  ea< 
containing  about  75  mg.  of  antimony,  together  with  20  ml. 
hydrochloric  acid  and  20  ml.  of  (1  to  1)  sulfuric  acid  were  dilub 
to  300  ml.  with  boiling  water.  Measured  amounts  of  copp 
sulfate  or  cuprous  chloride  were  dissolved  in  the  solution,  a  rap 
stream  of  oxygen  was  bubbled  through  the  solution  for  5  or  : 
minutes,  and  the  antimony  was  titrated  with  standard  potassiu 
bromate  solution  (0.1  N).  The  results  are  recorded  in  Table  I. 

Aliquot  portions  of  a  solution,  each  containing  50  mg.  of  ant 
mony  as  antimony  trichloride,  5  ml.  of  hydrochloric  acid,  ar 
5  ml.  of  sulfuric  acid  were  treated  in  a  500-ml.  Erlenmeyer  fla: 
with  15  or  50  ml.  of  hydrochloric  acid  and  then  diluted  to  300  ( 
100  ml.,  respectively.  Measured  amounts  of  copper  in  the  fori 
of  copper  sulfate  were  added  and  the  solutions  were  then  heate 
to  60°  C.,  treated  with  2  grams  of  anhydrous  sodium  sulfit 
boiled  at  a  moderate  rate  for  10  minutes,  and  diluted,  bubblei 
and  titrated  as  directed  in  the  Procedure  (see  Table  II).  T1 
results  have  been  corrected  for  the  blanks  indicated. 

The  above  experiment  was  repeated,  oxidizing  the  antimoD 
with  a  slight  excess  of  various  oxidants  previous  to  the  additic 
of  the  hydrochloric  acid  (see  Table  III). 

One-gram  samples  of  Bureau  of  Standards  tin-base  samph 
54-a  and  54-b  (containing  about  7%  antimony,  0.05%  arseni 
3%  copper,  and  0.03%  iron)  were  transferred  into  500-m 
Erlenmeyer  flasks,  warmed  gently  (so  as  not  to  lose  too  muc 
acid)  with  50  ml.  of  hydrochloric  acid  until  most  of  the  samp 
had  dissolved,  and  finally  dissolved  completely  by  the  addition  < 
small  portions  of  potassium  chlorate  or  by  adding  10  ml.  < 
hydrochloric  acid-bromine  mixture  (12  ml.  of  bromine  dissolve 
in  100  ml.  of  hydrochloric  acid).  Sufficient  bromine  or  chloral 
was  added  to  oxidize  all  the  tin  and  copper.  The  samples  wei 
then  cooled  to  50°  C.,  and  treated  with  35  ml.  of  sulfurous  aci 
(6%)  and  2  grams  of  anhydrous  sodium  sulfite,  and  the  antimon 
was  then  reduced  and  titrated  as  directed  in  the  Procedure.  Th 
certificate  values  for  antimony  are  7.32%  for  sample  54-a  an 
7.39%  for  54-b  (see  Table  IV).  The  values  given  have  been  coi 
rected  for  a  blank  of  0.02  ml.  of  0.1  N  potassium  bromate  for  th 
samples  oxidized  with  chlorate  and  0.06  ml.  for  those  oxidize 
with  bromine. 

Samples  54-a  and  54-b  were  analyzed  as  directed  in  the  Prc 
cedure,  adding  water  rather  than  sulfurous  acid  previous  to  th 
distillation  of  the  arsenic.  Some  of  the  samples  were  dissolve 
in  10  ml.  of  sulfuric  acid  containing  small  amounts  of  watei 
With  others,  the  10  ml.  of  sulfuric  acid  were  heated  in  a  500-m 
Erlenmeyer  flask  to  copious  white  fumes  to  expel  all  water,  an 
cooled  nearly  to  room  temperature  before  addition  of  the  sampl 
(see  Table  V).  The  values  shown  have  been  corrected  for 
blank  of  0.02  ml.  of  0. 1  V  potassium  bromate. 

Samples  54-a  and  54-b  were  analyzed  as  directed  in  the  Pro 
cedure  (see  Table  VI).  The  values  recorded  have  been  cor 
rected  for  a  blank  of  0.02  ml.  of  0.1  N  potassium  bromate. 

Known  amounts  of  antimony  and  arsenic  as  trichloride  togethe 
with  10  ml.  of  sulfuric  acid,  50  ml.  of  hydrochloric  acid,  and  2, 
or  50  ml.  of  sulfurous  acid  were  boiled  down  to  50,  65,  or  75  ml.  in ; 
500-ml.  Erlenmeyer  flask.  The  samples  were  then  diluted,  bub 
bled,  and  titrated  as  directed  in  the  Procedure  (see  Table  VII). 

SUMMARY 

In  the  modified  Low  or  Rowell  methods  for  the  determinatioi 
of  antimony  in  tin-base  alloys  low  results  are  obtained  in  thi 
presence  of  copper  due  to  catalyzed  oxidation  of  antimony  dur 
ing  solution  of  the  sample  in  hot  sulfuric  acid  (modified  Low 
method),  or  to  co-oxidation  of  antimony  with  cuprous  ion  a- 
the  latter  is  oxidized  just  before  the  bromate  titration  (Rowel 
method). 

Attempts  to  eliminate  the  low  results  in  the  Rowell  method 
by  selective  reduction  of  antimony  with  sulfurous  acid  have 
failed.  Suitable  conditions  for  quantitative  reduction  of  anti¬ 
mony  without  appreciable  reduction  of  copper  could  not  be 
found. 

The  low  results  can  be  eliminated  in  the  modified  Low  method 
by  reducing  the  small  amount  of  pentavalent  antimony  in  strong 
hydrochloric  acid  solution  with  sulfurous  acid  previous  to  the 
titration.  Under  controlled  conditions  it  is  possible  to  reduce 
completely  the  small  amount  of  pentavalent  antimony  without 
reducing  sufficient  copper  to  cause  co-oxidation  of  antimony. 
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!  Alternately,  the  deleterious  effect  of  copper  can  sometimes  be 
iminated  to  a  large  extent  in  the  modified  Low  method  by  dis- 
Iving  the  sample  in  prefumed  sulfuric  acid,  whereupon  the 
>pper  precipitates  as  the  anhydrous  sulfate  in  which  form  it  is 
innless. 

Reduction  of  antimony,  arsenic,  and  copper  with  sulfurous 
:id  in  strong  hydrochloric  acid  solution  is  slow,  owing  to  com- 
ex  formation,  but  is  greatly  accelerated  by  the  addition  of 
•omide. 
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Rapid  Method  for  Estimation  of  Penicillin 

ANDRES  GOTH1  AND  MILTON  T.  BUSH,  Vanderbilt  University  School  of  Medicine,  Nashville,  Tenn. 


A  rapid  method  for  the  estimation  of  penicillin  is  based  on  the 
servation  that  penicillin  inhibits  the  production  of  nitrite  in 
tphylococcus  aureus  cultures.  The  test  can  be  carried  out  in  60  to 
minutes.  The  accuracy  is  greater  than  that  of  a  standard  serial 
ution  method. 

'HE  commonly  used  methods  for  the  estimation  of  penicillin 
are  based  on  its  inhibition  of  the  multiplication  of  a  test 
;anism,  usually  Staphylococcus  aureus.  With  the  thought  that 
tead  of  observation  of  the  multiplication  of  cells,  metabolic 
icesses  of  these  cells  could  serve  for  the  estimation  of  antibiotic 
^stances,  the  authors  investigated  the  production  of  nitrite 
m  nitrate  by  actively  growing  Staphylococcus  aureus  cultures 
i  found  that  this  metabolic  property  would  lend  itself  to  the 
termination  of  penicillin.  Since  nitrite  production  manifests 
jlf  rapidly  in  an  actively  growing  culture,  penicillin  could  be 
imated  by  this  method  in  a  little  over  an  hour. 

The  method  is  based  on  the  following  facts: 

Actively  growing  Staphylococcus  aureus  cultures  produce  nitrite 
m  nitrate  (Table  I). 

W'  hen  penicillin  is  added  to  such  a  culture  the  authors  have  ob- 
ived  a  gradual  decrease  in  nitrite  production,  probably  as  a  re- 
it  of  inhibition  of  multiplication.  Within  limits  the  decrease 
i  nitrite  production  is  a  function  of  the  concentration  of  peni- 
in  (Figure  1). 

The  amount  of  nitrite  produced  can  be  determined  by  a  colori- 
Itric  method. 

The  sensitivity  of  the  test  depends  on  the  heaviness  of  the 
culum.  The  more  concentrated  the  Staphylococcus  suspen- 

Present  address,  Southwestern  Medical  College,  Dallas,  Texas. 


sion,  the  more  penicillin  is  required  to  produce  a  definite  de¬ 
crease  in  the  production  of  nitrite.  A  1  to  4  suspension  of  a 
24-hour  culture  was  found  satisfactory  for  carrying  out  the  test 
in  60  to  90  minutes.  In  5-cc.  amounts  of  this  bacterial  suspension, 
0.5  Oxford  unit  of  penicillin  will  produce  a  definite  decrease  in  the 
production  of  nitrite.  The  sensitivity  of  the  test  can  be  increased 
considerably  by  reducing  the  inoculum ;  however,  there  is  a  cor¬ 
responding  increase  of  the  lag  phase  in  the  nitrite  production 
and  consequently  a  longer  time  is  required  for  carrying  out  the 
test. 


Figure  1.  Effect  of  Penicillin  on  Nitrite 
Production  by  Staphylococcus  aureus 


“le  I.  Reduction  of  Nitrate  to  Nitrite  by  Suspensions  of  a  24- 
Hour  Staphylococcus  aureus  Culture 

Nitrite  Produced 
(Expressed  as  Sodium  Nitrite) 

ution  of  Culture  60  minutes  75  minutes  90  minutes 

- Mg.  per  100  cc. - . 

4.3  9.5  21.6 

4.6  10.1  22.4 

2.8  6.9  18.0 

2.8  6.8  18.0 

1.9  4.3  8.6 

1.9  4.0  8.2 


1:4 

1:4 

1:5 

1:5 

1:6 

1:6 


" 


A  standard  solution  of  calcium  penicillin  is  tested  together 
with  the  unknowns  and  in  this  manner  the  anti-Staphylococcus 
activity  of  the  unknowns  can  be  expressed  in  Oxford  units.  The 
standard  sample  of  calcium  penicillin  containing  135  Oxford 
units  per  mg.  was  obtained  from  the  Northern  Regional  Re¬ 
search  Laboratories,  U.  S.  Department  of  Agriculture,  Peoria, 
Ill. 

The  microorganism  used  in  these  experiments  was  a  Staphylo~ 
coccus  aureus  strain  isolated  from  a  human  septicemia.  The 
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authors  have  also  used  strain  No.  313  of  the  Northern  Regional 
Research  Laboratories,  U.  S.  Department  of  Agriculture,  and 
the  H  strain  from  the  Research  Laboratories  of  Merck  and  Co. 
All  were  satisfactory  for  carrying  out  the  procedure. 

EXPERIMENTAL 

The  test  strain  of  Staphylococcus  aureus  is  grown  for  24  hours 
on  medium  No.  1,  which  contains  2%  Difco  peptone,  and  0.6% 
sodium  chloride  U.S.P.  This  24-hour  culture  is  added  to  ice- 
cold  medium  No.  2  to  make  a  1  to  4  suspension.  Medium  No.  2 
contains  2%  Difco  peptone,  0.6%  sodium  chloride  U.S.P.,  0.020% 
sodium  nitrate,  reagent  quality,  and  0.05%  p-aminobenzoic  acid 
Eastman. 

The  Staphylococcus  suspension  is  plunged  into  ice  water  and 
after  swirling  is  left  on  ice  for  10  to  15  minutes.  In  the  meantime 
the  standard  solution  of  penicillin  and  the  unknowns  are  diluted 
with  0.05  molar  sodium  phosphate  buffer  to  contain  approxi¬ 
mately  0.5  to  1.5  Oxford  units  per  cc.  One  cubic  centimeter  of 
•each  solution  is  pipetted  into  50-cc.  Erlenmeyer  flasks  in  dupli¬ 
cate,  and  1  cc.  of  buffer  is  pipetted  into  each  of  3  control  flasks. 

The  phosphate  buffer  is  prepared  by  mixing  equal  volumes  of 
0.05  molar  mono-  and  dibasic  sodium  phosphate  solutions. 

Five  cubic  centimeters  of  the  ice-cold  Staphylococcus  suspen¬ 
sion  are  pipetted  into  each  flask.  After  moderate  shaking  the 
flasks  are  placed  in  a  constant-temperature  water  bath  at  37°  C. 
After  60  to  90  minutes  one  control  flask  is  removed  for  the  deter¬ 
mination  of  nitrite.  If  the  concentration  of  sodium  nitrite  is 
between  5  and  8  mg.  per  100  cc.  in  the  control,  all  the  flasks  are 
removed  from  the  water  bath,  shaken,  and  immediately  cooled 
in  ice  water.  The  concentration  of  nitrite  is  then  determined. 
For  the  sake  of  uniform  treatment  all  flasks  are  kept  in  a  wire 
basket  and  are  shaken  simultaneously. 

DETERMINATION  OF  NITRITE 

The  determination  of  nitrite  is  based  on  a  method  described 
by  Shinn  (2)  with  the  modification  that  p-aminobenzoic  acid  in¬ 
stead  of  sulfanilamide  is  used  as  a  primary  standard. 

The  solution  to  be  tested  (0.5  cc.)  is  pipetted  into  a  test  tube, 
and  5  cc.  of  distilled  water  and  1  cc.  of  15%  trichloroacetic  acid 
solution  are  added.  The  tubes  are  shaken  and  after  3  minutes 
0.5  cc.  of  a  0.1%  solution  of  ./V-(l-naphthyl)-ethylenediamine 
dihydrochloride  is  added.  The  color  which  develops  reaches  its 
maximum  intensity  in  3  minutes.  Then  3  cc.  of  distilled  water 
are  added  and  the  intensity  of  the  dye  is  determined  using  a 
photoelectric  colorimeter.  A  Cenco  green  filter  No.  525  P  was 
used  in  all  determinations.  Since  an  excess  of  p-aminobenzoic 
acid  is  present  in  the  medium,  the  intensity  of  the  colon  depends 
on  the  concentration  of  nitrite  present.  The  concentration  of 
diazotized  p-aminobenzoic  acid  is  determined  from  a  calibration 
curve  made  in  the  following  manner:  Standard  solutions  of  p- 
aminobenzoic  acid  containing  0.5,  1,  2,  5,  and  10  mg.  per  100  cc. 
are  prepared,  0.5-ce.  portions  of  each  solution  are  pipetted  into  test 
tubes,  and  the  following  solutions  are  added:  5  cc.  of  distilled 
water,  1  cc.  of  a  15%  trichloroacetic  acid  solution,  and  0.5  cc.  of 
a  0.1%  sodium  nitrite  solution.  The  tubes  are  shaken.  After 
3  minutes  0.5  cc.  of  a  0.5%  ammonium  sulfamate  solution  is 
added,  2  minutes  later  0.5  cc.  of  a  0.1%  JV-(l-naphthyl)-ethylene- 
diamine  dihydrochloride  solution  is  added,  3  cc.  of  distilled  water 
are  pipetted  into  each  tube,  and  readings  are  made  in  a  photo¬ 
electric  colorimeter. 

To  obtain  the  concentration  of  sodium  nitrite  in  the  cultures; 
the  values  for  p-aminobenzoic  acid  are  multiplied  by  the  factor 
0.50,  which  represents  the  ratio  between  the  molecular  weights  of 
sodium  nitrite  and  p-aminobenzoic  acid. 

Once  the  concentration  of  sodium  nitrite  is  determined  in  all 
cultures,  the  controls  and  the  solutions  which  contain  0.5,  1, 
and  1.5  Oxford  units  will  give  a  standard  curve  (see  Figure  1) 
from  which  the  concentration  of  penicillin  in  the  unknown  solu¬ 
tions  can  be  read  in  Oxford  units. 

Although  the  solutions  tested  in  general  penicillin  work  are  not 
likely  to  contain  nitrite,  it  is  well  to  carry  out  a  rapid  qualitative 
test  for  nitrite  in  all  solutions  in  which  contamination  with  ni¬ 
trite  is  suspected. 

The  main  advantage  of  the  method  presented  lies  in  the  fact 
that  it  can  be  carried  out  more  rapidly  than  other  methods  used 
at  present.  Owing  to  the  short  incubation  the  solutions  to  be 


tested  do  not  need  to  be  passed  through  a  bacteria  filter.  T 
principle  on  which  this  method  is  based  could  be  used  for  the  ( 
timation  of  other  antibiotic  substances  which  inhibit  the  grow 
of  Staphylococcus  aureus.  The  authors  found  it  applicable  f 
the  determination  of  flavicin  ( 1 ). 

The  accuracy  of  the  method  is  very  satisfactory  if  all  cultui 
receive  the  same  treatment,  especially  as  regards  temperatu 
and  time.  In  a  typical  experiment  the  nitrite  production  w 
measured  in  20  cultures  without  penicillin  and  in  20  wrhich  co 
tained  1  Oxford  unit  of  penicillin  per  6  cc.  After  80  minutes,  t 
mean  concentration  of  sodium  nitrite  in  the  first  series  was  { 
mg.  per  100  cc.  wdth  a  coefficient  of  variation  of  3.4%.  in  t 
second  group  it  was  2.5  mg.  per  100  cc.  with  a  coefficient  of  vari 
tion  of  1.5%. 


Table  II.  Comparison  of  Nitrite  and  Serial  Dilution  Assays 
Standard  Calcium  Penicillin 

Dilution  Assay 


Nitrite  Assay 

Standard 

Added 

Found 

solution 

Found 

Oxford  units 

Oxford  units 

Dilution  units 

Oxford  units 

per  cc. 

per  cc. 

1 

0.85 

1.33 

18.5 

1 

1.0 

1.33 

18.5 

1 

1.0 

1.33 

18.5 

1 

0.9 

1.33 

18.5 

1 

0.95 

1.33 

23.5 

1 

0.95 

1.33 

23.5 

1 

1.0 

1.33 

23.5 

1 

1.1 

1.33 

23.5 

1 

1.05 

1.33 

23.5 

1 

1.0 

1.33 

23.5 

1 

0.95 

1.33 

23.5 

1 

1 .  1 

1.33 

23.5 

1 

0.95 

1.33 

23.5 

1 

0.95 

1.33 

23.5 

1 

1.15 

1.33 

<25.0 

1 

1.15 

Mean  1.33 

22.7 

1 

1.10 

1 

1.0 

1 

1.05 

1 

1.10 

Mean  1 

1.015 

COMPARISON  OF  NITRITE  AND  SERIAL  DILUTION  ASSAY 

Twenty  “nitrite”  assays  and  15  dilution  assays  were  carried  o 
on  the  standard  calcium  penicillin  solution  in  order  to  compa 
the  variation  of  the  two  methods.  For  the  dilution  assay  a  sol 
tion  of  the  standard  calcium  penicillin  was  made  up  to  conta 
1.33  Oxford  units  per  cc.,  and  was  sterilized  by  passing  it  throu| 
a  glass  bacteria  filter.  This  solution  wras  pipetted  into  graduate 
tubes  containing  5  cc.  of  Difco  broth.  The  final  dilutions  we 
1  to  16,  1  to  21,  and  1  to  26.  The  tubes  were  inoculated  wri 
0.1  cc.  of  a  1  to  250  dilution  of  a  24-hour  Staphylococcus  aure 
culture.  Readings  wrere  made  after  24  hours’  incubation  and  tl 
mean  value  of  the  greatest  dilution  at  which  no  bacterial  grow 
occurred,  and  the  lowest  dilution  at  which  the  bacteria  produce 
visible  growth  wras  arbitrarily  considered  as  the  number  of  dil 
tion  units  per  cc.  (Table  II). 

For  the  nitrite  assay  0.2  cc.  of  a  standard  calcium  penicill 
solution  containing  5  Oxford  units  per  cc.  wras  pipetted  into  eae 
of  20  Erlenmeyer  flasks  and  the  test  vras  carried  out  as  describe 
above.  The  concentration  of  nitrite  was  determined  in  80  mi 
utes  and  the  number  of  Oxford  units  were  read  from  the  standai 
curve.  The  results  are  shown  in  Table  II. 

The  mean  for  the  nitrite  assay  was  1.015  Oxford  units  with 
coefficient  of  variation  of  8.5%,  and  for  the  dilution  assays  w; 
22.7  dilution  units  w'ith  a  coefficient  of  variation  of  >  24.0( 
It  is  obvious  that  the  variability  w'as  greater  in  the  dilution  assa 
than  in  the  nitrite  assay. 
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Determination  of  Freon-Insoluble  Solids  in 
Twenty  Per  Cent  Pyrethrum  Extracts 

HERMAN  WACHS,  CHARLES  MORRIELLO,  and  STEPHEN  MAGES 
Research  Department,  Dodge  and  Olcott  Co.,  Bayonne,  N.  J. 


i  test  tube  is  described  which  permits  quick  determinations  of  the 
lubility  of  pyrethrum  extracts  in  Freon.  This  tube  may  be  used 
nerally  for  solubility  determinations  under  pressure  in  solvents 
<ich  are  gases  under  normal  pressures. 

'HE  bulk  of  the  pyrethrum  flowers  now  imported  into  this 
country  is  processed  into  extracts  containing  20%  pyrethrins. 
lese  extracts,  after  addition  of  sesame  oil,  are  dissolved  in 
con  12  and  thus  form  the  basis  of  the  aerosol  insecticide  sprays 
.  While  the  pyrethrins  themselves  are  perfectly  soluble  in 
con,  20%  pyrethrum  extracts  will  vary  in  solubility,  depending 
the  degree  to  which  natural  impurities  insoluble  in  Freon  have 
in  removed  and  on  the  care  exercised  to  avoid  formation  of 
rethrin  polymerization  products.  Such  products  when  as- 
red  for  pyrethrin  content  by  the  A.O.A.C.  or  Seil  method  may 
>w  a  pyrethrin  content  as  high  as  50%,  but  when  tested 
linst  insects,  they  are  practically  inactive.  These  polymeriza- 
n  products  are  insoluble  in  Freon.  An  extract  containing  a 
?e  proportion  of  insolubles  therefore  has  less  active  pyrethrins 
lilable  than  the  assay  indicates. 

This  consideration  and  the  obvious  difficulties  of  handling  a 
7c  pyrethrum  extract  which  contains  a  considerable  portion 
insoluble  solids  make 
irable  a  quick  Iabora- 
y  method  for  deter- 
ling  the  percentage  of 
ion-insoluble  solids, 
is  laboratory  has 
•ked  out  a  test  proce- 
re  which  gives  suf- 
intly  reproducible  re- 
;s  to  serve  as  a  basis 
judging  pyrethrum  ex¬ 
its. 

'he  equipment,  shown 
figure  1,  is  simple  and 
y  be  quickly  assembled, 
ample  of  20%  extract 
eighed  into  a  glass  test 
e,  Freon  is  added,  the 
e  is  centrifuged  to 
igulate  suspended 
ns,  the  insolubles  are 
■red  through  a  felt  pad, 
tube  is  washed  several 
es  with  Freon,  and  the 
lissolved  portion  is 
?hed. 

'est  Tube.  M  is  a 
al  tube  (Scientific 
ss  Co.,  Catalog  No. 

3)  designed  to  hold 
nl. -centrifuge  tubes, 
ough  M  two  slots,  N, 
e  been  cut  on  opposite 
s  to  make  the  contents 
:ube  J  visible.  J  is  a 
ex  tube  of  2-mm.  wall 
kness  and  an  outside 
neter  of  29  mm.  which 
into  M  without  too 
h  play.  It  is  92  mm. 

;  and  rests  in  the  metal 
eld  on  the  rubber 


Table  I.  Freon-Insolubles  in  20%  Pyrethrum  Extract 


Sample 

Insol¬ 

Sample 

Insol¬ 

No. 

ubles 

Deviation 

No. 

ubles 

Deviation 

% 

% 

% 

% 

1 

5.61 

0.31 

15 

1.98 

0.05 

5.30 

2.03 

2 

3.25 

0.21 

16 

1.89 

0.02 

3.46 

1.87 

3 

4.44 

0.06 

17 

0.47 

0.01 

4.38 

0.46 

4 

3.50 

0.03 

18 

2.22 

0.09 

3.47 

2.31 

5 

4.14 

0.11 

19 

0.34 

0.01 

4.03 

0.33 

6 

3.09 

0.01 

20 

3 . 54 

0.12 

3.08 

3.42 

7 

2.20 

0.04 

21 

2.54 

0.10 

2.16 

2.44 

8 

1.05 

0.04 

22 

2.68 

0.00 

1.09 

2.68 

9 

3.18 

0.00 

23 

2.49 

0.09 

3.18 

2.40 

10 

3.38 

0.31 

24 

0.84 

0.05 

3.07 

0.82 

11 

1.21 

0.11 

0.87 

1.33 

0.82 

12 

1.96 

0.09 

25 

0.76 

2.05 

0.87 

0.11 

0.78 

13 

2.09 

0.31 

26 

1.54 

0.17 

2.40 

1.37 

14 

2.07 

0.25 

27 

39.81 

0.84 

1.82 

40.65 

cushion,  O.  77  is  a  perforated  metal  screen  which  serves  as  a 
seat  for  a  white  felt  pad,  G,  about  2  mm.  thick  and  a  piece  of 
filter  paper,  F,  which  is  placed  on  top  of  the  felt.  H  is  soldered 
to  the  metal  wire  stand,  7.  The  felt  and  the  filter  paper  are  cut 
with  a  cork  borer  to  fit  tightly  into  J.  E  is  a  perforated  metal 
screen  placed  on  the  filter  paper.  The  height  of  I  is  such  that 
E  is  just  below  the  top  of  J,  when  7  rests  on  the  bottom  of  the 
glass  test  tube. 

L  is  a  brass  flange  with  4  threaded  holes,  held  in  place  by  the 
collar,  K,  of  tube  M.  The  top  flange,  B,  is  countersunk  to  hold 
a  neoprene  washer,  C.  A  is  an  air  valve,  of  the  type  used  on 
automobile  tires,  soldered  into  the  center  of  the  top  flange. 

Operating  Procedure.  Approximately  1.8  cc.  of  the  sample 
to  be  tested  are  weighed  into  the  empty  test  tube  J.  The  tube 
is  placed  in  shell  M  and  7  is  brought  into  the  test  tube,  followed 
by  the  felt,  the  paper  filter,  finally  plate  E,  and  the  top  and  bot¬ 
tom  flanges  are  screwed  together. 

Thirty  grams  of  Freon  are  charged  into  the  test  tube  out  of  a 
Freon  cylinder  which  is  turned  upside  down  and  has  a  pressure 
hose  connected  to  the  outlet.  This  hose  is  closed  by  a  self-closing 
valve  such  as  are  used  by  gasoline  stations  for  putting  air  in  tires. 
By  pressing  valve  A  against  the  valve  in  the  hose,  Freon  is  re¬ 
leased  into  the  test  tube.  M  may  be  marked  to  indicate  the 
height  of  liquid  corresponding  to  30  grams  of  Freon. 

The  test  tube  assembly  is  now  placed  in  a  beaker  of  water  at 
25  °  C.  and  kept  there  for  about  5  minutes,  turned  up  and  down  a 
few  times  to  ensure  proper  solution,  then  centrifuged  for  5  minutes 
in  a  clinical  type  of  centrifuge.  Now  the  tube  is  turned  upside 
down  and  the  Freon  solution  discharged  by  slowly  pressing  on  A. 
Thirty  grams  of  Freon  are  charged  into  the  tube  again  and  the 
procedure  is  repeated:  bringing  to  25°  C.,  centrifuging,  and  dis¬ 
charging. 

One  or  two  additional  washes  with  20  grams  of  Freon  may  be 
required  to  make  sure  that  all  the  soluble  material  is  removed. 
No  centrifuging  is  necessary  for  these  washes.  If  the  first  wash 
liquor  is  colorless,  the  second  wash  is  not  necessary.  Additional 
washes  do  not  affect  the  final  result. 

After  the  last  Freon  wash  has  been  discharged  from  the  test 
tube,  the  tube  is  opened.  Filter  paper  F  is  removed  from  the 
test  tube,  held  with  forceps,  and  any  solid  adhering  to  it  is  washed 
with  benzene  with  the  aid  of  a  capillary  pipet  with  rubber  bulb 
into  a  tared  crystallizing  dish  75  mm.  in  diameter.  This  filter 
paper  will  usually  be  found  to  be  clean.  The  felt  is  now  removed 
from  the  test  tube,  held  with  the  forceps,  and  washed  with  ben- 


Figure  1.  Equipment 
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zene  into  the  same  crystallizing  dish.  /  and  the  test  tube  itself 
are  also  washed  out  with  benzene  into  the  crystallizing  dish. 
The  Freon-insoluble  solids  are  very  readily  soluble  in  benzene. 
The  benzene  solution  is  evaporated  on  a  steam  bath,  the  residue 
is  placed  for  20  minutes  in  a  drying  oven  at  about  90  °  to  100  °  C., 
and  the  dish  is  weighed: 


Weight  of  residue 
Weight  of  sample 


X  100  =  %  Freon-insoluble  solids 


which  range  from  0.33  to  5.61  insoluble  appears  to  be  ±0.10 
The  duplicate  determinations  on  sample  27  also  show  good  agr 
ment. 

While  this  procedure  was  worked  out  for  determining  the  so 
bility  of  pyrethrum  extracts  in  Freon,  it  can  be  used  for  solubil 
determinations  of  other  substances  in  solvents  which  are  ga: 
under  normal  pressures. 


The  ability  to  reproduce  results  is  shown  in  Table  I.  The 
standard  error  of  the  mean  of  two  duplicates  of  the  first  26  samples 
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Simple  Constant  Reflux  Take-Off  for  Distillation  Systems 
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IN  LABORATORY  fractional  distillation  it  is  often  necessary 
to  control  the  reflux  ratio  so  that  it  is  kept  constant,  regard¬ 
less  of  variations  in  the  distillation  rate  or  empirical  factors. 
This  has  been  accomplished  by  Carter  and  Johnson  ( 2 )  with  a 
magnetically  moved  funnel,  by  Bruun  ( 1 )  with  a  two-way  valve 
and  capillaries,  and  by  Podbielniak  (3)  with  an  automatic  valve 
seated  in  the  take-off  tube.  All  these  devices  require  a  degree  of 
skill  too  great  for  fabrication  by  an  amateur  glass  blower,  and 
various  mechanical  difficulties  have  been  experienced  in  their 
operation,  due  to  sticking  of  moving  parts  or  plugging  of  capil¬ 
laries.  An  easily  constructed  take-off  device  of  the  intermittent 
type  which  operates  smoothly  is  described  in  this  paper. 

CONSTRUCTION  AND  OPERATION 

The  take-off  is  designed  for  use  with  any  type  of  total  condens¬ 
ing  head  in  which  the  entire  condensate  stream  passes  a  point  on 
its  return  to  the  column  (see  Figure  1).  The  receiver  is  main¬ 
tained  under  a  slight  pressure  sufficient  to  prevent  the  flow  of 
liquid  from  the  still  head  through  the  U-shaped  tube  into  the  re¬ 
ceiver.  A  small  steady  stream  of  inert  gas  passing  through  the 
nonvolatile  oil  in  the  bubbler  supplies  this  pressure.  Periodically, 
the  receiver  is  vented  to  the  operating  pressure  of  the  still  through 
an  electrically  operated  valve  controlled  by  a  cycle  timer.  Dur¬ 
ing  this  period  the  entire  condensate  flows  by  gravity  to  the  re¬ 
ceiver,  by  the  mechanism  shown  in  Figure  2. 

While  the  receiver  is  under  pressure,  the  liquid  in  the  take-off 
capillary  is  maintained  at  levels  A,  A'.  When  the  pressure  is 
released,  the  liquid  flows  to  levels  B,  B',  which  are  just  at  the 
overflow  point.  Consequently,  all  reflux  during  the  “on”  period 
enters  the  take-off  at  A  and  an  equal  amount  of  liquid  overflows 
at  B'  into  the  receiver.  At  the  end  of  the  “on”  interval  (gener¬ 
ally  from  2  to  5  seconds),  the  valve  closes  and  restoration  of  the 
receiver  to  pressure  quickly  interrupts  the  take-off  stream.  For 


TO  ADDITIONAL  STILLS 

|  J  TO  ATMOSPHERE 


convenience  in'emptying  the  receiver,  the  take-off  line  is  general 
provided  with  a  stopcock  to  prevent  the  flow  during  this  perio 
However,  if  it  is  desired  to  keep  the  product  from  coming  in 
contact  with  stopcock  grease,  and  if  low-boiling  componen 
which  will  vaporize  in  the  take-off  line  at  the  outset  of  the  di 
filiation  are  absent,  this  stopcock  and  the  one  on  the  receiver  m£ 
be  omitted. 

The  dimensions  of  the  take-off  line  depend  mainly  upon  tl 
throughput  of  the  still,  but  are  not  critical.  The  diameter  mu: 
be  sufficient' to  accommodate  the  entire  distillate  during  the  tak 
off  period.  A  convenient  length  for  Ah,  which  indicates  the  pre: 
sure  head  that  is  maintained  by  the  bubbler,  is  from  0.5  to  3  cn 

The  following  advantages  have  been  noted: 

Simplicity  of  construction,  operation,  and  adjustment. 

The  take-off  maintains  a  constant  reflux  ratio,  irrespective  r 
distillation  rate,  which  is  predetermined  by  simple  adjustment  c 
the  intervals  of  an  on-and-off  timer. 

Low  cost.  No  delicate  moving  parts  in  the  still  head.  Ver; 
low  holdup. 

Distillations  may  be  conducted  out  of  contact  with  anythin 
save  glass  and  an  inert  gas.  The  method  is  adaptable  to  distilla 
tion  at  other  than  atmospheric  pressure.  Several  stills  may  b 
operated  with  the  same  control  system. 
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in  Magnesium  Metal 

THOMAS  WHITEHEAD,  JR.,  and  ALBERT  J.  BOYLE 
Technical  Service  Laboratories,  Basic  Magnesium,  Incorporated,  Las  Vegas,  Nevada 


successful  spectrographic  procedure  is  described  for  the  deter- 
lation  of  low  percentage  calcium  in  magnesium  metal  using  high- 
tage  spark  excitation.  Calcium  is  determined  in  amounts  ranging 
m  0.0005  to  0.1%.  Extrapolation  of  curves  obtained  by  a 
cium  addition  method  gave  results  from  which  are  established 
rking  curves  for  the  direct  spectrographic  analysis  of  metallic 
gnesium. 

10  SATISFACTORY  chemical  method  for  the  estimation  of 
(  as  little  as  0.01%  of  calcium  in  magnesium  metal  has  been 
nd  by  this  laboratory.  The  method  of  Nikitina  (5),  in  which 
:  magnesium  metal  sample  is  converted  to  metal  chlorides  and 
isequently  ignited  to  the  respective  metal  oxides,  is  unreliable 
ess  more  than  0.1%  of  calcium  is  present. 

The  spectrographic  method  described  herein  involves  measuring 
relative  intensities  of  the  spectral  lines  of  calcium  and  magne- 
m.  Subsequent  extrapolation  of  relative  intensity  ratios  ob- 
led  by  adding  known  amounts  of  calcium  to  magnesium 
rate  solutions  makes  possible  the  estimation  of  low  calcium 
nagnesium  alloys. 

Tendering  magnesium  salts  calcium-free  is  most  difficult, 
.gnesium  nitrate  recrystallized  several  times  from  nitric  acid 
ution  shows  the  greatest  promise;  nevertheless,  a  small 
,ount  of  calcium  still  remains  in  the  salt.  Hughes  (4)  discusses 
ieral  methods  of  purification  of  base  compounds  especially 
)licable  to  spectrographic  standards.  Duffendack  and  Wolfe 
and  Cholak  and  Story  (1)  determine  tne  amount  of  residual 
Durities  present  by  observing  differences  between  points  on  the 
ved  portion  of  the  analytical  or  working  curve  and  the  extra¬ 
cted  straight-line  portion  at  the  lower  percentage  values  of  the 
t  material.  Pierce  and  Nachtrieb  (6)  discuss  the  estimation  of 
iduum  elements  and  make  comprehensive  comparisons  of 
thods  of  photometry  used  in  most  spectrographic  analytical 
rk. 

i’ilm  calibration  for  the  method  herein  described  is  made  by 
ag  the  logarithmic  stepped  sector  in  a  manner  similar  to  that 
cribed  by  Hasler  ( 3 ). 

PROCEDURE 

Three  1-gram  samples  of  magnesium  metal  from  the  same  re¬ 
try  heat  are  dissolved  in  20  ml.  of  1  to  1  nitric  acid  and  diluted 
approximately  100  ml.  with  distilled  water.  Sufficient  stand- 
calcium  sulfate  solution  is  added  to  the  first  two  samples  to 
be  the  calcium  contents  0.001  and  0.002%  with  respect  to  mag- 
ium.  No  calcium  is  added  to  the  third  sample. 

This  same  procedure  is  carried  out  for  a  series  of  five  other  re- 

|;ry  heats,  making  a  total  of  eighteen  samples  in  all.  After 
■rough  mixing,  3  drops  of  each  sample  are  placed  in  slightly 
icave,  specially  purified,  preburned  graphite  electrodes  and 
sd  in  an  oven  at  110°  C.  Each  sample  is  subjected  to  an  8- 
ipere  direct  current  arc  until  completely  vaporized.  The  ex- 
i  ures  are  made  on  an  A.R.L.-Dietert  grating  spectrograph, 
lag  Eastman  Kodak  spectrum  analysis  film  No.  1. 
tatios  of  relative  intensity  values  of  the  calcium  line  4226  A. 
II  the  magnesium  line  2936  A.  are  evaluated,  and  these  data 
i  shown  in  Table  I.  Since  the  absolute  intensity  of  the  magne- 
m  line  2936  A.  is  reproducible  within  ±5%,  the  relative  inten- 
i  t  values  are  established  using  the  gamma  of  the  4226  A.  region. 

DATA  OBTAINED 

The  relative  intensity  ratios  obtained  from  the  samples  with  no 
ditions  of  calcium  and  those  with  0.001  and  0.002%  additions 


are  plotted  on  the  vertical  axis,  and  the  curve  established  by  these 
three  points  is  extrapolated  to  the  horizontal  axis.  The  amount 
of  calcium  present  in  each  sample  is  obtained  at  the  point  where 
the  extrapolated  curve  crosses  the  horizontal  axis.  This  proce¬ 
dure  is  shown  in  Figures  1  and  2. 

If  the  extrapolated  values  found,  and  the  known  additions  plus 
the  extrapolated  values,  are  plotted  on  coordinate  paper,  using 
the  intensity  ratio  as  the  ordinate  and  the  per  cent  calcium  as  the 
abscissa,  a  curve  will  be  obtained  which  originates  at  the  zero 
point  of  both  the  horizontal  and  vertical  axes. 

A  second  series  of  samples  containing  calcium  in  amounts  con¬ 
siderably  higher  than  the  first  series  is  treated  in  a  similar  manner. 
However,  only  one  addition  of  calcium,  corresponding  to  0.04%, 
is  made.  Ratios  calculated  for  these  samples  are  listed  in  Table 
II  and  plotted  in  Figure  2.  A  high-voltage  spark  is  used  to 
vaporize  the  sample  in  this  series. 


° 

Table  I.  Relative  Intensity  Ratios  of  Calcium  Line  4226  A.  to 
Magnesium  Line  2936  A. 


(On  nitrate  solutions 
Sample  No. 


of  magnesium  samples  with  and  without  additions  of 
known  calcium) 

0.00%  0.001%  0.002% 
Calcium  Added  Calcium  Added  Calcium  Added 


309-12 

0.35 

309-16 

0.12 

309-20 

0.28 

310-32 

0.26 

312-20 

0.31 

312-28 

0.25 

0.53 

0.64 

0.25 

0.45 

0.44 

0.63 

0.40 

0.55 

0.43 

0.62 

0.41 

0.55 

Table  II.  Relative  Intensity  Ratios  of  Calcium  Line  3969  A.  to 

o 

Magnesium  Line  2779  A. 

(On  nitrate  solutions  of  magnesium  samples  with  and  without  additions  of 

known  calcium) 


Sample  No.  0.00%  Calcium  Added  0.04%  Calcium  Added 


2658  2.1  3.0 

2660  2.0  2.85 

2659  0.55  1.65 

2661  1.49  2.32 

2664  1.58  2.40 
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PERCENT  CALCIUM 


Figure  3.  Working  Curve 

In  order  to  make  routine  spectrographic  estimations  of  calcium 
directly  on  metallic  magnesium,  the  metal  samples  used  to  estab¬ 
lish  curves  in  Figures  1  and  2  are  fastened  in  a  lathe  and  faced 
smooth,  then  placed  on  a  Petrey  stand  and  subjected  to  a  high- 
voltage  spark,  using  a  lower  electrode  of  high  purity  graphite. 

The  working  curve  in  Figure  3  is  obtained  by  plotting  the  inten¬ 
sity  ratio  values  of  calcium  3933  A.  and  magnesium  2781  A. 
against  the  calcium  percentages  determined  by  extrapolation 
(Figure  1). 

Satisfactory  line  densities  are  obtained  on  samples  with  higher 
calcium  content  by  use  of  the  logarithmic  stepped  sector.  One 
eighth  of  the  exposure  can  be  secured  by  reading  the  calcium  line 
in  the  fourth  step  of  a  logarithmic  stepped  sector  having  a  ratio 
of  2  to  1  per  step.  The  magnesium  line  used  as  a  reference  is 
read  in  the  first  step.  Since  the  light  is  reduced  by  known 
amounts,  the  intensity  ratio  can  be  readily  determined. 

Table  III  compares  results  for  calcium  as  determined  by  extra¬ 
polation  in  Figure  1  with  results  from  sparking  the  metal  samples 
directly.  The  results  on  samples  of  high  calcium  content  (2658 
to  2664,  in  Table  III),  are  based  on  the  direct  metal  working 
curve  of  Figure  3,  using  a  logarithmic  stepped  sector  procedure. 
Similar  studies  undertaken  without  the  use  of  a  stepped  sector  to 
establish  data  for  direct  calcium  estimation  of  samples  with 
higher  calcium  content  give  results  agreeing  very  well  with  those 
in  Table  III. 

Figure  4  shows  a  working  curve  for  metal  samples  containing 
higher  percentages  of  calcium,  developed  in  the  same  manner  as 
that  shown  in  Figure  3.  To  a  nitrate  solution  of  1  gram  of  the 
first  three  samples  listed  in  Table  III,  sufficient  calcium  is  added  to 


Table  III.  Calcium  Found  in  Magnesium  Samples 

Method 

Sample  No.  By  calcium  addition  By  direct  metal  spar. 


% 

% 

309-12 

0.0021 

0.0020 

309-16 

0.00075 

0 . 0009 

309-20 

0.0016 

0.0018 

310-32 

0.0019 

0.0018 

312-20 

0 . 0022 

0 . 0020 

212-28 

0.0016 

0.0017 

2658 

0.1)93 

0.108O 

2659 

0.020 

0.017“ 

2660 

0.092 

0.112“ 

2661 

0.083 

0.096“ 

2664 

0.083 

0.096“ 

Logarithmic  stepped 

sector  values  based  on  first  six  samples. 

Table  IV.  Determination  of  High  Percentage  Calcium  in  Magnesi 

(0.1%  Ca  added  to  samples  listed  in  Table  III) 


Relative  Intensity 


Sample  No. 

„  .  Ca  3969 

Ratio  Mg  2779 

Calcium 

Calculated 

Calcium 

Found 

% 

% 

309-12 

2.10 

0.1021 

0.101 

309-16 

2.05 

0.1008 

0.099 

309-20 

2.05 

0.1016 

0.099 

Figure  4.  Working  Curve 


increase  the  percentage  0.1%  with  respect  to  the  magnesii 
present.  The  percentages  of  calcium  indicated  when  the  rati 
obtained  by  this  procedure  are  referred  to  Figure  4  are  fisted 
Table  IV.  The  calcium  thus  found  substantiates  the  data  fist 
in  Table  II  and  plotted  in  Figure  4. 

SUMMARY 

A  method  is  developed  for  the  direct  spectrographic  estimate 
of  low  percentage  calcium  in  magnesium  metal  samples.  C: 
cium-free  magnesium  salts  are  difficult  to  obtain.  Therefoi 
known  amounts  of  calcium  sulfate  solution  are  added  to  nitra 
solutions  of  the  magnesium  samples  to  be  analyzed.  Subs 
quently  intensity  ratios  of  calcium  and  magnesium  fines  repi 
senting  these  samples  are  established,  and  percentages  of  calciu 
in  the  metal  determined  by  extrapolation.  A  working  curve  f 
rapid  routine  analysis  by  sparking  the  metal  directly  is  co 
structed. 

LITERATURE  CITED 

(1)  Cholak,  Jacob,  and  Story,  R.  V.,  J.  Optical  Soc.  Am.,  31,  730 

(1941). 

(2)  Duffendack,  O.  S.,  and  Wolfe,  R.  A.,  Ind.  Eng.  Chem.,  Ana 

Ed.,  10,  161  (1938). 

(3)  Hasler,  M.  F.,  J.  Optical  Soc.  Am.,  31,  140-5  (1941). 

(4)  Hughes,  R.  C.,  Ibid.,  33,  49-60  (1943). 

(5)  Nikitina,  E.  I.,  Zavodskaya  Lab.,  9,  1319-20  (1941). 

(6)  Pierce,  W.  C.,  and  Nachtrieb,  N.  H.,  Ind.  Eng.  Chem.,  Ana 

Ed.,  13,  774-81  (1941). 


Determination  of  Fluoride 

Detection  and  Determination  of  Acutely  Toxic  Quantities  in  Foods  and 

Biological  Material 

WILLIAM  H.  KING  AND  DOROTHY  A.  LUHORN 
Louisiana  State  Health  Department,  Division  of  Laboratories,  New  Orleans,  La. 


detailed  procedure  is  given  for  a  rapid,  dependable,  qualitative 
for  detection  of  fluorides  in  foods  and  biological  materials. 

«  method  will  detect  as  little  as  0.04%  of  fluorine  as  fluoride  even 
naterial  with  high  carbohydrate  content.  A  detailed  procedure 
i Iso  given  for  quantitative  determination  of  fluorides  in  a  variety 
food  products  in  the  range  0.001%  and  up  for  certain  carbo- 
Irate-free  foods  and  0.01  %  and  up  for  pure  carbohydrates. 

ECAUSE  of  the  frequent  occurrence  of  cases  of  accidental 
fluoride  poisoning  and  the  numerous  requests  this  labora- 
y  receives  for  complete  toxicological  examination  of  ingested 
terials  and  organs  of  deceased  persons,  it  became  necessary 
develop  methods  for  rapidly  and  positively  determining  the 
isence  or  absence  of  acutely  toxic  quantities  of  fluorides  in 
lpies  containing  a  high  percentage  of  organic  material. 

’he  specific  nature  of  the  glass-etching  test  makes  this  test 
y  desirable  from  a  qualitative  standpoint.  In  connection  with 
lpies  containing  a  high  percentage  of  organic  material  it  is 
essary  to  isolate  the  fluoride;  this  is  most  conveniently  done 
ashing  a  portion  of  the  sample  to  be  tested.  It  has  been 
wn  ( 6 )  that  in  the  presence  of  much  organic  matter,  such  as 
ar,  up  to  80%  of  the  fluoride  content  of  the  sample  may  be 
even  in  the  presence  of  an  alkaline  fixative,  such  as  lime 
pension.  Similar  results  have  been  experienced  in  this  labora- 
y  with  samples  of  high  sugar  content,  using  the  Briining  and 
ist  (4,  10)  method  of  fixing  fluorides  by  ashing.  Accordingly, 
method  described  below  was  developed  as  a  systematic  pro- 
ure  for  testing  organic  material  for  the  presence  of  acutely 
ic  amounts  of  fluorides.  In  this  method  water-soluble  or- 
lic  material  such  as  sugar  is  largely  removed  before  ashing. 
3  test  is  simple,  rapid,  and  dependable  and  requires  a  minimum 
iount  of  material  and  reagents.  It  has  never  failed  to  reveal 
presence  of  10  mg.  of  fluorine  as  sodium  fluoride  in  25  grams 
)4%)  of  a  variety  of  foods  tested  in  this  laboratory.  The  test 
ws  up  unmistakably  as  a  “frosted”  circular  spot  about  2.5cm. 
inch)  in  diameter  on  a  microscope  slide. 

ALITATIVE  TEST  FOR  FLUORIDES  IN  FOODS  AND  BIOLOGICAL 
MATERIAL 

dace  25  grams  of  the  comminuted  and  well-mixed  sample  in  a 
)-ml.  stoppered  Erlenmeyer  flask,  add  75  ml.  of  water,  and  mix 
!  until  any  sugar  or  other  water-soluble  organic  matter  is  in 
ition.  Add  2  ml.  of  10%  calcium  chloride  (anhydrous),  10 
of  10%  copper  sulfate  pentahydrate  solution,  and  make 
aline  with  sodium  carbonate  (10%  solution),  adding  15  ml. 
sxcess. 

vlix  well  and  allow  to  stand  in  a  warm  place  for  1  hour.  Cool 
room  temperature,  and  filter  through  a  fluorine-free  filter 
)er  (Whatman  No.  12,  18.5-cm.  folded  paper  is  convenient), 
ng  5  ml.  of  water  in  rinsing  flask.  Transfer  residue  and  paper 
1  nickel  evaporating  dish,  dry  carefully,  and  ash  at  550°  C.  for 
minutes. 

Irush  ash  and  transfer  to  a  platinum  crucible.  Place  a  clean, 
',  unetched  microscope  slide  over  the  crucible  and  add  enough 
icentrated  sulfuric  acid  just  to  cover  the  ash.  (Previously 
an  the  slides  by  immersing  in  cleaning  solution  for  0.5  hour, 
sing  with  distilled  water,  and  drying  in  an  oven.) 
i  Seat  over  a  small  flame  until  sulfur  trioxide  fumes  begin  to 
pear.  Continue  the  heating  for  15  minutes.  Cool,  wash  the 
lie  well  with  distilled  water,  and  dry  in  oven.  If  as  much  as 

!4%  of  fluorine  as  fluoride  was  present,  the  glass  will  be  dis- 
ctly  etched. 


QUANTITATIVE  DETERMINATION  OF  FLUORIDES 

The  quantitative  determination  of  small  amounts  of  fluoride 
has  been  the  subject  of  considerable  study  by  numerous  investi¬ 
gators  for  over  100  years. 

Willard  and  Winter  (15)  introduced  the  distillation  method  for 
isolating  fluorine,  which  involves  constant-temperature  volatili¬ 
zation  of  fluorine  as  hydrofluosilicic  acid  from  aqueous  solutions 
of  sulfuric  and  perchloric  acids.  This  procedure  was  an  improve¬ 
ment  on  the  volatilization  methods  used  by  Wohler  (16),  Offer- 
mann  (11)  et  al.  Willard  and  Winter  (15)  also  introduced  the 
volumetric  procedure  of  quantitative  determination  of  fluorine 
based  on  titration  with  thorium  nitrate,  using  a  zirconium-ali¬ 
zarin  mixture  as  indicator  in  alcoholic  solution.  Armstrong  (2) 
titrated  fluoride  in  an  aqueous  rather  than  alcoholic  solution  and 
Rowley  and  Churchill  (12)  applied  the  aqueous  titration  to  the 
determination  of  quantities  of  1  to  50  mg.  of  fluorine.  Dahle 
et  al.  (8)  studied  a  “back-titration”  procedure  as  suggested  by 
Allen  (1).  This  procedure  has  been  further  studied  by  Clifford 
(5)  and  McClure  (.9)  and  was  published  in  an  up-to-date  form  by 
the  referee  on  waters,  brine,  and  salt  in  1942  (3). 

The  subject  of  isolation  of  fluorine  from  organic  material  has 
received  attention  by  various  investigators.  Preliminary  dis¬ 
tillation  of  fluorine  from  perchloric  acid,  in  the  presence  of  much 
organic  material,  may  cause  dangerous  explosions. 

Preliminary  distillation  from  sulfuric  acid  was  first  suggested 
by  Willard  and  Winter  (15)  and  has  been  referred  to  by  Wich- 
mann  and  Dahle  (13,  14)-  Direct  ashing  of  the  organic  material 
followed  by  distillation  of  the  ash  has  also  received  some  atten¬ 
tion.  These  efforts  have  been  summarized  by  Clifford  (6),  but 
leave  doubt  as  to  the  value  of  this  method  in  general  application 
to  the  determination  of  fluoride  in  foods  and  biological  materials. 
Cox,  Matu.schak,  Dixon,  Dodds,  and  Walker  (7)  state  that  “in 
agreement  with  Armstrong,  Dahle,  and  McClure  the  value  of 
analysis  for  fluorine  on  materials  which  must  be  ashed  is  question¬ 
able”. 

Equipped  with  the  foregoing  more  or  less  equivocal  informa¬ 
tion,  the  authors  attempted  to  develop  a  detailed,  systematic, 
working  method  for  determining  acutely  toxic  quantities  of 
fluorine  in  foods  and  biological  material. 

The  resulting  method  was  developed  after  numerous  unsuccess¬ 
ful  attempts  to  arrive  at  a  judicious  combination  of  detailed  pro¬ 
cedures  which  would  isolate  fluorine  from  various  types  of  food 
and  organic  biological  material  (meat)  in  a  form  sufficiently  free 
from  interfering  substances  to  apply  the  back-titration  method. 
At  the  outset  it  was  realized  that  the  titration  procedure  was 
sufficiently  sensitive  and  precise  to  work  with  small  samples. 

To  avoid  loss  of  fluorine  by  direct-ashing  procedures  because 
of  presence  of  organic  material,  a  preliminary  distillation  over 
sulfuric  acid  was  made.  Results  showed  that  impurities  in  the 
distillate  interfered  grossly  with  titration  of -fluorine.  An  un¬ 
successful  attempt  was  made  to  produce  a  pure  distillate  by 
oxidizing  the  volatile  organic  impurities  in  the  first  distillate, 
concentrating  in  an  alkaline  medium,  and  redistilling.  Inasmuch 
as  the  organic  material  in  the  first  distillate  is  low,  experiments 
were  carried  out  to  determine  optimum  conditions  for  their  re¬ 
moval  by  quick-ashing  the  first  distillate  after  evaporating  to 
dryness  with  fixative  agents. 

These  experiments  resulted  in  the  present  procedure.  Since 
samples  containing  a  high  percentage  of  sugar  or  starch  produced 
excessive  foaming  in  the  preliminary  distillation  with  sulfuric 
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acid,  a  procedure  was  developed  largely  to  destroy  this  material 
with  potassium  permanganate. 

The  authors  feel  that  the  workability  of  the  back-titration 
method,  as  rewritten  here,  has  been  enhanced  by  use  of  stirring 
rods  in  the  Nessler  tubes.  They  believe  that  the  use  of  a  Nessler 
tube  rack  with  white  glass  reflector  and  a  large  fluorescent  titrat¬ 
ing  lamp  contributes  to  the  accuracy  of  the  titration.  Their  ex¬ 
perience  shows  that  the  titration  is  excellent  for  accurate  meas¬ 
urement  of  amounts  of  fluorine  in  aliquots  containing  from  0.01 
to  0.05  mg.  after  isolation  of  the  element  from  interfering  ions. 
Numerous  practical  details  are  included  in  both  the  isolation  and 
titration  procedures  because  it  is  felt  that  their  observance  is  es¬ 
sential  to  the  success  of  the  method. 

PROCEDURE 

The  sample,  consisting  largely  of  organic  material,  is  subjected 
to  a  Willard-Winter  distillation  using  sulfuric  acid,  followed  by 
evaporation  of  the  distillate  with  sodium  carbonate— lime  water 
fixative  and  ashing  for  a  short  time  in  a  nickel  dish.  The  ash 
obtained  is  redistilled  with  perchloric  acid  and  silver  sulfate,  thus 
providing  a  sufficiently  pure  aqueous  solution  of  fluoride  ion  for 
accurate  measurement  by  the  back-titration  procedure. 

Reagents.  Sodium  fluoride  solution.  Dissolve  2.22  grams  of 
sodium  fluoride  (purity  at  least  98%)  in  1  liter  of  water  (this 
solution  contains  1  mg.  of  fluorine  per  ml.). 

Standard  sodium  fluoride  solution.  Dilute  10  ml.  of  stock  so¬ 
dium  fluoride  solution  to  1  liter  (1  ml.  =  0.01  mg.  of  fluorine). 

Thorium  nitrate  solution.  Dissolve  0.25  gram  of  thorium  ni¬ 
trate  dodecahydrate  in  1  liter  of  water. 

Alizarin  red  indicator.  Make  a  0.01%  water  solution  of  so¬ 
dium  alizarin  sulfonate. 

Hydrochloric  acid,  (1  +  249)  (0.05  N).  Dilute  4  ml.  of  hydro¬ 
chloric  acid  to  1  liter. 

Sodium  hydroxide  solution,  0.05  Ar. 

Potassium  permanganate  solution,  5%. 

Apparatus.  Claissen  flask,  capacity  125  ml. 

Nessler  tubes,  two  or  more  long-form  50-ml.  tubes  matched  for 
length,  diameter,  and  optical  similarity. 

Stirring  rods.  Out  of  small-diameter  glass  rod  make  stirring 
rods  with  glass  rings  at  bottom  parallel  to  bottom  of  tube  and  of 
small  enough  diameter  to  fit  into  the  Nessler  tubes.  The  rods 
should  be  5  to  7.5  cm.  (2  to  3  inches)  longer  than  the  tubes,  with 
the  upper  end  bent  at  an  angle,  so  that  contents  of  the  tube  can 
be  observed  while  stirring  with  an  up  and  down  motion. 

Isolation  of  Fluorine.  Transfer  10  grams  of  the  comminuted 
and  well-mixed  sample  into  the  Claissen  flask  (rinsed  with  boiling 
10%  sodium  hydroxide  to  eliminate  all  traces  of  gelatinous 
silica),  which  has  been  set  up  for  a  Willard  and  Winter  (15)  dis¬ 
tillation. 

Willard  and  Winter  Setup.  Place  the  flask  on  an  asbestos 
mat  with  an  opening  large  enough  so  that  about  one  third  of  the 
bottom  of  the  flask  will  be  exposed  to  the  flame.  Close  the  main 
neck  with  a  two-hole  rubber  stopper  through  which  pass  a  ther¬ 
mometer  and  a  capillary  glass  tube,  both  extending  within  2  to 
3  mm.  of  the  bottom  of  the  flask.  Connect  a  small  glass  funnel 
with  a  stopcock  to  the  capillary  tube,  so  that  a  controlled  flow  of 
water  may  be  added  during  the  distillation.  Provide  a  solid 
rubber  stopper  for  the  side  neck  and  connect  the  flask  with  a 
water-cooled  condenser  fitted  with  an  adapter  suitable  for  collect¬ 
ing  the  distillate  in  a  250-ml.  Erlenmeyer  flask. 

Add  50  ml.  of  sulfuric  acid  (1  +  1)  and  several  glass  beads  and 
distill  until  the  temperature  reaches  130°  C.  (use  face  shield  dur¬ 
ing  distillation).  (The  amount  of  water  in  the  flask  is  not  critical, 
so  long  as  there  is  enough  to  cause  the  mixture  to  boil  under 
110°  C.  at  the  beginning.)  Continue  the  distillation,  holding 
the  temperature  between  130°  and  140°  C.  by  adding  water 
through  the  capillary  tube  until  150  ml.  of  distillate  have  been 
collected  in  that  temperature  range.  Drain  condenser  water 
and  continue  the  distillation  until  steam  is  evolved  from  the  end 
of  the  condenser. 

Combine  all  distillate  and  transfer  to  a  platinum  or  nickel 
evaporating  dish.  Neutralize  with  solid  sodium  carbonate  and 
add  2  grams  in  excess.  Add  10  ml.  of  lime  water  and  evaporate 
to  dryness.  Ash  for  5  minutes  at  550°  C.  Cool  and  completely 
transfer  ash  to  a  Claissen  flask  with  water,  rinsing  dish  with  25 
ml.  of  60%  perchloric  acid.  (This  operation  should  be  carried 
out  carefully.  Add  the  acid  through  a  funnel  inserted  into  the 
side  neck  of  the  flask  which  has  been  set  up  for  distillation.) 
Add  ca.  0.5  gram  of  pure,  solid  silver  sulfate  (preventing  distilla¬ 
tion  of  hydrochloric  acid  from  salt  in  the  sample,  thus  lowering 
acidity  of  the  distillate;  first  suggested  by  McClure,  9)  and  re¬ 


distill  as  before,  but  hold  the  temperature  of  the  second  disti 
tion  at  13o°  *  2°  C.  after  that  temperature  is  reached. 

Make  up  final  distillate  to  a  suitable  volume — e.g.,  500  m 
in  a  graduated  flask  and  take  a  suitable  aliquot  for  fluorine 
termination  as  follows: 

Determination  of  Isolated  Fluorine.  Prepare  one  stand: 
and  one  or  more  sample  tubes  as  follows : 

Standard  Tube.  Place  35  to  40  ml.  of  water  in  one  of 
Nessler  tubes  equipped  with  stirring  rod.  Add  1  ml.  of 
alizarin  red  indicator  and  2  ml.  of  0.05  N  hydrochloric  acid. 

Sample  Tube.  Titrate  an  aliquot  of  the  sample  distillate* 
0.05  N  sodium  hydroxide  solution,  using  1  ml.  of  indical 
Place  a  suitable  aliquot  (0  to  0.05  mg.  of  fluorine)  in  anot 
Nessler  tube  equipped  with  stirring  rod  and  make  up  to  ca. 
ml.  with  water.  Add  enough  0.05  N  hydrochloric  acid  to  tc 
2  ml.,  including  acid  in  the  sample  aliquot,  if  any.  Add  1  ml. 
the  indicator,  mix,  and  add  a  measured  amount  of  thorium 
trate  solution  from  a  microburet,  dropwise,  until  a  distinct  fa 
pink  color  appears.  Make  up  to  50-ml.  mark  with  stirring  i 
resting  in  tube. 

Add  exactly  the  same  volume  of  thorium  solution  to  the  stai 
ard  tube  as  was  added  to  the  sample  tube.  Back-titrate  fron 
microburet  with  standard  sodium  fluoride  solution,  dropwise  w 
stirring,  until  the  color  of  the  standard  tube  matches  that  of  1 
sample  tube.  For  final  match  adjust  volume  to  that  of  samj 
tube.  Ml.  of  fluorine  solution  X  0.01  =  mg.  of  fluorine  in  sam 
aliquot.  Determine  a  reagent  blank,  using  a  sufficient  amoi 
of  granulated  sugar  in  place  of  the  sample.  Calculate  fluori 
content  of  original  sample,  correcting  for  reagent  blank. 


Table  I.  Fluorine  in  Various  Types  of  Foods 


Type  of 

Wt.  of 

Sample 

Sodium 

Fluoride 

f2 

Recovered 

Recover 

Sample 

Sample 

Blank® 

Added 

(Less  Blank) 

of  F2 

Grams 

Mg.  Ft 

Mg.  Ft 

Mg. 

% 

Ground  meat 

10 

0.10 

10.00 

9.80 

98.0 

Granulated  sugar 

1 

0.10 

10.00 

9.40 

94.0 

Flour 

1 

0.06 

10.00 

9.88 

98.8 

Pea  soup 

10 

0.07 

10.00 

9.70 

97.0 

(concentrated) 
Apple  jelly 

1 

0.09 

10.00 

9.92 

99.2 

Canned  spinach 

10 

0.06 

10.00 

9.92 

99.2 

Cola  beverage 

10 

0.06 

10.00 

9.43 

94.3 

Powdered  eggs 

10 

0.10 

10.00 

9.32 

93.2 

°  Includes  reagent  blank  and  any  fluoride  present  in  original  samples. 


NOTES  ON  THE  METHOD 

In  ease  of  excessive  foaming  or  excessive  charring  of  the  samp 
during  the  distillation,  such  as  would  be  caused  by  samples 
high  carbohydrate  content,  use  less  sample.  The  sensitivity  of  tl 
method  is  such  that  as  little  as  1  gram  of  sample  can  be  use 
provided  the  fluorine  is  evenly  distributed  in  the  sample. 

Samples  containing  more  than  50%  of  sugar  or  starch  must  1 
decomposed  with  potassium  permanganate  solution  if  as  much  i 
1  gram  of  sample  is  used.  Larger  samples  of  other  material  ma 
be  advantageously  treated  with  this  reagent  also  if  excessive  f oan 
ing  is  encountered.  The  reagent  is  used  as  follows: 

Warm  sample  with  sulfuric  acid  in  the  Claissen  flask  to  a  ten 
perature  of  90°  to  110°  C.  and  add  5%  potassium  permanganat 
solution  a  few  cubic  centimeters  at  a  time  through  a  funnel  in  th 
side  neck  of  the  flask.  Shake  well  until  all  the  potassium  pei 
manganate  has  reacted,  judged  by  disappearance  of  the  pin 
color.  Do  not  add  an  excess  of  potassium  permanganate,  as  thi 
may  not  only  prove  dangerous  but  also  result  in  production  o 
chlorine  which  would  interfere  in  the  final  titration.  Destro. 
as  much  organic  material  in  this  manner  as  is  necessary  to  pre 
vent  excessive  foaming  during  distillation.  It  is  not  necessar 
to  eliminate  organic  matter  completely  at  this  stage.  Of  all  th 
types  of  foodstuffs  and  meat  tested,  only  high-sugar  and  high 
starch  foods  required  this  treatment. 

Results  obtained  by  using  the  method  on  various  types  of  food 
including  meat,  are  shown  in  Table  I. 

An  attempt  was  made  to  determine  the  source  of  the  0.06-  6 
0.10-mg.  fluorine  blank  obtained  by  applying  the  method  to  th 
various  foods.  No  titration  error  was  observed  when  workin) 
with  the  standard  thorium  nitrate  and  sodium  fluoride  solution 
in  the  amount  indicated  in  titration  of  the  blanks. 
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taking  each  reagent  in  order,  the  following  blanks  were  ob- 
led  by  Willard-Winter  distillation  and  back-titration  proce- 


e: 

Blank, 

Reagents  Mg.  of  F 

I  Perchloric  acid  +  Ag2SO<  0 . 00 

II  NaaCOj  +  I  0.02 

III  Lime  water  (10  ml.)  +  I  0.01 

IV  H2S04  +  I,  II,  and  III  0.05 

V  Granulated  sugar  (1  gram),  50  ml.  of 

KMnOi  +  I,  II,  III,  and  IV  0.10 


'hese  results  indicate,  by  difference,  that  the  sulfuric  acid 
>arted  0.02  mg.  of  fluorine  to  the  blank.  Since  from  20  to  125 
of  potassium  permanganate  were  used  with  the  sugar,  flour, 
soup,  and  apple  jelly,  the  blanks  obtained  with  these  sub¬ 
ices  indicate  that  the  permanganate  may  contribute  as  much 
1.05  mg.  of  fluorine,  especially  if  it  is  assumed  that  pure  granu- 
d  sugar  contains  no  fluorine.  The  low  blank  obtained  on 
lach  (which  did  not  require  use  of  potassium  permanganate) 
rs  this  out.  The  high  blanks  obtained  with  ground  meat  and 
’dered  eggs  (0.10  mg.  of  fluorine),  with  which  very  little  or  no 
nanganate  was  used,  indicate  that  these  foods  might  contain 
p.m.  of  fluorine. 
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Quantitative  Determination  of  High  Molecular  Weight 

Primary  Aliphatic  Amines 

A.  W.  RALSTON  AND  C.  W.  HOERR,  Chemical  Research  Laboratory,  Armour  and  Company,  Chicago,  III. 


imple,  rapid,  and  accurate  method  lor  quantitative  determination 
rimary  aliphatic  amines  containing  12  to  18  carbon  atoms  in  the 
ence  ol  their  corresponding  secondary  amines  is  based  upon  the 
iration  of  the  primary  amines  by  distillation.  It  can  also  be  em- 
'ed  (or  the  analysis  ol  lower  molecular  weight  primary  amines 
their  salts  in  the  absence  ol  secondary  amines. 

IE  chemist  working  with  fatty  acid  derivatives  is  fre¬ 
quently  required  to  determine  the  amount  of  high  molecular 
;ht  primary  amine  in  a  sample  containing  primary  and 
Indary  amines  or  their  salts.  While  primary  aliphatic  amines 
\  readily  be  determined  quantitatively  by  titration  with 
i  dard  hydrochloric  acid  solution  using  methyl  red  indicator, 
analysis  is  complicated  by  the  presence  of  secondary  amines, 
aary  amines  admixed  with  secondary  amines  have  usually 
i  separated  by  distillation,  and  then  titrated  with  standard 
I.  For  the  high  molecular  weight  amines,  this  procedure 
ussitates  the  use  of  vacuum  distillation  equipment,  preferably 
fficient  high-vacuum  still  with  a  minimum  holdup,  and  con- 
lently  a  relatively  large  amount  of  sample  is  required  for  the 
ysis.  In  addition,  this  procedure  requires  several  hours 
each  determination.  In  view  of  the  present  expansion  of 
mercial  production  and  development  of  industrial  uses  for 
latic  amines,  a  simplified  and  accurate  method  for  their 
ysis  is  desirable. 

ich  a  method  was  mentioned  in  a  recent  paper  ( 1 )  from  this 
ratory,  discussing  work  in  which  it  was  necessary  to  deter- 
5  the  amount  of  amine  and  chloride  ion  in  electrolyzed 
itions  of  amine  salts  containing  silver  ions.  Analysis  for  chlo- 
;  ion  in  the  presence  of  high  molecular  weight  amines  is  com- 
iited  by  the  formation  of  an  unfilterable  colloidal  heavy  metal 
plex.  Conductometric  titrations  are  unsuccessful,  owing 
he  fact  that  no  sharp  breaks  are  obtained  when  the  con- 
ivity  of  the  solutions  is  plotted  against  the  concentration  of 
:d  electrolyte.  The  higher  amine  salts  of  sulfamic  acid  were 
id  to  be  sufficiently  insoluble  in  water  to  indicate  their 
utitative  precipitation.  These  salts  are,  however,  soluble 


in  the  presence  of  the  alkali  metal  or  alkaline  earth  ions  which 
are  necessarily  introduced  in  the  course  of  a  gravimetric  or  con¬ 
ductometric  analysis. 

The  procedure  which  was  adopted  for  the  analysis  of  amine 
hydrochloride  solutions  is  essentially  a  modification  of  the  Kjel- 
dahl  nitrogen  determination.  Instead  of  digestion  of  the  organic 
nitrogen  compound  with  the  subsequent  liberation  of  ammonia, 
the  primary  amine  is  liberated  by  an  alkali  and  distilled  directly 
into  an  acid  solution.  Further  investigation  of  the  method 
has  demonstrated  its  applicability  to  all  the  common  salts  of 
the  primary  amines  as  well  as  to  mixtures  of  high  molecular 
weight  primary  and  secondary  amines  and  their  salts. 

METHOD  AND  DISCUSSION 

Procedure.  The  apparatus  consists  of  the  usual  Kjeldahl 
setup.  A  Kjeldahl  flask  (600-  or  800-ml.)  is  fitted  with  a  con¬ 
necting  bulb  to  a  straight  condenser  whose  lower  end  is  ex- 
tendecTby  a  delivery  tube  into  a  receiver.  Any  type  of  modified 
Kjeldahl  connecting  bulb  may  be  used. 

To  analyze  for  primary  amine,  a  weighed  portion  of  amine 
salt,  or  a  known  amount  of  amine  salt  solution,  is  placed  in  the 
Kjeldahl  flask,  the  amine  is  liberated  from  its  salt  by  addition 
of  an  excess  (10%  or  more)  of  sodium  (or  potassium)  hydroxide, 
and  200  to  400  ml.  of  water  are  added.  The  amine  is  then 
distilled  into  a  known  amount  of  standard  hydrochloric  acid 
solution.  The  amount  of  primary  amine  in  the  original  sample 
can  be  determined  by  titrating  the  excess  hydrochloric  acid  in 
the  receiver  with  standard  carbonate-free  alkali,  using  methyl 
red  indicator.  When  analyzing  the  higher  amines,  it  is  prefer¬ 
able  to  add  a  small  amount  of  neutral  ethanol  to  the  acid  in  the 
receiver  to  dissolve  the  amine  salt  formed.  The  results  of  a 
number  of  determinations  by  this  method  are  listed  in  Table  I. 
The  use  of  highly  purified  amine  salts  enabled  accurate  cal¬ 
culation  of  the  amount  of  primary  amine  in  the  sample. 

Table  I  shows  the  relative  amounts  of  sample  which  can  be 
analyzed  conveniently.  The  values  for  the  lower  amines  cor¬ 
respond  to  about  0.1  to  0.6-gram  samples,  and  for  the  higher 
amines  to  0.1  to  0.2-gram  samples.  These  amounts  of  the 
lower  amines  distill  in  less  than  30  minutes.  Because  of  the 
lower  vapor  pressures  of  the  higher  amines  ( 2 ),  it  is  convenient  to 
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Table  I.  Analyses  of  Amine  Salts 


Amine  Salt 

Amine  Calculated 

HC1“ 

NaOHi- 

Amine 

Found 

Error 

Mole 

Ml. 

Ml. 

Mole 

% 

CsH.7NH2.HCl 

0 . 002802 

47.58 

14.47 

0 . 002800 

-0.07 

C10H2.NH2.HCl 

0 . 00480 

75.40 

19.75 

0.00480 

0.00 

0 . 00337 

61.38 

20.77 

0.00337 

0.00 

Ci2H26NH2.HC1 

0.001144 

38.88 

21.86 

0.001144 

0.00 

0.001144 

36.22 

19.69 

0.001144 

0.00 

0.003130 

49.60 

13.27 

0.003125 

-0.16 

Ci6H33NH2.HC1 

0 . 003630 

58.07 

15.81 

0.003628 

—  0  06 

0.001058 

32.20 

17.16 

0.001055 

-0.28 

0.001175 

30.71 

15.77 

0.001174 

-0.09 

C1sR.7NH2.HCl 

0.001175 

34.18 

17.72 

0.001175 

—  0.00 

0.000870 

30.21 

17.17 

0.000869 

-0.12 

Ci8H37NH2.HC1  + 
Na2SOi 

0.000870 

32.16 

18.77 

0.000868 

—  0.23 

0 . 000454 

30.97 

21.42 

0 . 000453 

-0.22 

(CbHi7)2NH.HC1 

0.000580 

30.84 

20.21 

0.000580 

—  0.00 

0.001272 

38.18 

20.16 

0.001270 

-0.13 

(C^RRNH.HCl 

0.000770 

30.72 

25.40 

None 

CisR.NR.HCl  + 

(Cl8H37)2NH.- 

HC1  +  Na2SC>4 

0.000522  primary 
+  0.00022  sec¬ 
ondary 

34.82 

23.99 

0.000522 

0.00 

a  0.0935  Y  standardized  with  diphenylguanidine  (4). 
6  0.1140  N  prepared  carbonate-free  (3). 


Table  II.  Distillation  of  Amines 


Amine 

Gram 

Sample 

Mole 

Time  of 
Distillation 
Min. 

Octylamine 

Dodecylamine 

0. 1-0.5 
0. 1-0.6 

0 . 0008-0 . 004 

0 . 0005-0 . 003 

5-15 

10-30 

Octadecylamine 

Alkali  only 

Alkali  +  Na2S04 
Dioctylamine 

Didodecylamine  (alkali  only 
and  alkali  +  Na2S04) 

0. 1-0.2  0.0003-0.0006 

0. 1-0.2  0.0003-0.0006 

0. 1-0.3  0.0004-0.001 

None  in  over 

1  hour 

Hours 

1-1.5 

0.75-1 

0 . 75-1 . 5 

use  smaller  samples  for  the  sake  of  rapidity  at  the  expense  of 
greater  accuracy.  For  the  analysis  of  hexadecyl-  and  octadecyl- 
amines  30  to  50  grams  of  sodium  sulfate  may  be  added  to  the 
samples.  This  raises  the  boiling  point  of  the  system  and  mate¬ 
rially  reduces  the  time  required  to  distill  the  primary  amines. 
It  can  be  seen  from  Table  I  that  the  addition  of  sodium  sulfate 
does  not  increase  the  volatility  of  the  corresponding  secondary 
amines  to  the  extent  that  they  interfere  with  the  analysis  of 
the  primary  amines.  Table  II  shows  the  time  required  for 
distillation  of  practical  amounts  of  representative  aliphatic 
amines. 

Applicability.  This  procedure  permits  quantitative  de¬ 
termination  of  aliphatic  primary  amines,  containing  from  12 
to  18  carbon  atoms,  inclusive,  in  the  presence  of  their  correspond¬ 


ing  secondary  amines.  Salts  of  mixtures  can  also  be  analy 
by  this  method.  When  secondary  amines  are  not  present, 
method  may  be  employed  for  the  determination  of  prim 
aliphatic  amines  and  their  salts  up  to  and  including  octade 
amine.  The  quantitative  removal  of  the  amine  compon 
allows  determination  of  the  anion  in  the  residual  solution  by 
usual  procedures.  Since  the  presence  of  the  amine  frequei 
complicates  the  accurate  determination  of  the  anion,  this  j 
cedure  removes  one  of  the  difficulties  encountered  in  the  anal; 
of  high  molecular  weight  amine  salts. 

When  the  method  is  applied  to  the  analysis  of  a  mixture 
primary  and  secondary  amines,  it  is  entirely  dependent  u] 
the  differences  in  their  respective  vapor  pressures  at  the  boil 
point  of  wTater.  The  limitations  as  to  chain  length  have  b 
designated  above. 

Interfering  Substances.  The  most  frequently  encounte 
interfering  substance  in  commercial  amines  is  ammonia,  wb 
can  be  removed  readily  by  a  preliminary  heating  of  the  alkai 
sample  under  reduced  pressure.  At  50°  C.  and  20-mm.  presst 
the  amount  of  the  higher  primary  amines  lost  by  vaporizat 
is  within  the  experimental  accuracy  of  the  analysis  (2).  Ot 
volatile  organic  bases  are  not  generally  encountered  in  si 
mixtures.  None  of  the  other  common  impurities  of  the  cc 
mercial  aliphatic  amines  interferes  with  the  method:  nit 
distills  simultaneously  with  the  amine,  but  does  not  react  v. 
the  acid  in  the  receiver;  free  fatty  acid  is  converted  to  si 
and  prevented  from  hydrolyzing  by  the  excess  alkali;  i 
amide  does  not  effect  the  analysis. 

Accuracy.  Table  I  shows  the  accuracy  which  can  be 
tained  by  this  method  if  reasonable  care  is  exercised.  Sma 
samples  than  those  suggested  can  be  analyzed  accurately 
using  more  dilute  standard  acid  and  alkali  solutions.  Si 
the  composition  of  commercial  amines  cannot  be  determii 
accurately  by  any  other  method,  no  direct  check  can  be  m; 
upon  the  accuracy  of  the  analyses  of  these  compounds  by  t 
method.  However,  the  results  agree  within  1  to  2%  w 
separations  of  these  compounds  by  distillation. 
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Rapid  Determination  of  Zinc  in  Magnesium  Alloys 

SIDNEY  WEINBERG  and  THOMAS  F.  BOYD, 

Industrial  Test  Laboratory,  United  States  Navy  Yard,  Philadelphia,  Pa. 


kiETHODS  ordinarily  used  in  the  quantitative  analysis  of 
'  ’  '  z*nc  *n  magnesium  alloys  employ  preliminary  separations 
and  subsequent  determination  of  the  zinc  with  potassium  ferro- 
cyanide  ( 2 ,  3)  or  as  zinc  oxide  adapted  from  an  aluminum  alloy 
method  ( 1 ,  8).  Methods  employing  electroplating  in  a  sodium 
hydroxide  medium  after  preliminary  separations  ( 6 ,  9),  and  an 
iodometric  titration  procedure  have  appeared  (4). 

A  rapid  and  direct  means  of  obtaining  results  with  no  prelimi¬ 
nary  separations  was  attempted  in  this  laboratory  and  the  elec¬ 
trodeposition  of  the  zinc  in  ammoniacal  solutions  containing  am¬ 
monium  chloride  (5,  7,10)  was  found  to  give  results  well  in  agree¬ 
ment  with  the  classical  methods.  Weak  organic  acid  solutions 
were  also  used  for  the  deposition  of  the  zinc  by  the  authors,  but 
the  method  is  more  time-consuming  and  offers  no  advantage  over 
the  electroplating  in  ammonium  hydroxide. 


Sufficient  ammonium  chloride  is  introduced  to  prevent  the  pi 
cipitation  of  magnesium  hydroxide,  and  tartaric  acid  also  is  add 
to  keep  the  aluminum  present  in  solution.  The  total  tit 
needed  for  a  single  determination  is  about  25  minutes.  Soure 
of  error  due  to  manipulation  are  removed,  as  the  determination 
completed  in  one  beaker. 

PROCEDURE 

Dissolve  a  0.5-gram  sample  in  a  200-ml.  electrolytic  beaker  i 
adding  25  ml.  of  dilute  sulfuric  acid  (1  to  14).  Add  2  ml.  of  ta 
taric  acid  solution  (25%)  and  17  to  20  grams  of  ammoniu 
chloride,  dilute  to  100  ml.,  and  stir  to  dissolve  the  salts.  Mai 
the  solution  barely  ammoniacal  to  rosolic  acid  (or  any  neutr 
indicator)  and  add  4.0  ml.  of  ammonium  hydroxide  (0.90)  wil 
stirring.  Electrolyze  for  20  minutes  at  2  amperes,  with  a  gent 
stream  of  air  agitating  the  solution.  (Turn  the  current  on  befo 
the  beaker  is  placed  in  contact  with  the  electrodes  to  avoid  an 
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Table  1.  Comparison  of  Electrolytic  Method  with  Standard 

Methods 

Zinc 

Zinc 

Zinc  (Gravi- 

(Elec- 

(Ferro-  metric- 

illoy 

Alloying  Elements 

trolysis)  cyanide)  ally) 

Deviation 

1 

% 

%  % 

% 

65 

3%  Zn,  6%  Al,  0.2%  Mn 

3.07 

3.05 

+0.02 

65 

3.04 

3.00 

+0.04 

65 

3.20 

3.22 

-0.02 

(65 

3.02 

3.01 

+0.01 

65 

3.30 

3.18 

+0.12 

60 

2%  Zn,  9%  Al,  0.2%  Mn 

2.34 

2.44  2.30 

60 

2.30 

2.32  2.32 

7-S 

1%  Zn,  6%  Al.  0.5%  Mn 

1.05 

1.10 

-6.05 

Table  II.  Precision  of  Electrolytic  Method 

nple 

Zinc  Deviation 

Sample  Zinc 

Deviation 

%  % 

% 

% 

1 

3.20  0.03 

2 

2.50 

0.02 

1 

3.24  0.01 

2 

2.48 

0.00 

1 

3.20  0.03 

2 

2.52 

0.04 

1 

3.22  0.01 

2 

2.52 

0.04 

1 

3.24  0.01 

2 

2.44 

0.04 

l 

3.26  0.03 

2 

2.42 

0.06 

2 

2.48 

0.00 

2 

2.46 

0.02 

Ay.  3.23  0.02 

Av.  2.48 

0.03 

Hible  solvent  action  of  ammonium  hydroxide  on  the  copper 
e  or  nickel  of  the  cathodes.)  Wash  by  rapidly  lowering  the 
trolyte  and  replacing  with  a  beaker  of  distilled  water.  Re- 
t  the  operation  using  a  second  beaker  of  water.  Immerse  the 
lode  in  neutral  alcohol  and  place  in  an  oven  at  100°  C.  until 
alcohol  has  completely  evaporated.  Remove  immediately 
a  the  oven  to  prevent  oxidation  of  the  zinc  plate,  cool  to  room 
perature,  and  weigh. 

he  zinc-plated  electrode  is  best  kept  in  a  desiccator  if  it  is  not 
e  weighed  as  soon  as  cool.  Platinum  electrodes  which  have  a 
ht  unoxidized  copper  plate  or  nickel  electrodes  are  used  as 
lodes  and  are  tared  before  using.  A  platinum  wire  spiral 
es  as  the  anode.  Gauze  cathodes  4.4  cm.  (1.75  inch)  in  di- 
ter  by  5  cm.  (2  inches)  in  length  are  used.  The  nickel  elec- 
e  may  be  stripped  of  zinc  by  immersing  in  dilute  sulfuric  acid 
>15). 

appreciable  amounts  of  lead,  tin,  cadmium,  copper,  or  silver 
present,  a  hydrogen  sulfide  separation  is  necessary.  In  this 
;r  case  use  small  flasks  for  dissolving  the  sample,  dilute  to  ap- 
dmately  70  ml.,  and  pass  a  rapid  stream  of  hydrogen  sulfide 
ugh  the  solution  for  10  minutes.  Warm  on  a  stream  bath 
i  few  minutes  to  coagulate  the  precipitated  sulfides.  Cool  in 
earn  of  running  water  and  filter  through  a  close  paper,  catch- 
the  filtrate  in  a  200-ml.  electrolytic  beaker;  wash  with  acidi- 
hydrogen  sulfide  water.  Boil  the  filtrate  until  free  of  hy- 
;en  sulfide  and  cool  to  room  temperature.  Now  proceed  as  in 
routine  method. 

RESULTS 

he  purity  of  the  zinc  deposit  and  the  completeness  of  the 
rodeposition  were  determined  on  the  pure  salt  solutions, 
zinc  plate  showed  the  presence  of  a  trace  (less  than  0.1  mg.) 
langanese  and  a  trace  of  iron.  The  electrolyzed  solution  was 
Qined  for  zinc  colorimetricallv  by  means  of  dithizone  and  0.1 
or  less  was  found  to  be  present.  Lead,  tin,  silver,  and  cad- 
n  if  present  also  deposit,  causing  high  results  and  must  there- 
be  removed  prior  to  electrolysis. 

egularly  encountered  types  of  magnesium  alloys  were  ana- 
I  by  the  three  procedures  discussed ;  the  comparative  results 
<hown  in  Table  I.  The  reliability  of  the  method  is  shown  by 
Its  obtained  by  two  different  analysts  in  Table  II. 

DISCUSSION 

he  accuracy  of  the  direct  electrodeposition  of  zinc  in  magne- 
i  alloys  compares  favorably  with  that  of  the  zinc  oxide  or 
>cyanide  procedures  and  the  electrolytic  method  is  much 
r.  The  deposits  are  sufficiently  pure  and  quantitative  for 
ine  analytical  purposes,  as  shown  by  tests  of  the  zinc  plate 
|  the  electrolyzed  solution  which  was  composed  of  pure  salts 
‘d  in  known  amounts. 


The  zinc  deposit  is  bright,  metallic,  and  adherent,  but  is  easily 
oxidized  during  electrodeposition  if  the  copper-plated  electrode  is 
oxidized  or  during  the  drying  period  if  too  prolonged.  Nickel 
electrodes  give  slightly  more  consistent  results  and  avoid  the 
necessity  of  obtaining  good  copper  deposits  on  the  platinum 
electrodes.  The  current  is  best  turned  on  before  the  electrodes 
are  in  contact  with  the  electrolytic  solution,  to  avoid  any  tendency 
of  the  ammoniacal  solution  to  attack  the  copper  plate  or  nickel 
which  will  be  deposited  again  but  not  always  bright  and  free  of 
oxides. 

Elements  interfering  with  the  direct  deposition  of  zinc  are  sel¬ 
dom  encountered  in  appreciable  amounts.  Interference  of  cop¬ 
per  is  prevented  by  selective  solution,  so  that  the  copper  remains 
undissolved.  The  residue  need  not  be  filtered  for  routine  work 
unless  it  is  large.  Silver,  lead,  tin,  and  cadmium  are  not  present 
ordinarily.  The  first  three  elements  are  almost  completely  re¬ 
moved  from  solution  through  displacement  by  undissolved  mag¬ 
nesium  when  they  are  present  in  amounts  as  small  as  0.5  mg.  The 
insoluble  residue  is  removed  by  filtration.  However,  when  any 
or  all  of  these  elements  are  present  in  larger  quantities  or  as  alloy¬ 
ing  elements,  a  hydrogen  sulfide  separation  is  necessary.  The 
addition  of  hydrogen  sulfide  to  several  commercial  alloys  tested 
gave  no  visible  precipitate.  Iron  also  will  interfere  if  present, 
but,  fortunately,  it  is  present  only  as  a  trace  in  magnesium  alloys. 

SUMMARY 

The  rapid  routine  determination  of  zinc  in  magnesium  alloys  is 
accomplished  by  the  direct  electrolysis  of  the  samples,  after  se¬ 
lective  solution,  in  ammoniacal  medium.  The  elements  inter¬ 
fering  with  the  deposition  are  seldom  encountered  in  magnesium 
alloys  and  if  present  at  all  are  ordinarily  in  trace  quantities  and 
need  no  separation.  Significant  amounts  of  elements  which  are 
electrodeposited  in  acid  solution  must  be  separated.  A  hydro¬ 
gen  sulfide  precipitation  is  proposed. 

Deposition  is  rapid  and  quantitative  in  20  minutes  and  the  en¬ 
tire  determination  need  require  but  25  minutes.  The  electro¬ 
lytic  method  compares  favorably  with  the  accepted  procedure. 


Table  III.  Precision  Employing  Pure  Salts 

Amount  Added 


Zn 

Al 

Mn 

Mg 

Pb 

Found 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

10.0 

10.1 

10.0 

65.0 

2.5 

900 

9.9 

10.0 

65.0 

2.5 

900 

10.  1 

10.0 

65.0 

2.5 

900 

10.0 

10.0 

2.0 

11.6 
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Precision  and  Accuracy  of  Colorimetric  Procedures 
as  Analytical  Control  Methods 

Determination  of  Silica 

ALLEN  L.  OLSEN,  EDWIN  A.  GEE,  VERDA  McLENDON,  and  DELWIN  D.  BLUE 
Bureau  of  Mines,  Eastern  Experiment  Station,  College  Park,  Md. 


A  colorimetric  procedure  for  the  rapid  determination  of  small 
amounts  of  silica,  involving  the  reduction  of  the  silicomolybdate 
complex  to  the  intense  molybdenum  blue,  has  been  developed  to 
meet  the  special  requirements  of  analyzing  leach  liquors.  The  quan¬ 
tities  and  concentrations  of  reagents  specified  are  considered  to  be 
best  for  color  stability,  sensitivity,  and  speed  of  color  development. 
Factors  influencing  color  intensities  have  been  investigated,  and 
techniques  for  a  precision  and  accuracy  of  a  control  character  are 
described.  Precision  and  accuracy  studies  on  data  from  ordinary 
routine  analyses  of  leach  liquors  have  been  made.  The  average 
precision  measured  by  the  average  deviation  of  single  results  from 
the  mean  is  of  the  order  of  =*=1%,  while  the  over-all  accuracy  is  of 
the  order  of  ±1  %. 

PREVIOUS  article  (12)  outlined  an  experimental  pro¬ 
cedure  for  the  colorimetric  determination  of  aluminum  and 
described  the  requisite  techniques  for  precision  and  accuracy  of  a 
control  character. 

Further  studies  on  methods  of  analytical  control  have  re¬ 
sulted  in  the  development  of  a  procedure  for  the  colorimetric 
determination  of  silica.  This  is  a  modification  of  previously 
published  methods,  and  the  investigation  evaluates  the  factors 
that  influence  precision  and  accuracy  as  employed  in  routine 
analyses.  Statistical  reasoning  based  on  the  standard  deviation 
is  applied  to  the  acquired  data  ( 1 ). 

The  usual  procedure  for  the  colorimetric  determination  of 
soluble  silica  depends  on  either  the  formation  of  the  yellow  silico¬ 
molybdate  color  produced  when  ammonium  molybdate  reacts 
in  an  acid  media  with  the  soluble  silica  (/,  10,  13)  or  the  re¬ 
duction  of  the  silicomolybdate  complex  to  the  intense  molyb¬ 
denum  blue  color  (3,  7). 

Edwards  (5),  noting  the  difficulties  inherent  in  the  determina¬ 
tion  of  silica  in  calcined  alumina,  suggests  the  use  of  the  silico¬ 
molybdate  as  a  means  of  rapid  and  accurate  estimations  of  small 
amounts  of  silica. 

The  procedure  employing  the  formation  of  the  molybdenum 
°;u®,  .co^?r  was  selected  for  the  rapid  analysis  of  small  amounts 
of  silica  in  leach  liquors  in  pilot-plant  operations,  a  leaching  step 
m  the  lime-soda  process  for  the  extraction  of  alumina  from 
siliceous  bauxites  and  clays.  It  is  believed  that  an  extended 
sensitivity  of  the  reaction  will  be  reflected  in  more  accurate  re¬ 
sults.  The  interferences  cited  by  Knudson,  Juday,  and  Meloche 
(10)  were  not  present  in  the  sample. 

Kahler  (7)  develops  the  silicomolybdate  complex  by  the  use  of 
hydrochloric  acid,  considering  a  pH  range  of  2.4  to  2.7  as  op¬ 
timum  prior  to  reduction,  and  reduces  the  yellow  complex  with 
sodium  sulfite.  However,  this  method  is  unsatisfactory  for  the 
analysis  of  leach  liquors,  since  the  pH  (6.8)  of  the  final  solution 
closely  approaches  optimum  conditions  for  precipitation  of  alumi- 
num  hydroxide.  To  minimize  color  progression  and  prevent 
precipitation  of  aluminum  hydroxide,  an  organic  reducing  agent 
(8,  9)  has  been  investigated  and  found  to  be  applicable. 

The  recommended  quantities  and  concentrations  of  reagents 
in  the  following  procedure  are  considered  to  be  best  for  color 
stability,  sensitivity,  and  speed  of  color  development. 

ANALYTICAL  PROCEDURE 

Reagents.  Standard  Silica  Solution.  Dissolve  47.32  grams 
of  sodium  metasilicate  (Na2Si03.9H20)  in  1  liter  of  water  (1  ml.  = 
10  mg.  of  silica),  filter,  and  standardize  gravimetrically  (6). 
Store  in  rubber  bottle  (14). 


Working  Standard.  Dilute  2  ml.  of  standard  to  1000  ml.  (1  m 
0.02  mg.  of  silica)  and  store  in  a  rubber  bottle. 

Reducing  Solution.  Dissolve  2  grams  of  1,2,4-aminona 
tholsulfonic  acid,  120  grams  of  sodium  metabisulfite,  and 
grams  of  sodium  sulfite  in  water  and  dilute  to  1  liter.  St 
solution  in  a  dark  bottle  in  a  cool  place. 

Ammonium  molybdate,  5%  solution  in  water.  Hydrochli 
acid,  0.5  N. 

Indicator,  2,4-dinitrophenol  or  2,6-dinitrophenol.  Satura 
solution  in  water. 

Ammonia  Gas.  Bubble  clean  air  through  ammonium 
droxide. 

Procedure.  Discharge  an  aliquot  of  the  acidified  soluti 
containing  0.02  to  0.10  mg.  of  silica,  into  a  25-ml.  calibra 
blood-sugar  test  tube  (12)  by  means  of  a  pipet.  Add  2  or  3  dr 
of  indicator,  and  bubble  ammonia  gas  into  the  solution  to 
yellow  end  point.  Add  5  ml.  of  0.5  N  hydrochloric  acid  i 
enough  distilled  water  to  bring  the  meniscus  to  the  25-ml.  ma 
and  mix  the  contents  of  the  tube  thoroughly.  Add  2  ml. 
ammonium  molybdate  by  means  of  a  pipet,  mix  thorougl 
and  permit  the  solution  to  stand  5  minutes.  Add  3  ml.  of 
ducing  solution  by  means  of  a  pipet,  mix  again,  and  determ 
the  color  absorption  with  the  Klett-Summerson  photoelecl 
colorimeter  equipped  with  a  filter  having  a  transmission  rai 
of  640  to  700  m n.  It  is  absolutely  essential  to  rim  a  blank 
the  reagents,  the  correction  being  applied  to  the  colorime 
reading. 

A  standardization  curve  is  prepared  from  a  series  of  points 
known  silica  content.  Since  the  curve  is  linear  throughout 
concentration  range  used  in  this  study  (0.01  to  0.28  mg.  of  silk 
it  will  be  found  convenient  to  calculate  a  conversion  fact 
A  quantity,  in  triplicate,  of  the  working  standard,  2  or  3  ml. 
discharged  into  blood-sugar  test  tubes  and  the  color  is  produ 
in  the  usual  manner.  After  the  blank  correction  is  made,  t 
scale  division  is  evaluated  in  terms  of  milligrams  of  silica. 

The  conversion  factor  used  in  this  investigation,  0.000311  r 
of  silica  per  scale  division,  should  not  be  selected  as  an  arbitn 
constant  since  the  value  of  the  factor  would  not  necessarily  h 
for  other  instruments.  A  factor  must  be  regarded  as  valid  oi 
under  the  conditions  of  calibration. 

The  product  of  a  given  scale  reading  and  0.002,  an  arbitrar 
selected  proportionality  factor  (14),  results  in  an  approxim; 
density  reading  where  density  =  log  1  /transmission. 

FACTORS  INFLUENCING  RESULTS 

In  a  study  on  the  reproducibilities  of  blanks,  the  foregoi 
procedure  was  applied  to  several  milliliters  of  slightly  acidifk 
distilled  water.  It  has  been  found  that  the  presence  of  ii 
purities  on  walls  of  blood-sugar  test  tubes,  supposedly  chei 
ically  clean,  has  a  pronounced  effect  upon  the  colorimeter  rea 
ing.  It  is  highly  advisable  to  label  new  test  tubes  and  use  the 
specifically  for  colorimetric  silica.  Chromic-sulfuric  acid  mi 
ture  effectively  cleans  the  new  tubes;  the  use  of  alkaline  cleani 
mixture  not  only  is  unnecessary  but  is  inadvisable,  since  etch 
surfaces  induce  irregular  results.  It  is  extremely  imports 
to  make  blank  corrections  in  routine  analyses,  as  impuriti 
in  test  tubes  and/or  reagents  can  markedly  affect  the  fin 
reading. 

The  instability  of  the  blue  color  has  been  cited  (2,  10)  as  i 
objection  to  the  use  of  reduced  silicomolybdate  in  colorimeti 
silica.  As  shown  in  Table  I,  the  color  is  stable  for  several  houi 
In  this  particular  range  of  the  colorimeter  scale,  the  2-unit  i 
crease  in  reading  represents  one  scale  division. 
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Table  1.  Stability  of  Molybdenum  Blue 

(Colorimeter  readings  on  standard  silica,  uncorrected  for  blank) 

lapsed  Time,  Minutes 

No.  1 

No.  2 

No.  3 

0 

206 

208 

208 

15 

206 

206 

208 

30 

206 

208 

208 

45 

208 

208 

210 

60 

208 

208 

210 

90 

210 

210 

210 

120 

210 

208 

210 

165 

210 

210 

210 

195 

210 

210 

210 

255 

212 

212 

212 

315 

212 

212 

214 

Overnight 

264 

260 

268 

Table  II.  Effect  of  pH  on  Colorimeter  Reading 


Color  (End  of 

Colorimeter 

Titration), 

pH 

Reading 

nple 

2,6-Dinitro- 

Final 

(Corrected 

Error, 

To. 

phenol 

25  ml. 

volume 

for  Blank) 

% 

Standard  Soluble  Silica:  0.0590 

mg.  of  Si02 

Very  faint  yellow 

1.02 

1.98 

188 

-0.5 

* 

Very  light  yellow 

1.01 

1.99 

188 

-0.5 

; 

Light  yellow 

1.02 

1.99 

188 

-0.5 

Yellow 

1.04 

2.02 

189 

0 

> 

Deep  yellow 

1.06 

2.08 

189 

0 

1 

Deep  yellow 

1.21 

2.39 

185 

-2.1 

Standard  Soluble  Silica: 

0.0590  mg.  of  Si02  and  Ions® 

a 

Very  faint  yellow 

1.02 

1.91 

189 

0 

!a 

Faint  yellow 

1.07 

1.98 

188 

-0.5 

i a , 

Light  yellow 

1.10 

2.04 

185 

-2.1 

ia 

Yellow 

1.11 

2.11 

183 

-3.2 

•a 

Yellow 

1.18 

2.20 

180 

-4.7 

»a 

Yellow 

1.27 

2.42 

177 

-6.3 

1  ml.  of  standard  =  0.01  mg. 

of  Si02  +  10 

mg.  of  A1203  + 

10  mg.  of 

O  (Si02:Al203  =  0.1%). 

Since  the  pH  in  this  analytical  procedure  is  critical,  it  becomes 
essary  to  adjust  all  samples  to  approximately  the  same 
Irogen-ion  concentration.  In  the  presence  of  a  suitable 
icator  the  previously  acidified  aliquot  is  neutralized  with 
eous  ammonia,  a  technique  designed  to  eliminate  the  intro- 
■tion  of  measurable  amounts  of  silica  in  the  use  of  dilute 
monium  hydroxide.  Either  2,4-dinitrophenol  (pH  2.6  to 
)  or  2,6-dinitrophenol  (pH  2.0  to  4.0,  11)  may  be  used  as  the 
icator,  since  the  yellow  color  changes  to  colorless  at  about  pH 
hereby  resulting  in  no  complications  from  added  color. 

The  effect  of  varying  degrees  of  neutralization  on  standard 
able  silica  with  and  without  the  addition  of  aluminum  and 
ium  ions  was  studied  in  terms  of  the  resultant  colorimeter 
ding.  In  Table  II,  six  test  tubes,  corresponding  to  samples 
j  6,  each  contained  3  ml.  of  working  standard  and  each  sample 
s  treated  with  successively  greater  amounts  of  ammonia  gas. 
appears  that  the  end  point  is  not  easily  overstepped  in  the 
e  of  the  standard.  Only  sample  6  shows  appreciable  changes, 
carrying  out  a  titration,  two-color  changes  usually  are  ob- 
ved,  first  a  light  yellow  and  next  a  deep  yellow.  A  satis- 
tory  procedure  is  established  by  stopping  the  titration  at  the 
learance  of  a  faint  yellow  since,  on  rinsing  the  gas  tube,  the 
idual  ammonia  gas  changes  the  color  to  a  deep  yellow. 

The  pH  of  these  solutions  was  measured  by  means  of  a  glass 
strode  and  Beckman  pH  meter  after  dilution  had  brought 
meniscus  to  the  25-ml.  mark  and  after  all  ingredients  had 
n  added.  The  numerical  value  for  pH,  although  not  initially 
ected  in  the  colorimetric  reading,  shows  a  gradual  change  as 
series  is  descended.  Only  No.  6,  representing  a  definite 
ess  of  ammonia,  shows  significant  changes.  In  ordinary 
oratory  practice,  it  is  doubtful  if  titration  would  be  carried  to 
j  extremes  of  Nos.  5  and  6. 

The  second  set  of  test  tubes  in  Table  II,  samples  la  to  6a,  rep¬ 
ents  a  study  on  the  effect  of  varying  degrees  of  neutralization 
standard  soluble  silica  in  the  presence  of  aluminum  and 
ium  ions.  Aluminum  chloride  hexahydrate  and  sodium 
oride  were  added  to  the  working  standard  in  amounts  cal- 
ated  to  contain  10  mg.  per  ml.  each  of  aluminum  trioxide  and 
ium  oxide.  Blank  determinations  with  and  without  the  ad¬ 


dition  of  aluminum  and  sodium  ions  indicated  the  absence  of 
soluble  silica  in  these  reagents. 

The  data  in  the  second  part  of  Table  II  indicate  that  the 
overstepping  of  end  point  of  the  standard  in  the  presence  of 
these  ions  results  in  decreased  accuracy  of  a  negative  order. 
The  intensity  of  yellow  in  tubes  la  and  2a  was  obtained  by  stop¬ 
ping  the  titration  at  the  appearance  of  a  white  precipitate, 
aluminum  hydroxide,  with  no  evidence  of  yellow  color,  and 
flushing  out  the  residual  gas  in  the  tube  with  a  small  amount  of 
water.  The  formation  of  this  precipitate  probably  results  from 
localized  neutralization;  however,  since  the  precipitate  dis¬ 
appears  on  shaking  the  tube,  its  presence  does  not  appreciably 
impair  the  value  of  the  procedure.  The  samples  in  the  remain¬ 
ing  tubes  were  titrated  to  various  shades  of  yellow  before  the 
residual  ammonia  gas  was  rinsed  out.  However,  the  Al203:Si02 
ratio  in  this  synthetic  mixture  is  much  higher  than  that  usually 
encountered  in  routine  analysis. 

PRECISION  AND  ACCURACY 

The  precision  of  the  colorimetric  method  may  be  studied  by 
applying  the  procedure  to  the  analysis  of  leach  liquors.  Three 
typical  leach  liquors  previously  acidified  and  diluted  (10  ml. 
in  250  ml.)  were  selected,  and  a  1-ml.  portion  of  each  sample  was 
taken  for  analysis.  The  silica  content  was  measured  over  a 
period  of  several  days.  Table  III  shows  what  might  be  ex¬ 
pected  in  the  way  of  precision  for  10  determinations  on  each 
sample.  The  method  of  evaluating  the  factor  of  precision  is 
that  derived  from  consideration  of  results  set  up  by  A.S.T.M. 
( 1 ).  The  accuracy  of  the  method  is  determined  by  making  a 
comparative  study  of  standard  soluble  silica  with  and  without 
the  addition  of  aluminum  and  sodium  ions  (Table  IV). 

DISCUSSION 

In  computing  the  ±  values  for  the  results  in  Table  III,  a 
value  for  a  was  chosen  such  that,  in  99  chances  out  of  100,  one 


Table  III. 

Precision  of  Method  under  Routine  Conditions 

(Analysis  of  leach  solutions,  colorimetric  silica) 

- Sample  1 - ■. 

Sample  2, 

Sample  3, 

Test  No. 

Total  Si(_>2 

d  d^X  10» 

Total  Si02 

Total  SiOz 

Mg. 

Mg. 

Mg. 

1 

0.0899 

-0.0002  4 

0.1240 

0.1581 

2 

0 . 0899 

-0.0002  4 

0.1256 

0.1550 

3 

0 . 0893 

-0.0008  64 

0.1240 

0.1550 

4 

0.0915 

+  0.0014  196 

0.1256 

0.1550 

5 

0.0899 

-0.0002  4 

0.1240 

0.1581 

6 

0.0899 

-0.0002  4 

0.1256 

0.1581 

7 

0.0899 

-0.0002  4 

0.1240 

0.1581 

8 

0 . 0899 

-0.0002  4 

0.1240 

0.1550 

9 

0  0893 

-0.0008  64 

0.1225 

0.1550 

10 

0.0915 

+  0.0014  196 

0.1240 

0.1550 

Av.  =  X  = 

0.0901 

=  0.1243 

=  0.1562 

Zd*  = 

544  X 

=  885  X 

=  2308  X 

10~8 

10-* 

io-» 

.fed2 

oro  =  \ -  = 

0.0007 

=  0.0009 

=  0.0015 

"  10 

X  =*=  a  a  = 

0.0901 ± 

=  0. 1243  ± 

=  0.1562  ± 

0.0008 

* 

0.0010 

0.0016 

< Ps 

=  0.99,  10  observations) 

Table  IV. 

Accuracy  of  Method  und 

er  Routine  Conditions 

(Colorimetric  silica) 

Sample 

Analysis,  Total  Silica 

No. 

Si02:Al2O3 

Calculated 

Found 

Error 

% 

Mg. 

Mg. 

% 

1 

0.1 

0.0393 

0.0392 

+  0.3 

2 

0.1 

0.0590 

0.0587 

-0.6 

3 

0.1 

0.0786 

0.0778 

-1.1 

4 

0.5 

0.0590 

0.0589 

-0.2 

5 

1.0 

0.0590 

0.0590 

0 

6 

1.0 

0.0590 

0.0590 

0 

7 

1.0 

0.0590 

0.0596 

+  1.2 

8 

1.0 

0.0590 

0.0590 

0 

9 

2.0 

0.0590 

0.0593 

+  0.8 

10 

3.0 

0.0590 

0.0593 

+  0.8 

11 

4.0 

0.0590 

0.0593 

+  0.8 

12 

5.0 

0.0590 

0.0593 

+  0.8 
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might  expect  the  ranges  bounded  by  the  computed  limits  to  in¬ 
clude,  of  the  universe  sampled,  the  objective  average,  X'. 

From  a  consideration  of  the  data  in  Table  IV,  it  is  apparent 
that  the  over-all  accuracy  is  of  the  order  of  2%.  Since  the 
Si02:Al203  ratio  markedly  affects  the  accuracy,  it  is  believed 
that  the  ratios  investigated  in  Table  IV  cover  the  ranges  usually 
encountered  in  routine  work.  Repetition  of  0.0590  mg.  of  silica 
per  ml.  in  this  study  is  explained  by  the  fact  that  this  con¬ 
centration  provides  a  reading  in  the  most  satisfactory  portion 
of  the  scale  for  colorimetric  measurement  (200).  For  this 
study,  3  ml.  of  working  standard  were  admixed  with  varying 
proportions  of  aluminum  and  sodium  ions.  In  the  range  of 
0.1%  (Si02:Al203),  the  results  invariably  are  low,  probably  in¬ 
dicating  that  the  end  point  had  been  overstepped.  In  the 
range  of  low  silica  to  high  alumina  ratios,  the  color  change  in 
the  titration  procedure  is  not  too  abrupt.  In  this  regard  it 
has  been  found  that  2,6-dinitrophenol,  owing  to  depth  of  color, 
furnishes  a  more  distinct  end  point  than  2,4-dinitrophenol. 
However,  in  the  range  of  1.0  to  5.0%,  no  particular  difficulty  is 
experienced  in  observing  color  changes  of  the  indicator. 
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Determination  of  Fatty  Acid  Monoesters  of  /-Ascorbic  am 

c/-lsoascorbic  Acids  in  Fats  and  Oils 
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The  2,6-dichlorophenolindophenol  reagent  in  acetone  can  be  suc¬ 
cessfully  used  for  the  determination  of  the  fatty  acid  monoesters  of 
/-ascorbic  and  c/-isoascorbic  acids  in  fat  and  oil  substrates. 

MONOESTERS  of  /-ascorbic  and  d-isoascorbic  acids  have 
been  prepared  (4)  by  direct  esterification  of  the  ascorbic 
acids  with  fatty  acids.  According  to  the  experimental  evidence, 
the  esterification  probably  takes  place  on  the  primary  alcohol 
group  of  the  ascorbic  acids,  as  illustrated  by  the  following  formu¬ 
las: 
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CH2OOC(CH2)14CH3 
Z-Ascorbyl  palmitate 
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CH2OOC(CH2)I4CH3 
d-Isoascorbyl  palmitate 


In  previous  work  in  this  laboratory  (2)  it  was  found  that  these 
ascorbyl  esters  were  effective  antioxidants  for  fats  and  oils.  (For 
convenience  of  expression,  the  fatty  acid  monoesters  of  /-ascorbic 
acid  and  d-isoascorbic  acid  are  referred  to  in  this  paper  as  the 
ascorbyl  esters.  It  has  been  suggested  that  these  esters  be  named 
as  derivatives  of  the  ascorbic  acids — for  example,  palmitoyl  /-as¬ 


corbic  and  palmitoyl  d-isoascorbic  acids.)  In  connection  with  a 
investigation  of  the  antioxidant  action  of  the  ascorbyl  esters,  tl 
results  of  which  will  be  published  later,  it  was  essential  to  have  a 
analytical  method  for  determining  ascorbyl  esters  in  fat  sul 
strates. 

Ascorbyl  esters  are  somewhat  soluble  in  fats  and  oils  but  ii 
soluble  in  water,  whereas  the  ascorbic  acids  are  insoluble  in  fal 
and  oils  but  very  soluble  in  water.  Since  the  ene-diol  group 
unchanged  when  ascorbic  acid  is  converted  to  the  monoesti 
(4),  the  methods  for  determining  ascorbic  acid  which  are  di 
pendent  upon  the  reactivity  of  the  ene-diol  group  should  be  ap 
plicable  for  the  determination  of  the  ascorbyl  ester.  One  metho 
that  has  been  used  for  determining  ascorbic  acid  involves  titrr 
tion  with  iodine  solution  (3).  It  is  obvious,  however,  that  thi 
method  would  be  unsuitable  with  fat  and  oil  substrates,  sine 
these  contain  unsaturated  groups,  which  absorb  iodine.  The  mos 
widely  used  method  today  is  that  originally  suggested  b; 
Tillmans  (5),  in  which  the  ascorbic  acid  in  aqueous  solutioi 
is  titrated  with  2,6-dichlorophenolindophenol.  In  order  t 
use  this  method  for  ascorbyl  esters  in  fat  substrates,  considerabl 
modification  was  necessary,  since  these  esters  are  insoluble  ii 
water.  Various  solvents  (absolute  ethyl  alcohol,  ethyl  ether,  di 
oxane,  and  acetone)  were  tried  and  acetone  was  found  to  be  prefer 
able. 


STANDARDIZATION 

Standardization  of  the  indophenol  solution  is  carried  out  a 
follows:  A  known  amount  of  the  sodium  salt  of  2,6-dichloro 
phenolindophenol  is  dissolved  in  dry  acetone  of  America.1' 
Chemical  Society  grade.  A  solution  containing  0.25  gram  o 
the  indophenol  salt  in  1  liter  of  acetone  may  be  used  for  deter 
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filiations  of  quantities  of  ascorbyl  esters  up  to  10  mg.  Since 
jis  procedure  was  developed  for  analysis  of  ascorbyl  esters  in  fat 
Ibstrates,  the  solution  of  indophenol  salt  is  standardized  by 
ration  against  a  known  quantity  of  pure  ascorbyl  ester  dis¬ 
ked  in  acetone  and  containing  an  amount  of  fat  substrate  com- 
rable  to  that  used  in  an  actual  determination. 

Fifty  milligrams  of  the  pure  ascorbyl  ester  (dried  under 
cuum  at  60°  C.)  are  dissolved  in  dry  acetone  and  made  up  to 
/olume  of  exactly  100  ml.  A  10-ml.  aliquot  (5  mg.  of  ascorbyl 
;er)  is  added  to  a  125-ml.  Erlenmeyer  flask  containing  the  fat 
(  oil  in  quantities  roughly  the  same  as  those  present  in  samples 
isd  in  actual  determinations  (0.6  to  5.0  grams).  The  fat  or  oil 
ad  in  the  standardization  should  be  free  from  peroxides,  since 
was  found  that  peroxides  oxidized  ascorbyl  esters  and  there- 
•e  resulted  in  lower  indophenol  titration  values.  The  peroxides 
re  determined  iodometrically  ( 1 ).  The  10-ml.  aliquot  is 
rated  with  the  indophenol  solution.  (A  mixture  of  glycerol 
d  graphite  proved  satisfactory  as  a  lubricant  for  the  buret 
jpcock  when  using  acetone  solution.)  At  first,  a  lingering  red 
or  is  obtained  which  gradually  disappears.  Upon  further 
dition  of  the  indophenol  solution,  a  blue  color  is  formed,  which 
les  rapidly.  The  titration  is  continued  until  a  blue  or  reddish- 
le  color  persists  for  1  minute.  This  is  taken  as  the  end  point, 
e  reaction  is  believed  to  be  as  follows : 


ANALYTICAL  PROCEDURE 

Determination  of  the  ascorbyl  esters  in  fat  substrates  is  carried 
out  as  follows: 

The  fat  or  oil  containing  from  0.1  to  10  mg.  of  ascorbyl  esters 
per  gram  of  sample  is  weighed  out  into  a  125-ml.  Erlenmeyer 
flask  and  dissolved  in  10  ml.  of  acetone.  This  solution  is  then 
titrated  with  the  standardized  indophenol  reagent  in  a  manner 
similar  to  that  described  for  the  standardization.  The  results 
may  be  calculated  by  the  following  formula: 

]\T  x  E 

Mg.  of  ascorbyl  ester  per  gram  of  sample  = - ^ — 

Cr 

where  M  =  milliliters  of  indophenol  solution  used  for  the  titra¬ 
tion  of  sample,  E  =  milligrams  of  ascorbyl  ester  equivalent  to  1 
ml.  of  indophenol  solution,  and  G  =  weight  of  sample  in  grams. 

If  it  is  desired  to  express  the  ester  concentration  in  percentage, 
the  value  obtained  may  be  divided  by  10. 

Several  precautions  must  be  observed  in  this  method.  The 
ascorbyl  esters  react  slowly  with  acetone.  This  reaction  is  negli¬ 
gible  for  the  first  hour.  Therefore,  for  each  standardization,  it  is 
necessary  to  make  up  a  new  solution  of  ascorbyl  ester.  The 


Cl 


*=<^  ^=N — <f  \-ONa 

Cl 


+ 


Red 

(acid) 


O 


c- 


A- 


-OH 

II 

C— OH 

I 

HC - 


HCOH 

Jj- 


O 


H2C— oocr 

Ascorbyl  ester 


-> 


Colorless 


O 


C- 


+ 


c=o 

c=o 

I 

HC - 


O 


HCOH 

I 

h2c— oocr 


Dehydroascorbyl  ester 


The  strength  of  the  solution  may  be  expressed  in  milligrams  of 
orbic  acid  or  ascorbyl  ester  equivalent  to  1  ml.  of  the  indo- 
:nol  solution.  Since  known  esters  were  used  in  this  investiga- 
a,  the  results  are  expressed  in  terms  of  ascorbyl  ester. 


>le  I.  Determination  of  Known  Quantities  of  Ascorbyl  Esters 
in  Fat  and  Oil  Substrates 


Indo¬ 
phenol  Ascorbyl 


Sample 

Titra¬ 

Ester 

ub- 

Ascorbyl  Weight, 

tion, 

Equiva- 

Ascorbyl  Ester 

:ate 

Ester  Added 

G 

M 

E 

Found 

Added 

Grams 

Ml. 

Mg. 

Mg./g. 

Mg./g. 

5.000 

13.10 

0.384 

1.01 

1.00 

2.500 

6.60 

0.384 

1.01 

1.00 

1.000 

3.30 

0.384 

1.27 

1.25 

1.000 

1.35 

0.384 

0.52 

0.50 

1.000 

0.60 

0.384 

0.23 

0.25 

d 

d-Isoascorbyl 

0.634 

8.78“ 

0.714 

9.88 

10.0 

palmitate 

1 . 269 6 

3.35 

0.388 

1.02 

1.00 

0.619*> 

8.76“ 

0.714 

10.1 

10.0 

1 . 226  c 

3.15 

0.388 

1.00 

1.00 

1.740* 

4.30 

0.412 

1.02 

1.00 

0.568* 

8.00“ 

0.714 

10.1 

10.0 

n  oil 

d-Isoascorbyl 

0.7770 

1.78 

0.428 

0.98 

1.00 

palmitate 

2.146 

4.98 

0.428 

0.99 

1.00 

1.000 

7.02 

0.362 

2.54 

2.50 

1.000 

4.28 

0.362 

1.55 

1.50 

1.000 

1.39 

0.362 

0.50 

0.50 

1.000 

0.62 

0.362 

0.22 

0.25 

d 

Z-Ascorbyl 

1.000 

0.31 

0.362 

0.11 

0.13 

palmitate 

0.93206 

2.38 

0.388 

0.99 

1.00 

1 . 372“ 

3.60 

0.388 

1.02 

1.00 

1.498* 

3.70 

0.423 

1.04 

1.00 

n  oil 

Z-Ascorbyl 

0 . 6480 

1.50 

0.428 

0.99 

1.00 

palmitate 

2.225 

5.25 

0.428 

1.01 

1.00 

Reagent  contained  about  0.45  gram  of  indophenol  salt  per  liter  of  ace- 
e. 

Contained  0.03%  added  soya  phospholipids. 

1  Contained  0.01%  added  a-tocopherol. 

Contained  0.03%  added  §oya  phospholipids  and  0.01%  a-tocopherol. 


strength  of  the  indophenol-acetone  solution  was  found  to  be 
unchanged  after  2  weeks.  However,  the  solution  was  standard¬ 
ized  daily. 

Because  of  the  change  in  volume  of  the  acetone  solution  with 
fluctuations  in  temperature,  the  determination  and  standardiza¬ 
tion  should  be  carried  out  at  the  same  temperature. 

A  persistent  red  color,  which  interferes  with  the  end  point,  may 
be  formed  after  the  initial  addition  of  indophenol.  The  addition 
of  about  0.1  gram  of  solid  sodium  bicarbonate,  which  neutralizes 
any  acid  present,  causes  this  interfering  red  color  to  disappear,  if 
ascorbyl  ester,  is  present. 

RESULTS 

The  application  of  this  procedure  to  samples  of  lard  and  corn 
oil  containing  known  quantities  of  ascorbyl  palmitates  is  illus¬ 
trated  in  Table  I. 

The  data  in  the  table  indicate  that  the  proposed  method  can  be 
used  for  the  determination  of  the  ascorbyl  palmitates  in  con¬ 
centrations  between  0.1  and  10  mg.  per  gram  of  sample  (0.01  to 
1.0%).  The  presence  of  tocopherol  or  phospholipids  does  not 
interfere  with  the  determination.  Tests  on  ascorbyl  monostear¬ 
ates  were  made,  and  comparable  results  obtained. 

LITERATURE  CITED 

(1)  Riemenschneider,  R.  W.,  Turer,  J.,  and  Speck,  R.  M.,  Oil  and 

Soap ,  20,  169(1943). 

(2)  Riemenschneider,  R.  W.,  Turer,  J.,  Wells,  P.  A.,  and  Ault,  W.  C., 

Ibid.,  21,  47  (1944). 

(3)  Stevens,  J.  W.,  Ind.  Eng.  Chem.,  Anal.  Ed.,  10,  269-72  (1938). 

(4)  Swern,  D.,  Stirton,  A.  J.,  Turer,  J.,  and  Wells,  P.  A.,  Oil  and 

Soap,  20,  224  (1943). 

(5)  Tillmans,  J.,  Z.  Untersuch.  Lebensm.,  54,  33  (1927). 

Taken  in  part  from  material  submitted  by  J.  Turer  to  the  University  of 
Maryland  in  partial  fulfillment  of  requirements  for  the  degree  of  master  of 
science. 


Further  Studies  of  the  Molybdenum  Blue  Reaction 

R.  E.  KITSON  WITH  M.  G.  MELLON,  Purdue  University,  Lafayette,  Ind. 


As  a  result  of  a  spectrophotometric  study  of  the  determination  of 
phosphorus,  a  modified  A.O.A.C.  procedure  is  presented  which 
gives  solutions  of  greater  color  stability  and  of  equal  color  intensity. 
The  work  includes  a  determination  of  the  effects  of  the  following 
variables:  reagent  concentration,  temperature  of  color  develop¬ 
ment,  order  of  addition  of  reagents,  phosphorus  concentration,  and 
sixty  diverse  ions. 

ONE  of  the  most  frequently  used  methods  for  the  colorimetric 
determination  of  phosphates  is  the  so-called  molybdenum 
blue  procedure,  which  depends  upon  the  formation  of  molybdi- 
phosphoric  acid,  with  subsequent  reduction  to  a  blue  system  of 
uncertain  composition.  As  the  blue  color  formed  is  unstable, 
many  modifications  have  been  suggested  in  the  effort  to  get  a 
more  nearly  stable  system.  Woods  and  Mellon  (3)  give  a  review 
of  some  past  work,  together  with  the  results  of  a  spectrophoto¬ 
metric  study  of  some  of  the  methods. 

In  a  recent  article  Stoloff  (8)  proposed  a  modification  of  the 
official  A.O.A.C.  method  ( 1 ),  which  he  stated  gave  a  stable 
color.  He  claims  that  both  the  stability  and  color  intensity  with 
the  A.O.A.C.  method  are  greatest  when  the  final  pH  of  the 
colored  system  is  between  4.0  and  4.7,  and  proposes  use  of  a 
sodium  succinate  buffer  in  preference  to  the  sodium  sulfite  recom¬ 
mended  in  the  official  method. 

Although  the  work  described  here  was  started  to  check  Stoloff’s 
conclusions,  the  preliminary  results  led  to  study  of  the  A.O.A.C. 
method. 


ml.  Nitrate,  sulfate,  and  acetate  salts  were  used  for  the  catioi 
and  sodium,  potassium,  and  ammonium  salts  were  used  for  t 
anions. 

Stability  of  Solutions  Prepared  by  A.O.A.C.  Method  a 
Stoloff’s  Modification.  To  check  the  A.O.A.C.  method,  a  i 
ries  of  molybdenum  blue  solutions  of  varying  phosphorus  concc 
tration  was  prepared  following  A.O.A.C.  directions  ( 1 ).  T 
transmittancy  curves  of  the  solutions  were  determined  0.5  ho 
after  the  addition  of  the  reductant,  and  at  definite  time  interv: 
thereafter.  The  solutions  show  some  increase  in  color  intensi 
on  standing.  Although  the  error  thus  produced  is  not  serioi 
it  seemed  that  more  stable  solutions  might  be  found. 

A  similar  experiment,  using  Stoloff’s  modification  of  t 
A.O.A.C.  method,  showed  the  color  to  be  slightly  more  stal 
than  that  secured  by  the  A.O.A.C.  method.  The  maximu 
color  is  not  developed,  however;  when  it  is  developed  by  additi 
of  more  succinate  solution,  the  color  fades  rapidly. 

Stoloff  states  that  3  ml.  of  20%  sodium  sulfite  may  be  su 
stituted  for  the  sodium  succinate  in  his  modified  procedui 
Maximum  color  is  so  developed,  but  the  solutions  fade  rapidly. 

The  data  in  Table  I  show,  in  terms  of  per  cent  transmittanci 
at  650  m/i,  the  relative  stability  of  three  concentrations  of  sol 
tions  prepared  under  four  different  sets  of  conditions. 

Effect  of  pH  on  Stability  of  Color.  The  following  expe 
mental  procedure  was  used  to  study  the  effect  of  the  final  pH  ( 
the  colorimetric  stability  of  the  molybdenum  blue  solutions. 


EXPERIMENTAL  WORK 

Apparatus  and  Solutions.  Transmittancy  measurements 
were  made  in  1.000-cm.  cells  with  a  General  Electric  recording 
spectrophotometer  adjusted  for  a  spectral  band  width  of  10  m/i. 
All  pH  determinations  were  made  with  a  glass  electrode.  Since 
errbr  due  to  small  amounts  of  silica  in  the  reagents  was  always 
possible,  and  since  the  molybdate  reagent  possessed  a  slight 
yellow  color,  the  blanks  in  the  reference  beam  of  the  spectro¬ 
photometer  contained  compensating  amounts  of  such  materials. 

A  standard  phosphate  solution  containing  0.1  mg.  of  phos¬ 
phorus  per  ml.  was  prepared  by  dissolving  0.4394  gram  of  twice- 
recrystallized  potassium  dihydrogen  phosphate  in  redistilled 
water  and  diluting  to  1  liter. 

Two  ammonium  molybdate  solutions  were  prepared,  differing 
only  in  acidity.  The  solution  recommended  by  the  A.O.A.C.  ( 1 ) 
was  prepared  by  dissolving  5.0  grams  of  c.p.  ammonium  molyb¬ 
date,  “(NHj)6Mo7024'4H20”,  in  60  ml.  of  water,  and  adding  to 
this  solution  one  containing  15  ml.  of  concentrated  sulfuric  acid 
in  40  ml.  of  wa,ter.  Stoloff’s  solution  (5),  1  N  in  sulfuric  acid,  was 
prepared  by  dissolving  5.0  grams  of  c.p.  ammonium  molybdate  in 
approximately  80  ml.  of  warm  (50°  C.)  water,  adding  2.8  ml.  of 
concentrated  sulfuric  acid  to  the  cooled  solution,  and  diluting  to 
100  ml.  with  water.  This  solution  should  not  be  used  if  a  white 
residue  has  settled  from  it. 

To  stabilize  the  0.5%  solution  of  hydroquinone,  one  drop  of 
concentrated  sulfuric  acid  was  added”  per  100  ml.  of  solution. 

Two  sodium  sulfite  solutions  were  prepared.  One  contained 
200  grams  and  the  other  110  grams  of  c.p.  sodium  sulfite  per  liter 
of  solution.  The  former  has  been  designated  by  some  as  a  20% 
solution;  although  this  designation  is  not  strictly  correct,  it  was 
retained  and  extended  to  the  other  reagents. 

A  sulfite-carbonate  solution  was  made  by  dissolving  160 
grams  of  c.p.  sodium  carbonate  in  800  ml.  of  water,  adding  a  solu¬ 
tion  of  30  grams  of  c.p.  sodium  sulfite  in  150  ml.  of  water,  and 
diluting  the  whole  to  1  liter. 

A  solution  of  sodium  acetate  was  prepared  by  dissolving  200 
grams  of  c.p.  sodium  acetate  trihydrate  in  water  and  diluting  to  1 
liter.  A  solution  of  sodium  succinate  (E.K.  No.  1219)  was  pre¬ 
pared  similarly.  An  0.8  M  solution  of  boric  acid  was  made  from 
recrystallized  acid. 

To  observe  the  effect  of  60  diverse  ions  on  the  color  reaction, 
standard  solutions  were  prepared  containing  10  mg.  of  the  ion  per 


Table  I.  Stability  of  Solutions  Prepared  under  Different  Conditio 


Procedure 

Time 

Hours 

pH 

A.O.A.C. 

0.5 

1.6 

(sulfite) 

4 

1.6 

Stoloff 

0 

2.3 

(succinate) 

4 

2.3 

0 

4.7 

4 

4.7 

Stoloff 

0 

6.5 

(sulfite) 

4 

6.5 

Recommended 

0 

3.5 

(sulfite) 

4 

3.5 

■Trans  mittancy- 


2  p.p.m.  P 

5  p.p.m.  P 

10  p.p.m. 

% 

% 

% 

60.4 

27.5 

7.2 

59.0 

25.9 

5.9 

73.0 

49.2 

28.7 

72.5 

48.0 

26.9 

... 

... 

10.0 

... 

20.4 

62.5 

31.4 

10.0 

73.0 

48.7 

30.0 

62.4 

30.5° 

9.5 

62.4 

30.1° 

9.3 

“  pH  was  4.5  for  this  concentration. 
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Five  milliliters  of  the  phosphate  solution  were  pipetted  into  a 
00-ml.  volumetric  flask,  followed  by  about  25  ml.  of  water  and  8 
ll.  of  the  5%  molybdate  solution  1  N  in  acid.  This  solution  was 
horoughly  mixed  and  allowed  to  sit  a  few  minutes.  After  adding 
ml.  of  hydroquinone  solution,  mixing,  and  allowing  the  system 
o  stand  a  short  time,  the  desired  amount  of  buffer  was  added, 
be  solution  was  diluted  to  the  mark  with  water,  and  the  spectral 

transmission  curve  was  determined.  The  pH  was  then  measured, 
nd  the  remainder  of  the  solution  allowed  to  stand  measured 
itervals  of  time,  after  which  either  the  entire  transmittancy 
urve  or  the  transmittancy  at  650  m/x  was  redetermined. 

When  sodium  sulfite  was  used  as  a  buffer,  30  minutes  were 
flowed  to  elapse  between  addition  of  the  reductant  and  measure- 
lent  of  the  transmittancy  curve.  In  all  other  cases  the  trans- 
nttancy  curve  was  determined  immediately  after  final  dilution. 
Sodium  Sulfite.  Solutions  prepared  with  and  without  small 
mounts  of  sulfite  are  markedly  different  in  color,  although  their 
H  is  the  same  (Figure  1).  Solutions  prepared  without  sulfite 
ave  a  greenish-blue  color,  and  their  transmittancy  curves  show  a 
laximum  at  465  m/i.  Solutions  prepared  with  sodium  sulfite 
ave  a  much  more  intense  blue  color,  and  the  maximum  in  the 
ransmittancy  curve  shifts  to  445  m/i.  If  the  amount  of  sulfite  is 
lcreased,  the  color  becomes  slightly  more  intense,  the  pH  in- 
reases,  and  the  solutions  become  more  stable.  Table  II  shows 
be  stability  of  these  solutions  at  various  pH  values.  The  high 
H  values  were  secured  with  the  sulfite-carbonate  reagent  recom- 
lended  by  Bell  and  Doisy  12). 

This  series  of  experiments  reveals  a  range  of  color  stability  from 
H  2.3  to  5.2  for  solutions  standing  1.5  hours,  and  from  pH  2.3  to 
.7  for  solutions  standing  4.5  hours.  The  color  intensity  of  all 
flu t ions  containing  sulfite  ion  is  practically  the  same  from  pH 
.9  to  6.0.  Above  pH  6.0  the  color  intensity  increases  with  in- 
reasing  pH. 

Sodium  Succinate.  In  a  similar  series  of  experiments  with 
idium  succinate  as  buffer  the  range  of  best  color  stability  was 
•om  pH  2.1  to  2.7  for  solutions  standing  one  hour.  Maximum 
olor  development  occurs  at  pH  4.1  to  4.9.  Solutions  having  a 
H  below  2.1  or  above  2.9  fade  rapidly  on  standing.  Their 
olor  changes  gradually  from  a  blue-green  to  deep  blue  as  the  pH 
hanges  from  2.1  to  4.1. 

Sodium  Acetate.  Solutions  prepared  with  this  buffer  show 
"ansmittancy  curves  and  fading  characteristics  similar  to  those 
btained  using  sodium  succinate. 

Other  Salts.  Similar  studies  were  carried  out  with  such  buf- 
;rs  as  sodium  carbonate  and  potassium  hydrogen  phthalate.  In 


Table  II.  Effect  of  Sodium  Sulfite  on  Color  Stability 

(5  p.p.m.  of  phosphorus  present  throughout) 


Solution 

pH 

Phosphorus  Found3 

1 . 5  hours  4 . 5  hours 

Ml. 

P.p.m. 

P.p.m, 

0.0 

Sulfite  reagent,  20  per  cent 

1.9  5.11 

5.67 

1.0 

1.9 

5.25 

5.73 

2.0 

2.1 

5.17 

5.22 

3.0 

2.3 

5.08 

5.11 

4.0 

2.6 

5.05 

5.08 

5.0 

4.7 

5.01 

5.01 

6.0 

5.2 

5.08 

5.29 

7.0 

5.5 

5.13 

5.62 

8.0 

5.8 

4.65 

4.14 

9.0 

6.1 

4.52 

3.73. 

10.0 

6.2 

4.54 

3.51 

5.0 

Sulfite-carbonate  reagent 

6.1  4.66 

3 . 85. 

7.5 

7.1 

4.55 

3.55 

10.0 

8.7 

4.10 

2.18 

12.5 

9.1 

3.85 

2.13 

15.0 

9.3 

3.47 

1.64 

25.0 

9.7 

3.53 

1.81 

50.0 

9.9 

4.08 

1.88 

°  Calculations  based  on  readings  at  650  m/i.  Transmittancy  reading:- 
taken  0.5  hour  after  addition  of  reductant  were  assumed  to  represent  entire 
concentration  of  phosphorus. 


general,  they  did  not  permit  the  gradual  changes  in  pH  possible 
with  the  other  substances,  or  did  not  cover  the  entire  pH  range 
The  data  secured,  however,  showed  that  these  substances 
affected  the  stability  of  molybdenum  blue  in  much  the  same 
manner  as  the  sodium  succinate  and  sodium  acetate. 

Of  the  various  buffers  tried,  sodium  sulfite  gave  the  most  stable 
solutions,  and  was  consequently  chosen  for  use  in  the  remainder  of 
the  work.  Subsequent  investigation  showed  that  solutions  pre¬ 
pared  with  sodium  sulfite  develop  their  full  color  within  5  minutes 
if  the  pH  is  between  4.0  and  4.7.  Solutions  having  pH  3.0  to  4.0 
increase  in  color  intensity  slowly  through  the  first  half  hour. 
Although  the  error  due  to  this  increase  is  small,  it  becomes 
negligible  if  the  color  measurements  are  made  at  a  definite  time 
(±5  minutes)  after  reduction.  Below  pH  3.0,  the  solutions  do 
not  develop  their  full  color  for  0.5  hour,  and  color  measurements 
should  not  be  made  before  that  time. 

Effect  of  Variables  Other  Than  pH.  In  the  study  of  other 
variables,  the  solution  containing  the  phosphorus  was  pipetted 
into  a  100-ml.  volumetric  flask,  the  diverse  ion  was  added  next, 
and  then  enough  water  to  make  the  total  volume  30  to  40  ml. 
After  this,  there  were  added  in  order  and  with  mixing,  10  ml.  of 
the  5%  ammonium  molybdate  1  N  in  sulfuric  acid,  10  ml.  of  the 
hydroquinone  solution,  and  10  ml.  of  the  11%  sodium  sulfite 
solution.  The  solution  was  thoroughly  mixed  after  dilution  to 
the  mark.  The  spectral  transmission  curve  and  pH  were  then 
determined. 

Normally  this  procedure  gave  solutions  with  a  pH  of  about  3.5. 
The  exact  pH  varies  slightly  because  of  small  errors  in  the  addi¬ 
tion  of  reagents  and  small  differences  in  the  strength  of  different 
lots  of  reagent.  It  is  desirable  to  check  the  pH  of  the  solutions 
occasionally,  and  if  the  proper  value  is  not  being  secured,  to  make 
suitable  adjustments  in  the  strength  or  amount  of  reagent  added. 

Molybdate  Concentration.  The  molybdate  concentration  was 
varied,  without  affecting  the  pH,  by  the  use  of  two  solutions,  one 
containing  5.0  grams  of  ammonium  molybdate  in  100  ml.  of 
solution,  the  other  1  N  in  sulfuric  acid;  10  ml.  of  the  latter  solu¬ 
tion  were  used  in  all  cases.  The  amount  of  molybdate  was 
varied  from  5  to  15  ml.  without  any  effect  on  the  color  produced. 

Hydroquinone  Concentration.  Variation  in  the  amount  of  hy¬ 
droquinone  from  5  to  15  ml.  produced  no  change  in  the  color. 

Sulfite  Concentration.  Except  for  the  expected  effect  on  the 
pH,  variations  in  the  amount  of  sulfite  between  8  and  12  ml.  have 
no  effect  on  the  color  produced. 

Order  of  Addition  of  Reagents.  The  order  of  addition  of  any  of 
the  reagents  except  the  sulfite  has  little  effect  on  the  final  color. 
The  sulfite  must  be  added  last;  otherwise  the  full  color  is  not 
developed. 

Time  between  Addition  of  Reagents.  As  much  as  5  minutes 
mav  elapse  between  the  addition  of  each  reagent  without  affecting 
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the  color,  provided  blanks  are  used.  If  blanks  are  not  used,  the 
sulfite  should  be  added  immediately  after  the  hydroquinone. 
In  the  absence  of  sulfite,  the  hydroquinone  slowly  reduces  the 
molybdate  and  introduces  a  positive  error. 

Stability.  The  stability  of  these  solutions  over  short  periods 
of  time  has  been  discussed.  Solutions  allowed  to  stand  in  glass- 
stoppered  bottles  for  3  months  show  considerable  increase  in  color 
intensity  and  a  change  in  color.  The  maximum  in  the  trans- 
mittancy  curve  shifts  toward  the  purple  on  standing. 

Heating  the  Solution.  If  the  solutions  are  heated  in  boiling 
water  after  color  development,  the  color  intensity  increases. 
The  amount  of  increase  is  dependent  on  the  length  of  time  of 
heating.  The  resulting  solutions  are  no  more  stable  than  un¬ 
heated  solutions.  Although  greater  sensitivity  could  be  secured 
by  heating  the  solutions,  the  increase  was  not  thought  large 
enough  to  justify  the  complications  introduced  into  the  pro¬ 
cedure. 

Phosphorus  Concentration.  The  range  of  phosphorus  concen¬ 
tration  which  can  be  measured  in  1-em.  thickness  by  this  pro¬ 
cedure  is  shown  in  Figure  2.  Beer’s  law  is  valid  over  the  entire 
range  for  transmittancy  measurements  at  650  m^. 

Diverse  Ions.  In  observing  the  effect  of  diverse  ions,  2.5  p.p.m. 
of  phosphorus  were  used.  The  transmittancy  curve  of  the  solu¬ 
tion  was  drawn  within  5  minutes  after  color  development,  and 
the  apparent  phosphorus  concentration  calculated  from  trans¬ 
mittancy  measurements  made  at  650  m^.  In  keeping  with 
previous  studies  of  this  type,  a  2%  error  was  assumed  to  be 
negligible. 

Tin  error  not  exceeding  2%  is  caused  by  500  p.p.m.  of  each  of 
the  following  ions:  beryllium,  cadmium,  calcium  lithium, 
magnesium,  manganese,  potassium,  sodium,  uranyl,  acetate, 
benzoate,  borate,  bromide,  carbonate,  chloride,  cyanide,  formate, 
iodide,  lactate,  nitrate,  oxalate,  perchlorate,  salicylate,  sulfate, 
tartrate,  thiocyanate,  and  thiosulfate. 

The  following  metals  precipitate  under  the  conditions  used: 
barium,  bismuth,  gold,  lead,  mercury  (-ic  or  -ous),  silver,  stannic, 
strontium,  thorium,  titanium,  and  zirconium. 

Strong  oxidizing  agents,  such  as  dichromate  and  permanganate, 
oxidize  the  reducing  agents  faster  than  the  molybdiphosphoric 
acid;  and  strong  reducing  agents,  such  as  sulfide  and  chloro- 
stannous  ions,  reduce  the  excess  molybdate  reagent  to  molyb¬ 
denum  blue.  Therefore,  all  strong  oxidizing  and  reducing  agents 
must  be  absent. 

Silicates,  arsenates,  and  arsenites  form  heteropoly  acids  with 
acid  molybdate  solutions  just  as  phosphorus  does.  Molybdi- 
silicic  acid  is  readily  reduced  under  the  conditions  used  here,  and 
silicates  must  be  entirely  absent.  The  heteropoly  acid  contain¬ 
ing  arsenic  is  not  so  readily  reduced,  and  100  p.p.m.  of  arsenate  or 
50  p.p.m.  of  arsenite  may  be  present  without  interference. 

The  effect  of  other  diverse  ions  is  summarized  in  Table  III, 
the  calculations  being  made  as  described  earlier  (7).  A  few 
curves  are  shown  in  Figure  3. 

Removal  of  Fluoride  Interference.  Although  fluoride  interfer¬ 
ence  is  not  so  serious  in  this  procedure  as  in  other  molybdenum 
blue  methods  (.9),  it  can  be  readily  avoided  with  boric  acid,  as 


described  by  Kurtz  ( 6 ).  Five  milliliters  of  0.8  M  boric  acic 
added  before  the  color  development,  prevent  the  interference  c 
1000  p.p.m.  of  fluoride.  The  color  can  be  developed  immediatel 
after  the  addition  of  boric  acid.  The  use  of  larger  amounts  c 
boric  acid  to  remove  larger  amounts  of  fluoride  ion  leads  to  sma 
negative  errors,  the  magnitude  of  the  error  increasing  slightl 
with  increasing  boric  acid  and/or  fluoride  concentration. 

DISCUSSION 

Table  II  shows  the  peculiar  effect  of  raising  the  pH  of  these  soli 
tions  above  5.8.  Below  this  value  the  color  intensity  of  th 
solutions  either  is  constant  or  increases  gradually  on  standing 
Above  pH  5.8,  the  solutions  fade  on  standing.  Similar  result 
were  obtained  with  l-amino-2-naphthol-4-sulfonic  acid  as  rt 
ductant,  following  the  procedure  of  Fiske  and  Subbarrow  ( 3 ] 
If  the  solutions  listed  in  Table  II  are  heated  in  boiling  water  f< 
30  minutes,  those  with  pH  5.6  or  lower  retain  their  blue  coloi 
while  those  with  pH  5.9  or  higher  give  a  colorless  solution  at  loi 
phosphorus  concentration,  or  an  orange-red  precipitate  at  hight 
phosphorus  concentrations.  A  solution  with  pH  5.8  showed 
'light  blue  color  and  a  reddish  turbidity. 

The  exact  cause  of  this  behavior  is  not  known ;  it  is  probabl 
connected  with  the  changes  in  conductance  of  molybdiphosphori 
acid  solutions  noted  by  Jander  and  Witzmann  ( 5 )  at  pH  5.5  to  6 .1 


Table  III.  Effect  of  Diverse  Ions 

Ion 

Amount 

Added  as: 

Present 

Error 

Permissibl 

P.p.m. 

% 

P.p.m. 

A1  +  +  + 

A1(N03)3 

(NH,)2Ce(N03)6 

10 

19 

0 

Ce++++ 

100 

32 

0 

Co  +  + 

Co(NOi)j 

100 

2 

100 

Cr  +  +  + 

Cr2(SO,j3 

25 

0 

25 

Cu  +  + 

CuSO, 

25 

0 

25 

Fe  +  +  + 

Fe2(SO.),.(NH,).2SO, 

10 

12 

0 

Fe  +  + 

FeSO.,.(NH,)2SO, 

100 

3 

50 

Ni  +  + 

Ni(N03)2 

100 

0 

100 

AsOa 

Na2HAs03 

50 

0 

50 

AsOi 

H3ASO4 

100 

0 

100 

B4O7  ~  ” 

Na2B407 

50 

2 

50 

C6H607-  — 

NasCsHsOv 

300 

2 

300 

CIO3- 

KClOs 

10 

0 

10 

F- 

NaF 

200 

3 

100 

10,- 

KIOs 

10 

0 

10 

io,- 

KIO, 

300 

2 

300 

NOj- 

KNOi 

100 

1 

100 

P2O7 - 

Na,P207 

10 

3 

5 

PtCle-' 

H2PtCl6 

500 

New  hue 

0 

Se04 

Na2SeC>4 

100 

0 

100 

voa- 

KVOa 

10 

60 

0 

WO,-- 

Na.WO, 

100 

10 

20 

RECOMMENDED  PROCEDURE 

Sample.  From  a  representative  sample,  suitably  prepared 
measure  a  sample  containing  at  least  0.002  mg.  of  phosphorus 
and  dissolve  it  (if  necessary)  by  appropriate  means.  Obviously 
dissolution  in  phosphoric  acid,  or  fusion  with  pyrophosphate,  L 
inapplicable.  Care  should  be  taken  to  have  the  phosphorus  ii 
the  form  of  orthophosphate.  Interfering  ions  must  be  removec 
or  their  action  inhibited  to  bring  their  effective  concentration 
within  the  limits  given  in  Table  III.  Make  the  resulting  solu¬ 
tion  just  acidic  to  litmus,  and  dilute  to  a  definite  volume  in  s 
volumetric  flask.  (In  case  of  very  small  amounts  of  phosphorus 
it  may  be  necessary  to  use  all  the  sample.  This  step  would  theD 
be  omitted.) 

Desired  Constituent.  Transfer  a  suitable  aliquot  of  this 
solution  to  a  100-ml.  volumetric  flask.  If  Nessler  tubes  are  used 
for  visual  comparison,  the  aliquot  should  contain  0.002  to  0.20 
mg.  of  phosphorus.  For  photometric  measurement  with  1-cm. 
cells,  the  aliquot  should  contain  0.1  to  1.5  mg.  of  phosphorus. 
Add  enough  water  to  make  the  total  volume  at  least  30  ml. 
(Molybdiphosphoric  acid  precipitates  unless  water  is  added.  In 
case  of  precipitation,  increase  the  amount  of  water.  If  fluoride 
is  present,  add  5  ml.  of  0.8  M  boric  acid  at  this  point.  If  more 
than  1000  p.p.m.  of  fluoride  ion  is  present,  remove  it  by  fuming 
with  sulfuric  acid.  Too  much  boric  acid  causes  a  small  negative 
error.)  Add  in  order,  and  with  constant  mixing,  10  ml.  of  5% 
ammonium  molybdate  solution  1  N  in  sulfuric  acid,  10  ml.  of 
0.5%  hydroquinone  solution,  and  10  ml.  of  11%  sodium  sulfite 
solution.  Dilute  to  the  mark,  and  mix  well.  The  final  pH  of 
the  solution  should  be  between  3.0  and  4.7;  otherwise  make 
suitable  adjustment  in  the  amount  of  the  molybdate  or  sulfite 
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reagent.  Allow  the  solution  to  stand  30  minutes,  and  then 
measure  the  color  by  any  of  the  usual  means.  (Measurement 
■  can  be  made  within  the  first  half  hour  after  color  development, 
provided  the  time  of  measurement  is  controlled  within  ±  5 
minutes.) 

Visual  comparison  may  be  made  with  standards  prepared  with 
known  amounts  of  phosphorus,  or  with  a  series  of  permanent 
standards  ( 9 ).  Filter  photometric  measurement  should  be  made 
with  a  red  filter.  For  spectrophotometric  measurement  in  the 
r  visual  region  a  wave  length  between  600  and  700  mu  seems  pref¬ 
erable.  Measurement  may  be  made  beyond  the  color  range  if  a 
suitable  spectroradiometer  is  available.  Thus,  Fontaine  (4) 
shows  a  peak  in  the  absorption  band  near  820  m,u  for  solutions 
reduced  with  chlorostannous  acid.  The  writers’  solutions  did 
not  show  this  band,  but  one  much  .sharper  was  found  with  a 
minimum  near  340  mp. 
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Quantitative  Determination  of  Mixtures  of 
Methyl  Vinyl  Ketone  and  Diacetyl 

A  Dropping  Mercury  Electrode  Method 

ELLIS  I.  FULMER,  JOHN  J.  KOLFENBACH,  and  L.  A.  UNDERKOFLER 
Chemistry  Department,  Iowa  State  College,  Ames,  Iowa 


A  dropping  mercury  electrode  method  has  been  described  for 
determination  of  (1)  methyl  vinyl  ketone  alone  and  in  mixtures  with 
methyl  vinyl  carbinol  and  methyl  ethyl  ketone  and  (2)  diacetyl 
alone  and  in  mixtures  with  methyl  vinyl  ketone  and  methyl  ethyl 
ketone. 

!  STUDIES  are  in  progress  in  these  laboratories  on  the  cata- 
O  lytic  vapor-phase  oxidation  of  methyl  vinyl  carbinol  and  of 
2,3-butylene  glycol.  In  the  course  of  this  work  it  became  neces¬ 
sary  to  devise  methods  for  determining  methyl  vinyl  ketone  in 
the  presence  of  methyl  vinyl  carbinol  and  methyl  ethyl  ketone, 
and  diacetyl  in  the  presence  of  methyl  vinyl  ketone  and  methyl 
ethyl  ketone.  The  present  communication  presents  such  meth¬ 
ods  using  the  dropping  mercury  electrode.  The  methods  are 
based  on  the  fact  that  methyl  vinyl  ketone  and  diacetyl  are  re¬ 
duced  at  the  dropping  mercury  electrode  while  methyl  vinyl 
carbinol  and  methyl  ethyl  ketone  are  not  so  reduced. 


in  an  atmosphere  of  nitrogen.  Potassium  chloride,  0.1  N,  was 
used  as  the  indifferent  electrolyte. 

SOURCE  OF  MATERIALS 

The  methyl  vinyl  ketone  was  made  by  the  catalytic  vapor- 
phase  oxidation  of  methyl  vinyl  carbinol;  the  details  of  the 
method  will  be  made  available  at  a  later  date.  The  highly  puri¬ 
fied  methyl  vinyl  ketone  had  the  following  characteristics:  b.p.  = 
79-80°  C.  at  760  mm.,  nl°  =  1.4081,  and  d V  =  0.862.  The 
diacetyl,  purchased  from  the  Eastman  Kodak  Company,  was 
further  purified  and  had  the  following  characteristics:  b.p.  = 
86.5-87.5°  C.  at  750  mm.,  ti2d6  =  1.3910,  and  d25  =  0.980.  These 
constants,  for  both  chemicals,  agreed  with  the  best  data  available 
in  the  literature. 

The  methyl  vinyl  carbinol  was  purchased  from  the  Shell 
Chemical  Company  and  the  methyl  ethyl  ketone  from  the  East¬ 
man  Kodak  Company.  In  each  case  the  stock  solutions  con¬ 
sisted  of  1  ml.  of  the  chemical  made  up  to  100  ml.  with  0.10  N 
potassium  chloride.  These  solutions  were  diluted  with  0.10  N 


APPARATUS  AND  PROCEDURE 

The  equipment  employed  was  manually  operated  and  was 
similar  to  that  described  by  Kolthoff  and  Lingane  (2)  and  Lingane 
and  Kolthoff  (3).  The  voltage  was  measured  against  an  ex¬ 
ternal  saturated  calomel  electrode.  The  current,  in  microam¬ 
peres,  was  calculated  from  the  1R  drop  across  a  resistance  of  7000 
ohms.  The  pressure  on  the  mercury  was  maintained  at  80  cm. 
of  mercury;  the  drop-time  was  3.4  seconds.  The  value  of  m,  in 
weight  of  mercury  flowing  from  the  capillary  per  second,  was 
0.00134.  Dissolved  air  was  removed  from  the  solutions  by  means 
of  gaseous  nitrogen  and  all  determinations  were  made  at  25°  C. 


Table  I.  Current-Voltage  Data"  for  Methyl  Vinyl  Ketone  Solutions 


(Molarity  X  1 0 2) 


- - 0 . 494 - - 

Current 

- - 1.23- 

Current 

' 

• - 2.47- 

Current 

Microamperes 

Volts 

Microamperes 

Volts 

Microamperes 

Volts 

0.56 

1.245 

0.53 

1.250 

0.57 

1.080 

0.57 

1.338 

0.71 

1.330 

0.57 

1.215 

1.31 

1.412 

1.71 

1.400 

0.90 

1.290 

2.21 

1.478 

3.43 

1.454 

4.93 

1.407 

2.46 

1.545 

4.71 

1.515 

7.74 

1.462 

2.46 

1.615 

5.20 

1.581 

9.07 

1.527 

2.36 

1.680 

4.96 

1.650 

9.50 

1.577 

2.36 

1.745 

4.99 

1.718 

9.57 

1.640 

2.36 

1.820 

4.99 

1.800 

9.57 

1.720 

a  Potential 
electrode. 

difference 

between  dropping  electrode 

and  saturated 

calomel 

Table  II.  Diffusion  Currents  and  Half-Wave  Potentials  for  Methyl 

Vinyl  Ketone 


Molarity  X  103 

Diffusion  Current 

Experi¬ 

Calculated 

Experi¬ 

Calculated 

mental 

Equation  2 

Ei/i 

mental 

Equation  1 

0.494 

0.493 

1.43 

1.80 

1.79 

1.234 

1.213 

1 .42 

4.43 

4.50 

2.468 

2.469 

1.41 

9.01 

9.01 

Table  III.  Current-Voltage  Data"  for  Mixtures  of  Methyl  Vinyl 
Ketone,  Methyl  Ethyl  Ketone,  and  Methyl  Vinyl  Carbinol 


(Molarity  X  103) 


MVK  = 

0.494 

MVK  = 

1.23 

MVK  =  1.87 

MEK  = 

0.448 

MEK  = 

1.12 

MEK  =  0.224 

MVC  = 

0.469 

MVC  = 

1.17 

MVC  =  0.234 

Current 

Current 

Current 

Microamperes 

Volts 

M  icroamperes 

Volts 

Microamperes  Volts 

0.50 

1 .265 

0.40 

1.200 

0.53  1.220 

0.53 

1.314 

0.46 

1.283 

0.57  1.270 

1.57 

1.422 

0.89 

1.352 

1.06  1.346 

2.33 

1.506 

2.79 

1.433 

2.86  1.418 

2.33 

1.580 

4.36 

1 .490 

5.14  1.470 

2.33 

1.653 

5.04 

1.557 

6.71  1.530 

2.33 

1.714 

4.93 

1.621 

7.07  1.594 

4.94 

1.695 

7.71  1.655 

4.93 

1.760 

7.43  1.725 
7.37  1.789 
7.37  1.850 

a  Potential  difference  between  dropping  electrode  and  saturated  calomel 
electrode. 
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Table  IV.  Diffusion  Currents  for  Mixtures  of  Methyl  Vinyl  Ketone, 
Methyl  Vinyl  Carbinol,  and  Methyl  Ethyl  Ketone 


from  which, 

log  (M  X  104)  =  1.1411  log  (dc)  -f  0.4526 


(4; 


Concentration  of  MVK  =  M  X  10’.  Concentrations  of  MEK  and  MVC 
as  in  Table  III) 


Molarity  X  103 
Experi-  Calculated 

mental  Equation  2 


Diffusion  Current 
Experi-  Calculated 

mental  Equation  1 


0.494  0.499 

1.23  1.22 

1.87  1.91 


1.82  1.80 

4.47  4.49 

6.80  6.83 


Calculations,  using  the  above  equations,  presented  in  Table 
\  I,  show  the  method  to  be  satisfactory  for  the  analysis  of  diacetyi 
alone.  The  fact  that  the  hyperbolic  function  is  also  characteris-j 
tic  of  adsorption  reactions  indicates  that  adsorption  phenomena 
may  be  operating  in  the  case  of  diacetyl. 

Current-voltage  data  for  four  mixtures 


Table  V.  Current-Voltage  Data2 

- - 0.909- 


■1.136- 


Current 

Micro¬ 

amperes 

Volts 

0.53 

0.459 

0.56 

0.517 

0.57 

0.626 

0.60 

0.690 

1.39 

0.788 

2.29 

0.824 

3.57 

0.875 

3.97 

0.963 

3.97 

1.053 

Current 

Micro¬ 

amperes 

Volts 

0.46 

0.521 

0.47 

0.633 

0.49 

0.675 

0.59 

0.735 

1.69 

0.822 

3.00 

0.905 

3.23 

0.991 

3.24 

1.080 

(Molarity  X  103) 


-0.568- 


Current 

M icro- 

amperes 

Volts 

0.51 

0.484 

0.51 

0.593 

0.54 

0.673 

0.71 

0.774 

1.97 

0.860 

2.36 

0.946 

2.40 

1.036 

2.41 

1.120 

for  Diacetyl 


0.454 - . 

Current 
M icro - 

amperes  Volts 

0.39  0.507 

0.40  0.615 

0.43  0.688 

0.67  0.790 

1.34  0.834 

1.94  0.924 

1.97  1.013 


0.379 


Current 

Micro¬ 

amperes 

Volts 

0.39 

0.575 

0.40 

0.680 

0.59 

0.786 

1.17 

0.840 

1.61 

0.928 

1.67 

1.020 

1.69 

1.120 

3  Potential  difference  between  dropping  electrode  and  saturated  calomel  electrode. 


of  diacetyl  (DA),  methyl  vinyl  ketone 
(MVK),  and  methyl  ethyl  ketone  (MEK) 
are  given  in  Table  VII.  Diffusion  currents 
for  the  mixtures,  together  with  data  calcu¬ 
lated  by  Equations  3  and  4,  are  given  in 
Table  VIII.  It  is  evident  that  the  proce¬ 
dure  is  applicable  to  mixtures  of  diacetyl ; 
and  methyl  vinyl  ketone  in  the  presence  of 
methyl  ethyl  ketone,  as  well  as  to  the  di¬ 
acetyl  or  methyl  vinyl  ketone  alone. 
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Methyl  Vinyl  Ketone,  Methyl  Vinyl  Carbinol,  and 
Methyl  Ethyl  Ketone.  Current-voltage  data  for  three  con¬ 
centrations  of  methyl  vinyl  ketone  are  given  in  Table  I. 
The  diffusion  currents,  dc,  and  half-wave  potentials,  Ei/2,  are 
given  in  Table  II.  In  this,  and  in  subsequent  tables,  the  dif¬ 
fusion  current  is  obtained  by  subtracting  the  residual  current 
from  the  limiting  current.  The  diffusion  current  is  a  linear 
function  of  the  molar  concentration,  the  equation  being: 

dc  =  3.65  M  X  103  (1) 

from  which, 

M  X  103  =  0.274  X  dc  (2) 


Work  was  supported  by  a  grant  from  the  Industrial  Science  Research 
Institute  of  The  Iowa  State  College,  for  research  on  elastomers. 


Table  VI.  Diffusion  Currents  and  Half-Wave  Potentials  for  Diacetyl 


Experi¬ 

mental 

1.136 

0.909 

0.568 

0.454 

0.379 


X  103 
Calculated 

BlA 

Diffusion  Current 
Experi-  Calculated 

Equation  4 

mental 

Equation  3 

1.133 

0.824 

3.37 

3.38 

0.902 

0  830 

2.76 

2.78 

0.575 

0.821 

1.86 

1.84 

0.454 

0.825 

1.51 

1.51 

0.379 

0.826 

1.29 

1.29 

Calculations,  using  the  above  equations,  given  in  Table  II, 
show  that  the  method  is  entirely  satisfactory  for  the  analy¬ 
sis  of  methyl  vinyl  ketone  alone. 

Current-voltage  data  for  mixtures  of  methyl  vinyl  ketone, 
methyl  vinyl  carbinol,  and  methyl  ethyl  ketone  are  presented 
in  Table  III.  The  calculated  values  show  that  the  methyl 
vinyl  carbinol  and  methyl  ethyl  ketone  are  not  reduced  and 
do  not  interfere  with  the  determination  of  the  methyl  vinyl 
ketone. 

Diacetyl,  Methyl  \  inyl  Ketone,  and  Methyl  Ethyl 
Ketone.  Adkins  and  Cox  ( 1 )  presented  data  on  the  reduction 
of  several  aldehydes  and  ketones  at  the  dropping  mercury 
electrode.  Using  0.10  V  ammonium  chloride  as  the  indiffer¬ 
ent  electrolyte,  in  unbuffered  solution,  they  found  two  half¬ 
wave  potentials  for  diacetyl  at  0.93  and  1.68  volts.  These 
values,  recalculated  on  the  basis  of  the  use  of  an  external 
saturated  calomel  electrode,  are  0.84  and  1.59  volts.  The 
authors  emphasized  the  necessity  for  determining  the  effect 
of  other  solutes  on  the  wave  height  of  the  reducible  compounds. 

Current-voltage  data  for  five  concentrations  of  diacetyl 
are  given  in  Table  V.  The  diffusion  currents,  dc,  and 
half-wave  potentials  are  shown  in  Table  VI.  The  half¬ 
wave  potential  is  0.83  volt  which  is  identical,  within  ex¬ 
perimental  error,  with  the  0.84  volt  calculated  from  the 
results  of  Adkins  and  Cox  ( 1 ).  The  diffusion  current  is 
not  a  linear  function  of  the  concentration  of  the  diacetyi 
but  is  given  by  the  hyperbolic  relation: 

log  (dc)  =  0.8766  log  (M  X  104)  -  0.3967  (3) 


Table  VII.  Current-Voltage  Data3  for  Mixtures  of  Diacetyi,  Methyl 
Vinyl  Ketone,  and  Methyl  Ethyl  Ketone 

(Molarity  X  103) 


DA  = 

0.385 

DA  = 

0.462 

DA  = 

0.462 

DA 

0.923 

MVK  = 

0.834 

MVK  = 

0.501 

MVK  = 

0.750 

MVK  = 

0.250 

MEK  = 

0.834 

MEK  = 

0.501 

MEK  = 

0.750 

MEK  = 

0.250 

Current 

Current 

Current 

Current 

Micro¬ 

Micro¬ 

Micro¬ 

M icro- 

amperes 

Volts 

amperes 

Volts 

amperes 

Volts 

amperes 

Vollt 

0.37 

0.480 

0.31 

0.526 

0.47 

0.459 

0.39 

0.475 

0.39 

0.590 

0.36 

0.633 

0.53 

0.576 

0.41 

0.580 

0.41 

0.695 

0.43 

0.700 

0.60 

0.680 

0.44 

0.685 

0.67 

0.791 

1.36 

0.807 

0.89 

0.792 

0.50 

0.733 

1.21 

0.843 

1.93 

0.873 

1.93 

0.885 

0.64 

0.772 

1.71 

0.931 

2.00 

0.965 

2.10 

0.975 

2.37 

0.845 

1.79 

1.023 

1.96 

1.060 

2.14 

1.067 

3.07 

0.936 

1.77 

1.110 

1.96 

1.140 

2.14 

1.152 

3.14 

1.020 

1.77 

1.200 

1.94 

1.225 

2.14 

1.240 

3.14 

1.108 

1.77 

1.281 

2.00 

1.290 

2.16 

1.322 

3.13 

1.193 

1.77 

1.335 

2.71 

1.369 

2.43 

1.400 

3.13 

1.277 

2.36 

1.411 

3.57 

1.439 

3.61 

1.466 

2.13 

1.355 

3.83 

1.470 

3.77 

1.506 

4.60 

1.528 

3.31 

1.433 

4.56 

1.533 

3.77 

1.577 

4.81 

1.600 

3.86 

1.500 

4.73 

1.590 

3.77 

1.649 

4.81 

1.705 

3.97 

1.573 

4.74 

1.668 

... 

3.97 

1.642 

4.74 

1.735 

3  Potential  difference  between  dropping  electrode  and  saturated  calomel 


Table  VIII.  Diffusion  Currents  of  Mixtures  of  Diacetyi,  Methyl  Vinyl 
Ketone,  and  Methyl  Ethyl  Ketone 

,  Diacetyi  Methyl  Vinyl  Ketone 

Molarity  X  103  Diffusion  Current  Molarity  X  103  Diffusion  Current 


Experi¬ 

Calcd. 

Experi¬ 

Calcd. 

Experi¬ 

Calcd. 

Experi¬ 

Calcd. 

mental 

Eq.  4 

mental 

Eq.  3 

mental 

Eq.  2 

mental 

Eq.  1 

0.385 

0.402 

1.36 

1.31 

0.834 

0.814 

2.97 

3.04 

0.462 

0.462 

1.53 

1.53 

0.501 

0.501 

1.83 

1.83 

0.462 

0.463 

1.54 

1.53 

0.750 

0.732 

2.67 

2.74 

0.923 

0.879 

2.70 

2.81 

0.250 

0.230 

0.84 

0.91 

Delivery  of  Liquids  at  Low  and  Constant  Rates 

E.  THOMAS  ZENTNER1 

Research  Department,  Virginia-Carolina  Chemical  Corporation,  Carteret,  N.  J. 


VACUUM 


Figure  1 


CONSIDERABLE  interest  has  been 
'  evinced  recently  in  the  problem  of  de¬ 
livering  liquids,  on  a  laboratory  or  pilot- 
plant  scale,  at  constant  rates  of  flow  ( 1 ). 

A  device  successfully  used  by  the  writer  over  a  period  of  years, 
ind  for  varying  utilizations,  may  be  of  interest  because  of  its 
relative  simplicity,  ease  of  construction,  continuity  of  operation, 
ind  ready  adjustment  to  varying  rates  of  flow. 

The  well-known  Mariotte  bottle  is  the  basis  of  the  delivery  de- 
vdce,  and  only  standard  laboratory  equipment  is  needed  for  its 
lonstruction  and  operation.  Highly  precise  regulations  of  flow 
-ates  are  feasible,  as  little  as  0.06  ml.  per  minute  having  proved 
practical.  Pure  liquids,  solutions  of  solids,  colloidal  solutions, 
md  even  relatively  coarse  suspensions  lend  themselves  to  the  pro- 
;edure,  a  dilute  drilling  mud  representing,  in  actual  practice,  one 
>f  the  materials  so  handled.  If  continuous  operation  is  desired, 
n  if  large  quantities  of  liquid  must  be  run,  simple  modifications 
illow  maintaining  steady  flow  without  breaking  the  continuity  of 
low  during  refilling. 

Figure  1  represents  the  simplest  form  of  the  device,  for  use 
vhere  there  is  no  need  for  refilling  during  operation.  The 
Mariotte  bottle,  a,  acts  as  a  constant-head  reservoir.  It  con¬ 
sists  of  any  suitable  bottle,  tightly  stoppered,  with  two  glass 
tubes  passing  through  the  closure.  Air  enters  through  tube  b, 
vhich  ends  near  the  bottom  of  the  bottle,  the  end  being  turned  at 
right  angle,  if  desired,  particularly  for  low  rates  of  flow.  The 
ither  glass  tube,  /,  is  directly  connected  through  a  length  of  soft- 
"ubber  tubing,  d,  to  orifice  c,  the  rubber  tubing  being  encased,  part 
>f  the  way,  by  glass  tubing  e,  fitting  around  it  snugly.  This  com- 
oination  enables  exact  vertical  adjustment  which  can  be  accom¬ 
plished  easily  by  pulling  the  rubber  tubing  up  or  down,  through 
he  supporting  glass  tube,  e,  until  c  is  at  any  desired  height. 

Liquid  flowing  through  the  tube  and  orifice  operates  under  a 
iquid  head,  II,  which  represents  the  distance  between  the  end  of 
)  and  the  end  of  c.  Since  the  rate  of  flow  is  a  function  of  H,  rate 
■hanges  can  be  accomplished  easily  and  accurately  by  adjusting 
he  level  of  c  by  sliding  rubber  tube  d  up  or  down  through  e,  or  by 
idjusting  the  level  of  the  whole  assembly  on  a  ring  stand. 

To  obtain  various  ranges  of  flow  rate,  orifices  of  varying  lengths 
md  diameters  may  be  used.  After  appropriate  calibration,  a 
scale  may  be  positioned  behind  e  to  facilitate  operations  and  re¬ 
producibility. 


It  has  been  found,  in  prac¬ 
tice,  best  to  make  the  de¬ 
vice  continuous,  or  to  add 
liquid  without  interrupting 
outflow.  One  such  modi¬ 
fication  is  shown  in  Figure  2, 
another  in  Figure  3. 

In  Figure  2,  a  third  glass 
tube,  g,  passes  through  the 
closure  into  the  space  above 
the  liquid,  being  directly  con¬ 
nected  to  a  source  of  vacuum 
(the  vacuum  should  be  suffi¬ 
cient  to  draw  in  air  through 
b,  but  not  high  enough  to 
cause  the  liquid  to  boil) .  Re¬ 
plenishment  of  the  liquid  is 
accomplished,  when  desired, 
through  a  fourth  tube ,  k,  by 
opening  stopcock  l;  the  tube 
may  be  directly  connected 
to  a  funnel  containing  the 
additional  liquid  or  may  be 
connected  more  elaborately 
to  a  larger  holding  vessel, 
flowing  By  gravity  or  by 
siphon. 

When  it  is  inconvenient  to  have  the  liquid  holding  vessel  at  a 
level  above  the  constant-head  reservoir,  an  arrangement  such  as 
shown  in  Figure  3  may  be  used;  this  is  particularly  valuable  when 
large  quantities  of  liquid  are  involved.  Compressed  air  acts  to 
lift  the  liquid  to  above  the  reservoir  level,  from  which  point  it 
flows  into  the  reservoir  through  tube  k.  Vent  m  represents  a 
stopcock  or  valve  which  must  be  opened  whenever  the  supply  in 
the  holding  vessel  is  replenished  through  funnel  n;  otherwise  it 
is  kept  closed,  as  is  also  the  stopcock  in  funnel  n. 


3  VACUUM 


Figure  2 


1  Deceased. 


Figure  3 
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It  may  be  of  theoretical  interest  to  indicate  the  reasons  why  a 
uniform  rate  is  maintained  despite  vacuum  and  air  pressure  con¬ 
ditions  in  various  parts  of  the  system.  The  air  space  above  the 
liquid  in  the  Mariotte  bottle  reservoir  is  under  vacuum  equivalent 
to  the  hydrostatic  head  between  the  surface  of  the  liquid  on  the 
one  hand,  and  the  end  of  the  air  tube,  b,  on  the  other  hand.  If 
liquid  were  to  be  added  directly  through  a  tube  and  funnel,  with¬ 
out  the  use  of  a  vacuum  pump,  the  air  would  be  compressed  and 
no  air  would  be  drawn  in  through  b;  accordingly,  equilibrium 
conditions  would  be  disturbed.  However,  if  during  refilling  a 
vacuum  pump  is  attached  to  the  air  space  of  the  reservoir,  as  in¬ 
dicated  in  Figures  2  and  3,  the  volume  of  air  drawn  out  of  the 
bottle  will  be  greater  than  the  volume  of  liquid  drawn  in,  any 
difference  being  amply  taken  care  of  by  the  air  intake  through 
b. 

If  the  liquid  used  is  suspected  of  containing  suspended  material 
that  may  clog  the  orifice,  a  filter  (such  as  a  glass  wool  plug)  may 
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be  inserted  between  the  end  of  the  glass  tube,  /,  and  the  rubber 
hose,  d. 

When  heavy  suspensions,  on  the  other  hand,  are  to  be  handled, 
all  tubes  and  tubing  should  be  as  wide  as  possible,  with  hydro¬ 
static  head,  H,  kept  correspondingly  low. 

These  devices  have  all  been  in  active  operation  in  conjunction 
with  small-scale  continuous  water-softening  tests  and  in  studying 
particle  size  distribution  on  diluted  oil- well-drilling  muds. 
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A  Large-Capacity  Continuous  Solids  Extractor 

NORMAN  APPLEZWEIG,  Debruille  Chemical  Corp.,  New  York,  N.  Y. 


OF  THE  innumerable  designs  which  have  been  published  for 
glass  extraction  apparatus  (5),  very  few  are  adaptable  to 
large-scale  work  because  of  their  expensive  and  unwieldy  con¬ 
struction.  Large-capacity  extractors  of  simple  design  have  been 
described  by  Beal  ( 1 ),  Drake  and  Spies  (2),  Smallwood  (6),  and 
Jonnard  (4).  While  these  can  all  be  made  from  standard  labora¬ 
tory  glassware,  they  suffer  minor  disadvantages  which  limit  their 
usefulness. 

The  apparatus  described  below  has  been  designed  to  overcome 
these  disadvantages.  It  can  be  constructed  from  standard, 
readily  available  glassware  in  sizes  up  to  22  liters.  It  can  be 
charged  and  emptied  without  dis¬ 
mantling.  The  size  of  the  extrac- 


The  basic  constituents  of  the  extractor  are  a  glass  bottle,  a 
condenser,  and  a  flask. 

The  extraction  chamber  is  made  from  an  inverted  Pyrex 
bottle,  A,  by  cutting  off  the  bottom  and  grinding  the  rim  to  fit 
smoothly  to  a  ground-glass  plate  which  acts  as  a  cover,  B.  A 
hole  is  drilled  in  the  side  of  the  bottle  2  to  3  cm.  below  the  cover 
and  a  tubulature  is  welded  on  at  C.  (An  aspirator  bottle  with 
tubulature  may  be  used  if  available  in  the  desired  size.) 

The  solvent  is  vaporized  in  the  flask,  E,  and  condensed  by 
the  condenser,  from  which  it  flows  through  F  into  the  extraction 
chamber.  The  extract  returns  to  the  flask  by  means  of  a  glass 
tube  which  is  inserted  through  a  cork,  D,  at  the  bottom  of  the 
extraction  chamber  and  bent  so  that  when  the  extraction  chamber 
is  filled,  the  condensation  of  additional  solvent  will  cause  an  over¬ 
flow  back  to  the  flask.  The  connection  at  F  may  be  made  by 
semiball  joints  or  by  Thiokol  tubing.  If  desired,  the  corks  at  C 
and  D  may  be  replaced  by  all-glass  joints. 

Samples  may  be  taken  off  from  time  to  time  by  means  of  a 
stopcock  at  D. 

Charging.  The  extractor  is  charged  by  removing  the  ground- 
glass  plate  cover,  B,  and  placing  a  bag  containing  the  material  to 
be  extracted  on  the  perforated  porcelain  plate,  I.  The  extraction 
chamber  is  filled  with  solvent  and  then  a  sufficient  excess  is 
added  so  that  the  overflow  fills  the  flask  to  a  desired  height. 
The  cover  is  replaced  and  the  extractor  is  ready  for  operation. 

Extraction.  The  flask  is  heated  and  the  condensed  solvent 
enters  the  extraction  chamber,  displacing  the  extract  through  the 
return  tube  back  into  the  flask. 

The  material  is  extracted  by  constant  percolation  and  soaking 
instead  of  repeated  exhaustion  as  in  the  Soxhlet  apparatus.  This 
method  of  continuous  removal  of  the  solvent  from  the  bottom  of 
the  extractor  at  the  same  rate  that  fresh  solvent  enters  the  top 
has  been  shown  to  be  decidedly  more  efficient  than  the  Soxhlet 
exhaustion  method  (S).  Furthermore,  the  volume  of  the  flask 
is  limited  only  by  the  rate  at  which  one  wishes  to  distill  and  the 
flask  does  not  have  to  be  large  enough  to  receive  the  entire  con¬ 
tents  of  the  extraction  chamber  as  in  the  Soxhlet  type  of  appa¬ 
ratus.  Thus  a  relatively  small  amount  of  solvent  may  be  heated 
at  one  time. 

To  empty  the  extraction  chamber,  the  residual  solvent  is  with¬ 
drawn  through  the  stopcock  at  D  and  the  spent  charge  is  removed 
through  the  top. 
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Laboratory  Continuous  Countercurrent  Liquid-Liquid 

Extractor 

J.  J.  KOLFENBACH,  E.  R.  KOOI,  E.  I.  FULMER,  and  L.  A.  UNDERKOFLER,  Iowa  State  College,  Ames,  Iowa 


HE  inefficiency  of  the  ordinary  types  of  laboratory  extrac¬ 
tion  apparatus  makes  the  recovery  of  solutes  from  solutions 
by  extraction  with  immiscible  solvents  a  very  time-consuming 
operation.  In  the  conventional  type  of  laboratory  extractor  the 
immiscible  solvent  is  vaporized  in  the  boiling  flask,  condensed  in 
i  a  single  upright  condenser  placed  above  the  flask  containing  the 
solution  to  be  extracted,  and  allowed  to  run  down  a  funnel  tube 
.fitted  at  the  bottom  with  a  diffuser  plate.  The  diffuser  plate 
i  produces  a  fine  dispersion  of  the  immiscible  solvent  which  rises 
through  the  solution  to  be  extracted  and  flows  back  to  the  boil¬ 
ing  flask  through  a  suitable  overflow  arm.  The  inefficiency  of 
this  type  of  extractor  is  due  to  a  low  rate  of  solvent  flow  or  lack  of 
intimate  contact  between  solvent  and  solution.  The  use  of  a 
I  diffuser  plate  of  low  porosity  in  order  to  obtain  intimate  liquid- 
solvent  contact  necessarily  limits  the  rate  of  solvent  flow;  the 
interference  between  ascending  vapor  and  descending  liquid  in  the 
condenser  limits  the  rate  at  which  the  solvent  may  be  vaporized 
and  condensed. 

To  increase  the  efficiency  of  liquid-liquid  extraction  an  im- 
!  proved  type  of  extractor  was  designed  by  Hossfeld  (I)  which  is 
equipped  with  separate  arms  for  vapor  outlet  and  solvent  return, 
thus  affording  a  high  rate  of  solvent  flow.  The  centrifugal  dis¬ 
persion  of  the  solvent  and  the  agitation  of  the  solution  in  the 
Hossfeld  apparatus  result  in  intimate  contact  between  solvent  and 
solution.  The  Hossfeld  apparatus  is  a  definite  advance  over  the 
conventional  laboratory  extractor. 

A  new  type  of  laboratory  countercurrent  extractor  has  been 
I  designed  and  used  extensively  in  these  laboratories  for  the  re¬ 
cover}-  of  2,3-butylene  glycol  and  acetylmethylcarbinol  from  fer¬ 
mentation  mashes  and  mash  concentrates  by  extraction  with  di¬ 
ethyl  ether.  The  unit  employed  has  been  found  more  efficient 
than  any  other  type  of  extractors  tested,  and  is  diagrammed  in 
Figure  1. 

The  column  is  1220  mm.  in  length  and  45  mm.  in  diameter. 
The  fermentation  mash  solution  to  be  extracted  is  placed  in  the 
4-liter  Erlenmeyer  flask  shown  at  the  left  of  the  diagram  and  a 
layer  of  this  solution  is  also  placed  in  the  bottom  of  the  extraction 
column  as  shown.  The  column  is  then  filled  with  solvent  and 
about  1.5  liters  of  solvent  are  placed  in  the  3-liter  boiling  flask 
shown  at  the  right.  The  vaporized  solvent  is  condensed  by  the 
Allihn  condensers,  flows  down  through  the  tube  at  the  right,  en¬ 
ters  the  bottom  of  the  extraction  column,  flows  upward  through 
the  column,  and  returns  to  the  boiling  flask  through  the  overflow 
arm.  The  mash  is  forced  by  the  circulating  pump  out  of  the 
mash  flask  into  the  top  of  the  extraction  column  through  the 
jet,  which  is  merely  a  piece  of  glass  tubing  constricted  at  the 
lower  end.  The  interfacial  tension  and  the  pressure  on  the  liquid 
produce  dispersion  into  droplets  at  the  tip.  When  a  jet  of  the 
proper  size  is  used,  the  pressure  forces  a  fine  spray  of  the  liquid 
into  the  column  of  solvent.  The  droplets  of  solution  then  fall 
through  the  solvent  to  the  bottom  of  the  column.  The  solution  is 
pumped  to  the  mash  flask  and  continuously  recirculated.  The 
rate  of  ether  flow  in  this  unit  is  2.0  liters  per  hour  and  the  rate  of 
mash  circulation  is  4.2  liters  per  hour.  Rubber  connections  in 
the  unit  are  coated  with  water  glass  to  prevent  solvent  loss,  and 
all  ground-glass  joints  are  standard  taper  24/40. 

The  purpose  of  the  two  condensers  is  to  ensure  a  more  complete 
condensation  of  the  solvent.  This  is  a  particularly  important 
consideration  when  diethyl  ether  is  used  as  the  solvent.  The  use 
of  an  angle  condenser  before  the  upright  condenser  allows  a 
higher  rate  of  solvent  flow,  since  there  is  then  less  turbulence  at 
the  lower  tip  of  the  upright  condenser.  In  ether  extractions 
where  emulsions  are  not  encountered,  placing  a  finger  cut  from  a 
rubber  glove  or  a  rubber  finger-stall  over  the  top  of  the  upright 
!  condenser  prevents  much  of  the  ether  loss  which  would  otherwise 
loecur.  The  extractor  has  been  operated  continuously  for  3  days 


under  these  conditions  at  an  ether  flow  rate  of  2.0  liters  per  hour 
with  no  noticeable  loss  of  ether. 

In  extractions  of  fermentation  liquors,  emulsion  formation  is 
sometimes  encountered.  Although  the  emulsion-forming  con¬ 
stituents  can  frequently  be  removed  by  treatment  with  basic  lead 
acetate  or  similar  precipitating  agents,  this  treatment  also  often 
removes  considerable  quantities  of  the  constituent  to  be  re¬ 
covered.  Whenever  a  tendency  toward  emulsion  formation  was 
noted  in  the  extraction  column  it  was  effectively  overcome  by 
passing  a  slow  stream  of  air  upward  through  the  column. 

The  circulating  pump  employed  for  circulation  of  the  solution 
is  diagrammed  in  detail  in  Figure  2.  The  spool,  B,  bearing  the 
rollers,  A,  rotates  within  the  ring,  C,  which  is  welded  to  the  plate, 
D.  The  rollers  press  against  the  rubber  tubing,  E,  and  force  the 
liquid  through.  The  tubing  is  held  against  the  rollers  by  the 
sliding  block,  F,  and  the  pressure  between  rollers  and  tubing  is 
adjusted  by  screws,  H,  on  the  U-clamps,  G.  Grooves  are  cut  in 
the  ends  of  ring  C  and  block  F  to  hold  the  tubing  in  place.  The 
tubing  used  is  9  mm.  in  diameter.  The  spool  diameter  is  7.5  cm. 
(3  inches)  and  the  rollers  are  0.93  X  1.56  cm.  (3/s  X  6/s  inches). 
The  roller  spool  is  driven  at  50  r.p.m. 

The  extraction  rate  of  the  extractor  described  above  was  com¬ 
pared  with  the  rates  for  two  other  types  of  extractors.  No.  1 
was  the  conventional  type  of  laboratory  extractor,  procured  from 
a  laboratory  supply  company,  consisting  of  a  4-liter  bottle  fitted 
with  a  stirrer,  a  sintered-glass  gravity-fed  dispersing  plate,  and 
the  usual  upright  Allihn  condenser  and  boiling  flask.  Extractor 
2  was  constructed  according  to  the  specification  of  Hossfeld  ( 1 ). 


Figure  1 .  Countercurrent  Extraction  Apparatus 
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Figure  2.  Circulating  Pump 


Figure  3.  Extraction  Rates  for  Three  Extractors 


The  stirrer  was  driven  at  700  r.p.m.  Extractor  3  was  the  one 
described  in  this  paper  (Figure  1).  The  solvent  flow  rates  were 
nearly  the  same  for  extractors  2  and  3,  but  for  No.  1  the  rate  was 
somewhat  less,  being  limited  by  the  resistance  of  the  diffuser 
plate. 

The  time-recovery  data  for  the  three  extractors  for  4  liters  of 
mash  concentrate  containing  15%  of  2,3-butylene  glycol  ex¬ 
tracted  with  diethyl  ether  are  plotted  in  Figure  3.  The  ex¬ 
tractions  were  not  carried  to  completion,  since  it  is  more  efficient 
to  reconcentrate  the  mash  after  the  butylene  glycol  content  has 
been  considerably  reduced.  It  is  evident  from  Figure  3  that  the 
extraction  rate  for  the  extractor  described  in  this  paper  is  greater 
than  that  of  either  of  the  other  two  extractors.  The  periods  of 


time  required  to  remove  50%  of  the  butyl¬ 
ene  glycol  present  for  extractors  1,  2,  and  3 
were  140,  48,  and  19  hours,  respectively. 

The  extraction  unit  as  described  has  been 
used  in  these  laboratories  for  a  considerable 
period  of  time  for  extracting  2,3-butylene 
glycol  or  acetylmethylcarbinol  from  fer¬ 
mentation  mashes,  using  diethyl  ether  as 
the  solvent.  It  could  be  used  equally  well 
for  extracting  other  liquids  and  with  other 
immiscible  solvents.  No  change  in  arrange¬ 
ment  of  the  equipment  would  be  necessary 
for  other  solvents  of  less  density  than  the 
liquid  to  be  extracted,  and  modifications 
could  easily  be  made  to  enable  the  use  of  sol¬ 
vents  of  density  greater  than  the  liquid  to 
be  extracted. 

In  the  latter  case  the  layer  of  liquid  to  be 
extracted  is  at  the  top  and  the  solvent  fills 
the  lower  portion  of  the  column.  The  pump 
draws  the  liquid  from  the  top  and  introduces 
it  into  the  solvent  through  a  jet  extending  up  from  the  bottom  of 
the  column,  the  droplets  of  liquid  rising  through  the  heavier  sol¬ 
vent.  The  solvent  from  the  condenser  flows  by  gravity  through 
a  vertical  tube  extending  from  the  top  of  the  column  down  into 
the  solvent  layer.  The  solvent  flows  from  the  bottom  of  the 
column  through  a  U-tube  and  a  vertical  leg  of  tubing  connected 
horizontally  at  the  top  with  the  solvent  boiling  flask.  The  length 
of  the  vertical  leg  must  be  adjusted  according  to  the  density  of 
the  materials  employed,  so  as  to  maintain  the  proper  solvent  level, 
and  the  horizontal  tube  connecting  with  the  boiling  flask  must 
be  of  relatively  large  diameter  to  prevent  siphoning  action. 
The  authors  have  successfully  tested  this  arrangement,  using 
chloroform  as  the  solvent  to  extract  an  aqueous  solution. 

In  setting  up  the  countercurrent  liquid-liquid  extractor  for 
any  particular  purpose  the  dimensions  of  the  extraction  col¬ 
umn  and  the  sizes  of  the  flasks  employed  could  of  course  be  al¬ 
tered.  The  rate  of  extraction  is  naturally  associated  with  the 
rate  of  recirculation  of  the  liquids.  If  a  smaller  volume  of  liquid 
were  extracted  employing  the  same  rate  of  circulation,  the  extrac¬ 
tion  would  be  completed  more  quickly,  and  vice  versa. 
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Fifteen-Year  Collective  Index  for 
Analytical  Edition 

A  fifteen-year  collective  index  of  the  Analytical  Edition  of 
Industrial  and  Engineering  Chemistry,  complete  through  1943,  is 
being  prepared  by  Charles  L.  Bernier,  associate  editor  of  Chemical 
Abstracts,  with  the  expectation  of  being  able  to  issue  it  early  in  1945, 
as  a  pamphlet  of  the  same  page  size  as  regular  issues  of  the  Analyti¬ 
cal  Edition,  if  sufficient  paper  for  printing  can  be  obtained. 

Both  subject  and  author  indexes  are  to  be  included,  following  in 
general  the  practice  of  Chemical  Abstracts,  but  with  certain  varia¬ 
tions  suggested  by  the  special  nature  of  this  analytical  index. 

Present  plans  contemplate  furnishing  copies  of  the  index  at  a 
nominal  price  to  any  subscriber  to  the  Analytical  Edition  who 
places  his  order  before  publication,  and  selling  copies  after  that  time 
at  a  somewhat  higher  price.  At  present  no  definite  price  can  be 
quoted,  as  it  will  depend  somewhat  upon  the  number  of  copies 
printed.  It  will  be  very  helpful  if  those  wishing  to  receive  the  index 
will  notify  Walter  J.  Murphy,  Editor,  1155  Sixteenth  St.,  N.  W„ 
Washington  6.  D.  C.,  preferably  prior  to  October  1. 


A  New  Type  of  Microburet 

WM.  RIEMAN,  III 

School  of  Chemistry,  Rutgers  University,  New  Brunswick,  N.  J. 


II YBBINETTE  and  Benedetti-Pichler  ( 1 ,  2)  have  described 
I  I  a  microburet  in  which  the  delivery  of  liquid  is  controlled 
by  surface  forces.  This  buret  is  accurate  and  extremely  simple  in 
construction  and  operation,  but  is  not  applicable  to  all  types  of 
titrations.  It  fails,  for  example,  in  a  microdetermination  of  the 
saponification  number  of  a  fat  or  oil.  When  the  tip  is  removed 
from  the  liquid  at  the  phenolphthalein  end  point,  the  flow  of 
aydrochloric  acid  from  the  buret  continues,  probably  because  the 
presence  of  alcohol  vapor  above  the  liquid  lowers  the  interfacial 
tension  between  the  hydrochloric  acid  and  the  gaseous  phase. 

The  buret  described  in  this  paper  retains  the  advantages  of  the 
)uret  of  Hybbinette  and  Benedetti-Pichler  and  is  applicable  to 
.itrations  in  alcoholic  solutions. 

APPARATUS 

A  Pyrex  capillary  with  an  internal  diameter  of  1.3  mm.  was 
onstricted  at  one  end  to  form  a  tip  with  an  internal  diameter  of 
i.2  mm.,  and  was  bent  at  a  right  angle  7  cm.  from  the  tip  end. 
?he  longer  leg  (65  cm.)  was  attached  by  means  of  Hoffman 
lamps  to  a  stout  meter  stick  that  had  been  sawed  at  the  60-cm. 
lark  and  was  held  in  a  horizontal  position  in  an  iron  support  by 
'isher  Castaloy  clamps.  As  the  clamps  covered  the  readings  at 
ach  end  of  the  rule,  the  usable  portion  of  the  scale  extended  from 
he  2-cm.  to  the  58-cm.  mark.  The  capacity  between  these 
larks  was  0.72  ml. 

The  buret  was  cleaned  by  tilting  it  so  that  the  wide  end  was 
iwer  than  the  tip,  siphoning  through  it  cleaning  mixture,  then 
ater  and  drying  by  a  stream  of  filtered  air.  It  was  filled  for  use 
y  sucking  the  desired  solution  in  through  the  tip.  A  piece  of 
ibber  was  attached  to  the  wide  end  for  this  purpose. 

A  serious  drainage  error  is  incurred  if  the  meniscus  in  a  hori- 
intal  capillary  buret  moves  faster  than  about  15  mm.  per  minute 
0.  Because  of  the  comparatively  wide  and  long  tip,  the  menis- 
as  in  this  buret  moved  at  the  rate  of  90  mm.  per  minute.  This 
elocity  was  decreased  to  12  mm.  per  minute  by  the  insertion  of  a 
iece  of  very  fine  thermometer  capillary,  1  cm.  long,  inside  the 
ibber  tubing  just  next  to  the  end  of  the  buret. 

The  hydrostatic  head  in  this  buret  is  too  great  to  be  supported 
y  the  surface  tension  at  the  tip.  Therefore  the  titrations  were 
erformed  as  follows: 

A  weighing  bottle,  2  cm.  in  diameter  and  5  cm.  in  height, 
;rved  as  the  titration  vessel.  About  2  ml.  of  mercury  and  the 
ilution  to  be  titrated,  usually  about  0.5  ml.,  were  put  in  the 
eighing  bottle.  Next,  the  buret  was  filled  beyond  the  2-ml. 
lark  with  the  desired  solution,  which  was  allowed  to  drip  into  a 
aste  beaker  until  the  meniscus  exactly  reached  the  2.00-ml. 
iark.  ^  At  that  instant,  the  pendant  drop  was  removed  by  wiping 
ith  Kleenex  tissue.  Then  the  titration  vessel  was  placed  so  that 
le  tip  of  the  buret  was  immersed  in  the  solution  to  be  titrated. 
Tien  the  end  point  was  reached,  the  titration  vessel  was  raised  a 
w  millimeters  so  that  the  tip  was  beneath  the  surface  of  the 
ercury.  No  efflux  from  the  buret  occurred  under  these  condi- 
ons.  The  delivery  of  liquid  could  be  controlled  within  0.2  mm. 
f  lowering  or  raising  the  weighing  bottle. 

A  magnifying  glass  was  used  to  read  the  buret. 

I  The  titration  stand,  illustrated  in  Figure  1,  is  very  convenient 
r  accurate  control  of  the  buret. 

Two  boards,  2  X  9  X  20  cm.,  are  hinged  together.  A  block 
tached  to  the  lower  board  opposite  the  hinge  supports  it  in  an 

Iilique  position.  Another  block  attached  to  the  upper  surface  of 
e  lower  board  holds  between  the  boards  a  piece  of  rubber 
bing,  of  such  size  that  the  upper  board  is  supported  in  an  al- 
ost  horizontal  position.  The  buret  is  so  placed  that  the  tip 
ps  into  the  mercury  when  the  weighing  bottle  is  placed  on  the 
ration  stand.  A  slight  downward  force  on  the  upper  board  dis- 
rts  the  rubber  and  moves  the  board  so  that  the  tip  of  the  buret  is 
the  solution  to  be  titrated.  Then  the  liquid  flows  from  the 
iret.  Upon  removal  of  the  downward  force,  the  board  springs 
ick  to  its  original  position,  sealing  the  tip  with  mercury. 


CALIBRATION 

Method  1.  A  thread  of  mercury,  3  to  5  cm.  long,  was  sucked 
into  the  dry  buret  and,  by  means  of  gentle  suction  or  pressure, 
was  moved  so  that  the  left  end  was  exactly  at  2.00  cm.  The  posi¬ 
tion  of  the  right  end  was  then  read.  The  thread  was  moved  so 
that  the  left  end  stood  at  the  point  previously  occupied  by  the 
right  end,  and  the  position  of  the  right  end  was  again  read.  This 
operation  was  continued  until  the  thread  reached  the  right  end  of 
the  rule.  The  mercury  was  then  expelled  and  weighed.  Three 
calibrations  were  performed  by  this  method. 

Method  2.  The  buret  was  rotated  about  its  axis,  until  the 
tip  formed  an  angle  of  about  15°  with  the  horizontal,  and  was  then 
filled  with  mercury.  This  mercury  was  delivered  in  increments  of 
about  0.4  gram  into  a  weighing  bottle  and  weighed,  the  position  of 
the  meniscus  being  read  after  each  delivery.  Two  calibrations 
were  performed  by  this  method. 

All  five  calibrations  agreed  within  a  mean  deviation  of  ±0.02 
cm.  or  better  for  the  corrections  to  the  linear  scale.  There  was 
a  discrepancy,  however,  in  the  average  volume  of  mercury  de¬ 
livered  per  centimeter  caused  by  neglect  of  the  meniscus  error  in 
method  1.  For  method  1,  the  results  were  0.013000,  0.013011, 
and  0.012995  ml.  per  cm.;  for  method  2,  0.013025  and  0.013021 
ml.  per  cm. 

TITRATIONS 

In  order  to  test  the  buret,  three  different  types  of  titrations 
were  performed. 

Sodium  Carbonate  with  Hydrochloric  Acid.  A  solution  of 
sodium  carbonate  was  prepared  to  be  0.46589  weight-normal, 
and  30-  to  50-gram  portions  were  weighed  and  titrated  with  0.5  N 
hydrochloric  acid  in  a  calibrated  50-ml.  buret.  Two  drops  of 
0.003  M  methyl  orange  were  used  as  indicator.  A  buffer  was  pre¬ 
pared  with  20  millimoles  of  sodium  acetate,  113  millimoles  of 
acetic  acid,  and  2  drops  of  0.003  M  methyl  orange  in  80  ml.  The 
end  point  was  taken  as  the  reading  when  the  titrated  solution  had 
the  same  color  as  the  buffer.  Four  such  titrations  were  run. 


For  the  microtitration,  0.5-  to  0.7-gram  portions  of  the  sodium 
carbonate  solution  were  weighed.  One  drop  of  0.001  M  methyl 
orange  was  added  to  each.  A  comparison  buffer  was  used  con¬ 
taining  0.30  millimole  of  sodium  acetate,  1.7  millimoles  of  acetic 
acid,  and  one  drop  of  0.001  M  methyl  orange  in  1.2  ml.  Four 
such  titrations  were  run. 

Benzoic  Acid  with  Sodium  Hydroxide.  Twenty  drops  of 
0.03  M  phenolphthalein,  4.9028  grams  of  pure  benzoic  acid,  and 
approximately  200  ml.  of  neutral  95%  ethanol  were  mixed.  The 
resultant  solution  weighed  172.87  grams  and  was  therefore 
0.23224  weight-normal  with  benzoic  acid.  Three  16-  to  19-gram 
portions  of  this  solution  were  weighed  and  titrated  with  0.1  N 
sodium  hydroxide  in  a  50-ml.  buret.  Three  0.27-  to  0.29-gram 
portions  were  weighed  and  titrated  with  the  same  sodium  hy¬ 
droxide  in  the  microburet. 

Sodium  Chloride  with  Silver  Nitrate.  Similarly  three 
macrotitrations  and  three  microtitrations  of  0.17623  weight- 
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Table  I.  Results  of  Titrations 


Macrotitration  .  Microtitration 


Mean 

W 

Relative 

mean 

Mean 

W 

Relative 

mean 

V 

Reagents 

V 

deviation 

L 

deviation 

L 

G./ml. 

Parts  per 
1000 

G./cm. 

Parts  per 
1000 

Ml./ 'em. 

NajCOs-HCl 

1 . 1204 

±0.4 

0.014542 

±1.0 

0.012979 

CeHsCOOH-NaOH  0.4483 

±0.2 

0.005813 

±1.0 

0.012967 

NaCl-AgNOs 

0.5771 

±0.3 

0.007500 

±1.2 

0.012996 

normal  sodium  chloride  with  0.1  N  silver  nitrate  were  performed. 
The  indicator  for  the  macrotitrations  was  5  drops  of  0.0025  M 
dichlorofluorescein;  for  the  microtitration,  one  drop  of  0.0001  M 
solution  of  the  same  compound. 

Ferrous  Sulfate  with  Permanganate.  Attempts  were 
made  to  use  the  microburet  in  a  titration  of  ferrous  sulfate  with 
permanganate.  The  mercury  was  oxidized  so  rapidly  that  even  a 
fleeting  end  point  was  never  attained. 

The  results  of  the  foregoing  titrations  are  summarized  in 
Table  I.  The  values  in  the  second  column  are  the  mean  ratios 
of  W,  the  weight  of  the  standard  solution  taken,  over  v,  the 
volume  of  reagent  used  in  the  macrotitration.  The  values  in  the 
fourth  column  are  the  mean  ratios  of  W  over  L,  the  quantity  of 
reagent  used  in  the  microtitration  measured  in  centimeters  and 
corrected  as  indicated  by  the  calibration.  The  values  in  the  last 
column  were  obtained  by  dividing  the  values  in  the  fourth  column 
by  the  respective  values  in  the  second  column. 

DISCUSSION 

The  values  for  the  relative  mean  deviation  of  the  microtitra¬ 
tions  (Table  I)  indicate  that  the  precision  of  this  microburet  is 
satisfactory.  From  the  values  of  v/L,  it  may  be  concluded  that 


the  volume  of  dilute  aqueous  solution  delivered  per  centimeter  L 
independent  of  the  nature  of  the  solute.  The  slight  discrepancy 
for  the  silver  nitrate  is  probably  due  to  the  fact  that  the  end  poin 
of  this  titration  was  not  so  sharp  as  that  of  the  others.  The  value.- 
of  v/L  obtained  by  titration  are  appreciably  smaller  than  th« 
value  obtained  by  calibration  with  mercury.  This  is  due  to  th* 
fact  that  water  wrets  glass,  whereas  mercury  does  not. 

The  dimensions  cited  for  this  microburet  need  not  be  followec 
closely  for  other  burets  of  this  type.  A  capillary  of  smaller  bon 
can  be  used  if  a  smaller  capacity  is  desired.  A  shorter  bure 
would  be  more  convenient  and  would  require  less  time  for  a  titra 
tion,  but  would  be  less  accurate. 

The  advantages  of  this  buret  in  comparison  with  that  of  Hyb 
binette  and  Benedetti-Pichler  are  the  following:  It  can  be  usee 
in  the  titration  of  alcoholic  solutions;  the  tip  is  coarser  and  henci 
less  fragile;  and  the  tip  is  longer  and  can  accommodate  talle 
titration  vessels. 

On  the  other  hand,  this  buret  fails  in  titrations  with  perman 
ganate  and  probably  with  any  other  strong  oxidizing  agent.  Ii 
common  with  the  buret  of  Hybbinette  and  Benedetti-Pichler,  f 
requires  a  long  time  for  a  titration  because  of  the  small  velocity 
of  the  meniscus. 
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Comparative  Study  of  Rat-Curative,  Thiochrome,  and  Fermentation  Methods 

DOUGLAS  J.  HENNESSy  AND  SAMUEL  WAPNER,  Department  of  Chemistry,  Fordham  University, 

AND  JOSEPH  TRUHLAR,  Laboratory  of  Industrial  Hygiene,  New  York,  N.  Y. 


With  29  pharmaceutical  products,  no  marked  differences  were  ob¬ 
tained  by  the  rat-curative,  thiochrome,  and  fermentation  methods. 
The  average  for  the  thiochrome  values  was  95.4%  of  the  rat-curative 
values,  83%  of  the  samples  being  less  for  the  thiochrome  than  for 
the  rat-curative.  The  average  for  the  fermentation  values  was  98.3% 
of  the  rat-curative  values,  62%  of  the  samples  being  less  for  the  fer¬ 
mentation  than  for  the  rat-curative.  The  ranges  of  values  were 
moderate  and  indicate  that,  for  these  products,  any  one  of  the  three 
methods  was  satisfactory. 

THE  importance  of  laboratory  control  of  the  vitamin  content 
of  foods  and  pharmaceuticals  needs  no  emphasis.  While 
great  progress  has  been  made  in  developing  practical  analytical 
methods,  uncertainties  of  precision  and  of  accuracy  still  beset  the 
analyst.  In  this  paper,  a  comparative  study  of  the  assay  of  one 
class  of  materials  is  presented.  Results  are  shown  for  the 
thiamine  determination  of  a  number  of  pharmaceutical  products, 
for  which  three  methods,  involving  quite  different  principles  and 
procedures,  were  used. 

Considerable  effort  has  been  spent  on  the  estimation  of  thi¬ 
amine  by  several  methods  and  by  various  modifications  thereof. 
However,  many  of  the  publications  describing  these  efforts  do 
not  bear  on  the  present  problem.  This  study  is  deliberately 


limited  to  the  use  of  the  rat-curative  bioassay  (U.  S.  P.  XII) 
the  thiochrome  and  the  fermentation  assays.  These  have  beei 
previously  used  in  comparative  studies  and  the  results  wen 
sufficiently  encouraging  to  warrant  their  use  in  this  investiga 
tion. 

Hennessy  and  Cerecedo  ( 5 )  reported  fair  agreement  betweer 
the  results  of  thiochrome  and  rat-growth  assays  on  identica 
samples.  Frey  and  Hennessy  (J/)  summarized  the  results  oi 
comparative  assays  on  cereal  products  by  a  group  of  collabo¬ 
rators,  each  of  whom  used  one  or  more  of  the  three  assay  pro¬ 
cedures.  Cole,  Jones,  and  Christiansen  ( 2 )  compared  the  re¬ 
sults  of  thiochrome  and  biological  assay  on  a  limited  group  ol 
pharmaceuticals  without  noticing  serious  disagreement.  Conner 
and  Straub  (3)  assayed  a  few  cereals  and  one  vegetable  by  both 
biological  and  thiochrome  assay,  with  satisfying  results.  Lane, 
Johnson,  and  Williams  ( 8 )  reported  the  thiochrome  and  biological 
assay  results  concordant  except  for  cooked  pork.  The  fermenta¬ 
tion  method  was  shown  to  give  somewhat  higher  results  on  beef 
than  the  Hennessy  procedure  by  Hinman,  Halliday,  and  Brook- 
(7).  Biological  assays  were  reported  by  Brown,  Hamm,  and 
Harrison  (/)  to  give  significantly  higher  values  than  the  thio¬ 
chrome  procedure. 

EXPERIMENTAL 

The  methods  of  assay  were  used  without  any  attempt  to  mod¬ 
ify  the  procedures  as  described  in  the  literature. 
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Table  I.  Thiamine  Determinations 


Fermentation 


Thio¬ 

Cor¬ 

Rat- 

No. 

Stated  Content 

chrome 

Total 

rected0 

Curative 

1 

220  U.S.P.  unite/g. 

217 

259 

212 

268 

2 

1 .5  mg./capsule 

1.60 

1.72 

1.63 

1.66 

3 

1 .0  mg./capsule 

1.05 

1.21 

1.13 

1.05 

4 

333  U.S.P.  units/capsule 

351 

382 

343 

333 

6 

1.0  mg./capsule 

1.02 

1.25 

1.08 

1.17 

6 

1.5  mg./capsule 

1.56 

1.78 

1.63 

1.84 

7 

500  U.S.P.  units/capsule 

502 

519 

500 

527 

8 

500  U.S.P.  units/fluid  oz. 

528 

614 

563 

585 

9 

500  U.S.P.  units/capsule 

569 

591 

562 

580 

10 

1000  U.S.P.  units/capsule 

1000 

1028 

974 

1180 

11 

50  U.S.P.  units/tablet 

60 

74 

64 

59 

12 

50  U.S.P.  units/tablet 

55 

65 

59 

59 

13 

330  U.S.P.  units/g. 

331 

377 

326 

350 

14 

500  U  S.P.  units/fluid  oz. 

550 

683 

662 

584 

15 

125  U.S.P.  units/tablet 

117 

136 

113 

123 

16 

1.5  mg./capsule 

1.56 

1.75 

1.46 

1 .62 

17 

500  U.S.P.  units/capsule 

515 

600 

549 

558 

18 

60  U.S.P.  units/tablet 

62 

80 

70 

64 

19 

50  U.S.P.  unite/tablet 

58 

70 

63 

54 

20 

111  U.S.P.  units/tablet 

130 

124 

117 

130 

21 

333  U.S.P.  units/capsule 

363 

384 

351 

370 

22 

500  U.S.P.  units/capsule 

533 

550 

494 

522 

23 

333  U.S.P.  units/capsule 

347 

366 

360 

370 

24 

350  U.S.P.  units/capsule 

373 

386 

381 

400 

25 

85  U.S.P.  units/g. 

90 

111 

92 

87 

26 

333  U.S.P.  units/capsule 

343 

373 

371 

346 

27 

50  U.S.P.  units/tablet 

61 

73 

68 

63 

28 

1 .5  mg./tablet 

1 .60 

1.80 

1.73 

1.70 

29  72  U.S.P.  units/ml. 

For  sulfite  correction. 

82 

96 

84 

87 

Rat-Curative  Bioassay.  The  method  as  described  in  the 
.  S.  Pharmacopoeia  XII  was  used.  No  difficulty  was  en- 
mntered  in  feeding  a  sufficient  quantity  of  sample,  since  all 
■oducts  were  of  fairly  high  potency.  The  assay  was  carried 
it  at  a  definite  level  in  each  individual  case.  To  minimize 
rors  due  to  extrapolation,  a  scheme  of  interpolation  was  em- 
oyed.  This  was  made  possible  by  running  a  curative  series  in 
hich  5,  6,  and  7  micrograms  of  thiamine  chloride  were  fed  to 
x  groups  of  10  polyneuritic  rats  each.  It  was  found  that  the 
imber  of  days  in  which  10  rats  remained  cured  were:  for  5 
icrograms  82  days,  for  6  micrograms  107  days,  and  for  7 
icrograms  129  days.  Since  the  unknown  content  did  not 
ffer  from  the  assumed  content  by  more  than  21%  in  any 
.se,  the  possible  error  due  to  interpolation  could  not  be  of 
;nificant  magnitude. 

Thiochrome  Assay.  The  method  described  by  Hennessy 
id  Cerecedo  ( 5 )  as  modified  by  Hennessy  ( 6 )  for  routine  analysis 
is  followed.  The  maximum  ratio  of  extracting  solvent  to 
mple  and  the  minimum  quantity  of  thiamine  in  the  final 
iquot,  consistent  with  the  necessary  precision,  were  used, 
le  sensitivity  of  the  fiuorophotometer  permitted  the  measure- 
ent  of  0.5  microgram  of  thiamine  with  a  sensitivity  of  0.005 
icrogram,  so  that  this  level  of  vitamin  was  approximated  in 
e  final  aliquot  in  all  assays. 

Fermentation  Assay.  The  method  as  described  by  Schultz, 
;kin,  and  Frey  (9)  was  followed,  except  that  the  larger  ap- 
;jatus  described  in  their  earlier  papers  was  used.  The  sulfite 
rfrrection  was  made  in  every  determination. 

No  unusual  precautions  were  used  in  the  assays;  the  custom- 
*y  care  necessary  in  the  analyses  was  observed.  Duplicate 
i  terminations  were  made.  If  marked  differences  (greater 
10%)  appeared  in  such  duplicates,  as  happened  occasion- 
y,  the  assay  was  repeated. 

Twenty-nine  pharmaceutical  products,  made  up  in  various 
*ys  by  different  manufacturers  and  containing  different  in- 
sdients,  were  tested.  Included  were  capsules  containing  a 
mber  of  the  synthetic  vitamins,  fish  liver  oil  concentrates, 
asts,  liver  and  iron  compounds,  yeast  and  iron  compounds, 
blets  containing  synthetic  vitamins,  yeast  concentrates,  Solv- 
lin  and  iron  compounds,  liquid  preparations  containing  yeast 
tract,  yeast  concentrate,  and  malt  extract. 

In  the  following  tables  the  products  are  listed  by  number  and 
I  statement  is  given  as  to  their  composition.  Attention  is 
#:used  entirely  on  the  thiamine  content.  The  values  in  the 
Stated”  column  refer  to  the  thiamine  content  of  the  products 
l  stated  by  the  manufacturer  or  on  the  label.  These  are 
(nerally  5  to  10%  lower  than  the  actual  content  because  of  the 
cmmon  practice  of  adding  a  slight  excess  to  ensure  adequate 
tilf  life.  The  experimental  values  as  given  under  the  thio- 
trome,  fermentation,  and  rat-curative  headings  were  those 
fmd  in  the  assays.  Table  I  summarizes  these  values. 


The  order  of  the  products  given  in  Table  I  follows  no  set  plan. 
If  arranged  by  type  of  product,  thiamine  content,  etc.,  no 
regularities  were  apparent.  The  products  tested  were  sixteen 
capsules,  seven  tablets,  none  chocolate-coated,  five  liquids,  and 
one  powder. 

In  order  to  evaluate  thp  significance  of  the  experimental  re¬ 
sults,  it  is  convenient  to  recalculate  to  a  common  basis.  This  is 
done  in  Tables  II  and  III,  in  which  the  results  of  the  rat-curative 
and  thiochrome  assays  are  placed  at  100%,  respectively,  and 
the  other  data  recalculated  to  this  new  basis. 

These  tables  are  summarized  in  Table  IV  to  show  the  com¬ 
parative  ranges  of  the  results  obtained  by  the  different  methods 
of  assay. 

A  number  of  relations  are  evident  in  these  groupings.  With  the 
curative  at  100%,  the  thiochrome  results  showed  24  products 
below  100%,  5  of  them  below  90%.  The  fermentation  results 
showed  19  products  below  100%,  also  with  5  below  90%.  When 
the  thiochrome  results  were  set  at  100%,  the  fermentation  re¬ 
sults  showed  18  products  above  100%.  In  general  the  two 
biological  methods  tend  to  give  higher  thiamine  content  than 


Table  II.  Relative  Thiamine  Content 

(Based  on  rat-curative 

=  100  for  each  product) 

No. 

Thiochrome 

Fermentation 

Stated 

1 

81 

79 

82 

2 

96 

98 

90 

3 

100 

108 

95 

4 

105 

103 

100 

5 

87 

92 

85 

6 

85 

89 

81 

7 

95 

95 

95 

8 

90 

96 

85 

9 

98 

97 

86 

10 

85 

83 

85 

11 

102 

108 

85 

12 

93 

100 

85 

13 

95 

93 

94 

14 

94 

113 

86 

15 

95 

92 

102 

16 

96 

90 

93 

17 

92 

98 

89 

18 

97 

109 

@4 

19 

107 

117 

93 

20 

100 

90 

85 

21 

98 

95 

90 

22 

102 

95 

96 

23 

94 

97 

90 

24 

93 

95 

88 

25 

103 

106 

98 

26 

99 

107 

96 

27 

97 

108 

79 

28 

94 

102 

88 

29 

94 

97 

83 

Av.  95  4 

98.3 

89.6 

Table  III.  Relative  Thiamine  Content 

(Based  on  thiochrome 

=  100  for  each  product) 

No. 

Fermentation 

Rat-Curative 

Stated 

1 

98 

124 

101 

o 

102 

104 

94 

3 

108 

100 

95 

4 

98 

95 

95 

5 

106 

115 

98 

6 

105 

118 

96 

7 

100 

105 

100 

8 

107 

111 

95 

9 

99 

102 

88 

10 

97 

118 

100 

11 

107 

98 

83 

12 

107 

107 

91 

13 

99 

106 

100 

14 

120 

106 

91 

15 

97 

105 

107 

16 

94 

104 

96 

17 

107 

108 

97 

18 

113 

103 

97 

19 

109 

93 

86 

20 

90 

100 

86 

21 

95 

102 

90 

22 

93 

98 

94 

23 

104 

107 

97 

24 

102 

107 

94 

25 

102 

97 

94 

26 

108 

101 

97 

27 

112 

103 

82 

28 

108 

106 

94 

29 

102 

106 

88 

Av.  102.9 

105.1 

94.0 
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Table  IV.  Comparison  of  Results  by  Three  Methods  of  Assay 


Percentage  <80  80-85  86-90  91-§5  96-  101-  106-  111-  116- 

ranges  100  105  110  115  120 


No.  of  thio- 
chrome  vs.  cura¬ 
tive  (100%)  032  10  94100 

No.  of  fermenta¬ 
tion  vs.  cura¬ 
tive  (100%)  1  1  3  7  7  2  6  1  1 

No.  of  fermenta¬ 
tion  vs.  thio- 

chrome  (100%)  001  37692  1 


— — - Per  Cent  Extremes - 

Thiochrome  vs.  Fermentation  va.  Fermentation  vs. 

curative  (100%)  curative  (100%)  thiochrome  (100%) 

-19  to  +7  -21  to +17  -10  to +20 


the  chemical  procedure.  The  agreement  between  the  fermenta¬ 
tion  and  thiochrome  data  (25  between  91  and  110%)  is  better 
than  between  the  thiochrome  and  curative  (24  between  91  and 
110%)  because  of  the  nearly  even  distribution  in  the  former 
comparison  on  both  sides  of  100%.  It  is  also  better  than  the 
agreement  between  the  fermentation  and  the  curative  results 


Vol.  16,  No.  : 

(22  between  91  and  110%)  because  of  a  greater  grouping  of  t.h 
former  in  the  range  96  to  105% — 13  as  compared  to  9. 

t 
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Microapparatus  for  Purification  of  Solids 

JAMES  ENGLISH,  JR.,  Sterling  Chemistry  Laboratory,  Yale  University,  New  Haven,  Conn. 


X  THE  recrystallization  of  small  amounts  of  organic  com¬ 
pounds  under  certain  conditions  it  is  difficult  to  use  conventional 
apparatus.  Mechanical  losses,  such  as  those  incurred  in  transfer 
to  a  suction  filter,  and  contamination  by  evaporation  of  solvent 
from  the  crystalline  mass,  became  major  problems  in  certain 
cases.  For  example,  in  a  recrystallization  from  a  small  amount 
of  solvent,  where  there  is  little  filtrate  available,  washing  crystals 
on  the  filter  or  using  mother  liquor  as  a  wash  liquid  is  unsatis¬ 
factory.  The  clean  filtration  of  hygroscopic  or  sticky  crystals, 
or  those  suspended  in  a  thick  sirup,  is  often  difficult  with  the 
usual  suction  filter. 

The  apparatus  shown  in  Figure  1,  a  modification  of  the  Skau 
( 1 )  tube,  has  found  application  in  this  laboratory  to  problems  of 
this  type.  The  modifications  consist  of  the  introduction  of  a 
sintered-glass  plate  as  the  filter  medium  and  a  design  which 
minimizes  losses  and  eliminates  the  necessity  of  transferring  the 
crystals  to  another  vessel  for  further  treatment. 

The  apparatus  is  used  for  recrystallization  as  follows:  The 
material  to  be  recrystallized  is  dissolved  in  a  hot  solvent  in  the 
small  flask,  A  (Figure  1) ;  for  this  purpose  it  is  often  convenient  to 
attach  A  to  a  reflux  condenser  by  means  of  its  standard-taper 
ground  joint.  After  cooling  to  crystallization  the  filter  section 
and  flask  B  are  assembled  as  shown  in  Figure  1,  inverted,  and 
centrifuged.  It  is  important  to  keep  the  ground  surfaces  of  the 
joints  free  of  any  solid  material  to  prevent  the  joint  from  sticking. 
The  lower  flask  (now  flask  B)  containing  the  filtrate  is  then  re¬ 
moved  by  grasping  the  rim,  c,  if  necessary  with  the  aid  of  a 
wooden  wrench,  and  loosening  the  joint  by  a  firm  twisting  motion 
of  B.  No  difficulty  is  experienced  at  this  point  unless  the  joint 
is  put  together  while  dirty  or  the  tube  is  centrifuged  at  too  high  a 
speed.  In  the  event  that  the  joint  becomes  stuck  it  may  readily 
be  taken  apart  by  use  of  V-shaped  wooden  wedges  /  (Figure  2), 
driven  as  shown  between  flanges  c  and  d.  This  method  of  loosen¬ 
ing  ground  joints  has  been  successful  in  almost  all  cases  except 
where  serious  etching  of  the  glass  by  alkali  has  occurred.  (The 
author  is  indebted  to  F.  P.  Noble,  glass  blower  in  this  laboratory, 
for  this  valuable  suggestion.) 

The  crystals  are  now  shaken  back  into  A  and,  if  further  re¬ 
crystallizations  are  desired,  washed  down  with  the  solvent.  This 
washing  is  easily  accomplished  without  removing  the  filter  from  A 
by  adding  the  solvent  above  the  filter  disk,  b,  and  cooling  A. 
Contraction  of  the  gas  in  the  chamber  draws  the  solvent  through 
the  filter  into  the  flask,  washing  down  the  sides  at  the  same  time. 
Centrifuging  is  seldom  necessary  at  this  point.  Any  number  of 
recrystallizations  can  be  carried  out  without  opening  flask  A  to 


the  air  (diffusion  through  disk  b  is  slow)  or  incurring  a  loss  due  tc 
transfer  of  solid  from  one  vessel  to  another. 

The  dimensions  shown  are  chosen  so  that  the  tube  will  fit  the 
standard  50-ml.  carriers  for  a  size  1  centrifuge  (International) 
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tt  d  a  variety  of  shapes  and  sizes  of  flasks  may  be  used.  The  use 
<  larger  sintered-glass  disks,  b,  than  10  mm.  is  attended  with 
itne  risk  of  breakage,  but  extensive  experiments  on  this  point 
live  not  been  carried  out.  The  male  19/22  ground  joints  have 
jen  beveled  on  the  inside,  e,  to  minimize  retention  of  material 
K  the  ends  of  this  joint,  otherwise  there  may  be  losses  due  to  Sl¬ 
ide  being  driven  through  the  ground  joint  while  in  the  centrifuge, 
fie  sintered  plate,  b,  of  medium  porosity  (Jena  G-3  or  Pyrex  C) 
Is  been  found  most  useful  for  general  purposes,  but  finer  filters 
n  be  used  successfully. 

Tubes  of  the  size  shown  have  been  in  use  in  this  laboratory  for 
8reral  years  without  a  single  breakage  in  the  centrifuge  at  speeds 
i  to  1800  r.p.m.  This  speed  has  been  found  adequate  to  drain 
:  liquor  thoroughly  from  almost  any  type  of  crystals  in  a  few 
nutes.  With  nicely  formed  crystals  in  the  usual  solvents 
cohol,  ether,  etc.)  filtration  is  complete  in  a  few  seconds  and  the 
•stals  are  found  free  enough  from  solvent  to  be  shaken  readily 
m  the  filter  into  A  by  gently  tapping  the  flask.  Sticking  of 
:  ground  joints  at  these  speeds  practically  never  necessitates 
:  use  of  wedges  and  the  apparatus  is  readily  taken  apart  by 
id  as  described  above.  Mechanical  distortion  of  organic 
I’stals  in  centrifuging  has  not  been  observed  under  the  condi- 
Ins  described. 


It  has  been  found  convenient  to  combine  with  the  above 
vessels  the  bulb  c  (Figure  2)  to  facilitate  extraction  with  immisci¬ 
ble  solvents. 

The  two  phases — for  example,  a  diluted  reaction  mixture — are 
placed  in  A  and  shaken  to  equilibrium  as  with  the  usual  separa¬ 
tory  funnel,  releasing  pressure  through  the  stopcock  if  necessary. 
The  apparatus  is  then  inverted,  A  removed,  and  the  lower  phase 
drawn  out  of  C  through  the  stopcock.  A  may  now  be  replaced 
and  the  assembly  righted  again  for  further  treatment.  The 
capacity  of  C,  including  the  joint,  must  be  greater  than  the  bulb  of 
A.  A  more  convenient  and  cleaner  separation  of  phases  is  possi¬ 
ble  on  a  small  scale  with  this  apparatus  than  with  a  pipet  such  as 
is  commonly  used  for  this  purpose  in  micro  work. 

Other  pieces  of  equipment  fitted  with  19/22  joints  are  useful  in 
preparative  work  on  this  scale — for  example,  still  heads,  reflux 
condensers,  etc.  These  standard  types  of  apparatus,  which  are 
readily  attached  by  means  of  the  standard-taper  joints,  do  not 
require  special  description  and  are  varied  to  suit  individual 
problems. 
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Microtechnique  of  Qualitative  Organic  Analysis 

Identification  of  Organic  Acids  by  the  Partition  Method 

CARL  SPATT1  and  FRANK  SCHNEIDER 

Department  of  Chemistry,  Queens  College,  Flushing,  N.  V. 


DEVELOPING  the  microtechnique  of  qualitative  analysis 
>f  the  organic  acids  the  authors  found  that  the  adaptation  to  a 
■ro  scale  of  the  method  of  Duclaux  for  identifying  the  volatile 
nbers  of  the  fatty  acid  series  presented  serious  difficulties. 
3  method  requires  careful  measurement  of  the  volumes  of 
lple  and  distillates  and  control  of  the  rate  of  distillation.  Al- 
ugh  the  u  e  of  very  dilute  solutions  might  permit  fulfillment 
>:  he  first  requirement,  the  Duclaux  procedure  calls  for  at  least 
1^5  M  solutions  of  the  acids.  A  modification  of  distillation  ap- 
natus  of  the  Craig  (8)  type  could  possibly  be  used  for  collecting 
L  illates  of  small  known  volumes,  but  control  of  the 
l;  of  distillation  of  1  or  2  ml.  of  liquids  is  very  dif¬ 
ir  It.  On  the  other  hand,  the  extraction  procedures 
(Behrens  ( 1 )  and  Werkman  (5,  6)  not  only  over- 
scie  these  difficulties  but  also  seem  to  possess  a 
mber  of  advantages  over  the  Duclaux  method  even 
■a  macro  scale.  Some  of  these  advantages  which 
also  be  realized  when  working  with  microsamples 
(1)  The  method  is  not  limited  to  the  volatile 
y  acids ;  (2)  a  great  saving  in  time  may  be  effected  ; 
the  apparatus  and  procedure  are  much  simpler; 
the  “constants”  obtained  are  not  affected  by  as 
iy  factors;  and  (5)  the  method  is  more  accurate 
reliable. 

i  principle  the  method  consists  of  extracting  an 
sous  solution  of  the  acid  of  known  concentration 
i  an  organic  solvent  such  as  diethyl  or  isopropyl 
'  r.  After  the  extraction  the  concentration  of  the 
in  the  aqueous  layer  is  again  determined  and  the 
3  of  the  concentrations  before  and  after  extraction 
e  “partition  constant”.  It  has  been  found  that 
k  constant  is  characteristic  of  the  acid, 
he  procedure  given  by  Werkman  and  co-workers 

’resent  address,  Monsanto  Chemical  Co.,  Dayton,  Ohio. 


was  followed  in  general  in  developing  the  microprocedure,  but 
changes  were  made  whenever  the  microtechnique  permitted  simpli¬ 
fication  or  shortening  of  the  work .  At  first  the  authors  attempted  to 
use  the  refractive  index  of  the  solutions  as  a  measure  of  the  concen¬ 
trations  of  the  acids.  This  proved  satisfactory  when  using  higher 
concentrations  of  formic,  acetic,  propionic,  and  butyric  acids. 
However,  the  applicability  of- this  method  of  measurement  was 
limited  by  the  solubility  of  the  acid  and  the  degree  to  which  the 
particular  acid  is  extracted.  Obviously,  the  less  soluble  the  acid, 
the  more  dilute  its  solution  will  be  and  the  nearer  the  index  of  re¬ 
fraction  of  the  latter  to  that  of  pure  water.  Also,  the  more  the 
acid  is  extracted  from  the  aqueous  solution,  the  more  dilute  and 
the  more  like  pure  water  the  latter  will  become.  However,  the 
results  obtained  with  the  more  soluble  acids  show  that  the  method 
has  possibilities,  especially  where  nonvolatile  acids  such  as  citric 
or  lactic  are  concerned. 

Although  Werkman  recommends  and  uses  0.03  to  0.1  N  aque¬ 
ous  solutions  of  the  acids,  the  authors  of  the  present  paper  used 
0.3  N  solutions.  This  concentration  permitted  the  employment 
of  volumes  large  enough  to  be  handled  easily  in  micropipets  and 
burets,  but  it  was  sufficiently  high  to  avoid  most  of  the  diffi¬ 
culties  met  with  in  the  titration  of  very  dilute  solutions  (4).  The 
ratio  of  ether  to  water  was  decreased  from  that  given  by  Werk¬ 
man  in  order  to  obtain  a  greater  difference  between  the  values  of 
the  constants  for  the  various  acids. 

In  the  first  experiments  carried  out,  the  volumes  of  the  acids 
and  extractant  were  measured  out  in  capillary  pipets.  The  re¬ 
sults  were  not  found  to  be  very  precise.  A  Benedetti-Pichler- 
Hybbinette  buret  (2)  was  therefore  used  both  for  measuring  out 
the  volumes  of  the  acids  and  ether  and  for  titrating  the  original 
and  extracted  solutions. 

METHOD 

An  extraction  tube  is  prepared  by  sealing  one  end  of  a  glass 
tube  of  4-mm.  bore  and  150-mm.  length.  The  0.3  N  acid  solu- 
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tion  is  introduced  into  this  tube  from  the  buret,  a  length  of  120 
mm.  of  the  solution  being  taken,  followed  by  150  mm.  of  ethyl 
ether.  The  open  end  of  the  tube  is  sealed  and  the  contents  are 
centrifuged  back  and  forth  several  times.  The  tube  is  then  cut 
open  close  to  the  surface  of  the  ether.  A  capillary  pipet  with  a 
mark  at  the  150  cu.  mm.  point  (this  need  not  be  exactly  150  cu. 
mm.  but  the  volume  should  be  less  than  the  total  volume  of  the 
original  acid  solution)  is  prepared  as  shown  in  the  figure.  The 
capillary  portion  of  the  pipet  is  about  150  mm.  long  and  1.5 
mm.  in  bore.  The  wider  portion  is  about  60  mm.  long  and  5  to  6 
mm.  in  diameter.  This  is  dipped  down  into  the  aqueous  layer  in 
the  extraction  tube,  the  upper  end  of  the  pipet  being  held  closed 
with  the  finger.  Since  even  with  this  precaution  some  of  the 
ether  layer  will  enter  the  pipet,  a  bubble  or  two  of  air  is  carefully 
blown  through  the  pipet  to  displace  any  ether  solution.  Then 
the  required  volume  of  the  aqueous  layer  is  drawn  into  the  pipet. 
This  sample  is  transferred  to  a  microbeaker  and  there  titrated, 
using  0.3  N  sodium  hydroxide  and  phenolphthalein  as  indicator. 
Using  the  same  pipet,  an  equal  volume  of  the  original  acid  solu¬ 
tion  is  titrated  in  the  same  way.  The  ratio 

Volume  of  alkali  used  for  extracted  sample 

Volume  of  alkali  used  for  original  sample  ^ 

is^the  partition  constant. 


The  following  values  were  obtained  using  the  ratio  of  acid  ti 
ether  12  to  15  and  a  concentration  of  original  acid  about  0.3  N. 


Formic  acid 

64.3 

Acetic  acid 

48.7 

Propionic  acid 

33.7 

Butyric  acid 

14.5 

n- Valeric  acid 

5.0 

The  values  of  the  respective  constants  are  so  far  apart  that  th< 
acid  can  be  identified  without  difficulty,  even  if  small  errors  an 
made  during  the  determination. 
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Staining  Rubber  in  Ground  or  Milled  Plant  Tissues 

FERDINAND  W.  HAASIS 

Special  Guayule  Research  Project,  Bureau  of  Plant  Industry,  Soils  and  Agricultural  Engineering,  Salinas,  Calif. 


Following  suitable  pretreatment  of  samples,  differential  staining 
with  Sudan  IV  and  iodine  green  has  proved  a  useful  and  relatively 
rapid  aid  in  the  microscopic  study  of  rubber  in  ground  guayule  tis¬ 
sues,  mounts  in  many  cases  being  ready  for  examination  within  90 
minutes  after  starting  the  schedule. 


ACCESSORY  to  a  comprehensive  study  of  guayule  produc- 
i  tion  now  under  way  by  the  United  States  Department  of 
Agriculture  is  an  analysis  of  the  rubber  content  of  plants  of  vari¬ 
ous  strains  and  ages  grown  under  diverse  environmental  condi¬ 
tions.  This  analysis  is  currently  made  by  chemical  extraction 
of  the  rubber  from  finely  ground  tissues  by  a  method  based  on 
that  described  by  Spence  and  Caldwell  (9).  This  method  con¬ 
sists  of  a  number  of  distinct  steps  and  it  is  part  of  the  program  to 
test  possible  variants  of  these  steps.  As  a  check  on  the  effective¬ 
ness  of  such  tentative  modifications,  the  ground  samples  are  ex¬ 
amined  microscopically,  especially  the  spent  charges  remaining 
after  extraction, 

RUBBER-STAINING  DYES 

In  the  microscopic  inspection  of  tissues  it  is  common  practice 
to  use  various  dyes  for  staining  diverse  plant  substances,  some¬ 
times  singly,  sometimes  in  combination  (S,  pp.  9-12,  167-174). 
For  staining  rubber  in  plant  sections,  Lloyd  (9)  used  alkanet, 
while  Hall  and  Goodspeed  (4,  P-  212)  and  Artschwager  (2)  em¬ 
ployed  Sudan  III.  Other  dyes  which  stain  guayule  sections  in 
patterns  similar  to  those  of  Sudan  III  are  Sudan  IV,  Sudan  black 
B,  and  Calco  oil  blue  NA.  Unfortunately,  these  dyes  are  not 
specific  for  rubber  but  also  stain  various  other  materials,  such  as 
resins,  oils,  fats,  suberin,  and  cutin  (5,  p.  210;  4,  p.  213;  5,  p.  63; 
6;  8,  pp.  47,  48,  58;  10).  Steps  must  accordingly  be  taken  to 
eliminate  these  substances  from  the  sample  or  to  learn  to  recog¬ 
nize  them  by  some  distinctive  character  of  form,  color,  or  loca¬ 
tion.  An  experienced  microscopist  or  technician  might  be  ex¬ 
pected  to  recognize  the  various  tissues  and  substances  in  plants 
with  which  he  is  working,  often  without  any  staining  at  all  (4, 


p.  212;  6).  For  many  workers,  however,  staining  and  counter- 
staining  will  prove  an  exceedingly  useful  aid  in  studying  plant 
material.  It  is  for  this  group  that  these  notes  are  intended. 

Suberin  can  be  decomposed  by  treatment  with  potassium  hy¬ 
droxide  in  ethyl  alcohol  ( 8 ,  p.  47),  after  which  the  cork  cell  walls 
no  longer  take  up  the  rubber-staining  dye.  Any  fats  that  may 
be  present  will  likewise  be  saponified  by  the  potassium  hydroxide. 
For  getting  rid  of  resins  and  oils  acetone  or  ethyl  alcohol  may  be 
used  (4,  pp.  212,  214;  6).  Pigments  can  be  bleached  out  by 
means  of  oxidizing  agents. 

Needless  to  say,  the  microscopic  examination  of  ground  samples 
is  a  far  different  matter  from  that  of  ordinary  sections.  In  the 
ground  material  the  various  structural  elements  are  mostly  much 
displaced  from  their  original  relative  locations,  many  of  the  frag¬ 
ments  are  thicker  than  the  usual  run  of  sections,  and  the  pieces 
are  sometimes  piled  one  on  top  of  another.  The  face  exposed 
under  the  cover  glass  of  a  microscopic  mount  is  usually  longitu¬ 
dinal,  cross-sectional  exposures  being  uncommon.  Before  ex¬ 
traction,  stained  rubber  agglomerates  are  likely  to  be  fairly  plenti¬ 
ful,  especially  in  the  case  of  plants  of  high  rubber  content. 

STAINING  SCHEDULE 

The  choice  of  dye  is  partly  a  matter  of  personal  preference. 
Sudan  III  colors  rubber  somewhat  scarlet,  while  Sudan  IV  gives 
more  of  a  crimson  cast.  Sudan  black  B  gives  an  indigo  or  dark 
blue,  approaching  black,  and  Calco  oil  blue  NA  a  much  brighter 
blue.  Addicott  ( 1 )  has  recently  described  a  combination  dye 
resulting  in  a  blue  staining  of  the  rubber  with  red  coloration  of 
lignified  and  suberized  tissues.  In  working  with  ground  material 
of  guayule  and  other  plants,  the  author  found  that  Sudan  IV 
combined  with  either  iodine  green  or  methyl  green  yields  mounts 
showing  striking  contrast  between  the  crimson  of  the  stained 
rubber  and  the  blue-green  coloration  of  the  woody  tissues  and 
cork  cells.  After  considerable  testing  of  various  schedules,  he 
tentatively  settled  upon  the  following  as  giving  very  satisfactory 
differential  staining  to  the  ground  tissues  studied,  besides  being 
comparatively  fast  in  use: 
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,  Soak  in  potassium  hydroxide  solution 
Add  bleaching  solution  and  soak 
Rinse  with  water 

Stain  with  a  mixture  of  Sudan  IV  and  iodine  green 
(or  methyl  green)  solutions 
Rinse  with  water 
Mount  in  glucose  sirup 

Solutions  used 

1.  Potassium  hydroxide 
95%  ethyl  alcohol 

1  2.  A  commercial  bleaching  agent  (Clorox)  contain¬ 

ing  5.25%  sodium  hypochlorite  and  94.75% 
inert  ingredients  (according  to  analysis  pub¬ 
lished  on  the  label) 

3.  Sudan  IV  (dye  content  86%) 

Acetone 

70%  ethyl  alcohol 

4.  Iodine  green 
Acetone 

70%  ethyl  alcohol 

!  5.  Methyl  green  (dye  content  60%) 

Acetone 

70%  ethyl  alcohol 

i  6  A  commercial  table  sirup  [Karo  (crystal  white)  j 
containing,  according  to  the  label,  "corn 
sirup,  sugar,  salt,  and  vanilla" 


The  sample  to  be  stained  is  placed  in  a  small  shell  vial  to  cover 
e  bottom  to  a  depth  of  about  3  mm.  To  this  is  added  about  1 
1.  of  the  alkali  solution.  Sample  and  solution  are  thoroughly 
ixed,  care  being  taken  to  wet  all  particles.  At  the  end  of  the 
ponification  treatment  approximately  2  ml.  of  the  bleaching 
lution  are  added  to  the  vial,  without  removing  the  alkali,  and 
e  preparation  is  thoroughly  stirred  as  before.  The  sample  is 
en  washed  out  into  a  cone  of  tough  filter  paper  and  rinsed  with 
ree  funnelfuls  of  water.  The  sample  mass  is  returned  to  its 
al,  dyq  solutions  are  added,  about  0.5  ml.  of  each,  and  the  prepa- 
tion  is  once  more  thoroughly  stirred.  Good  differential  stain- 
g  takes  place  in  30  minutes  at  room  temperature.  After  the 
mple  is  washed  out  into  a  Syracuse  watch  glass,  the  water  is 
ained  off  by  capillary  action  of  a  small  folded  piece  of  bibulous 
•.per,  the  dish  is  refilled,  and  the  water  again  drained  out.  The 
3t  sample,  transferred  to  a  microscope  slide,  is  collected  into 
small  pile  and  the  excess  moisture  is  drained  away  with  a  bit  of 
bulous  paper.  Mounting  sirup  is  added,  about  2  to  4  drops, 
id  thoroughly  mixed  with  the  sample.  With  application  of  a 
tiver  glass  the  preparation  is  ready  for  examination. 

DISCUSSION 

With  the  above-outlined  schedule,  rubber  is  stained  crimson, 
;nified  tissues  and  cork  cells  bluish  green  or  blue-green.  If  su- 
rin  is  not  removed  prior  to  staining,  the  cork  cells  stain  purple 
dark  crimson  or  sometimes  partly  red  and  partly  green.  Al- 
ough  they  can  with  practice  be  recognized  by  their  distinctive 
ructure,  the  purple  or  crimson  color  is  not  always  clearly  dis- 
lguishable  from  the  stained  rubber  and  inclusion  of  the  alkali 
eatment  is  accordingly  desirable.  While  Rawlins  (8,  p.  47) 
ecifies  boiling  alcoholic  solution  of  potassium  hydroxide  for 
moval  of  suberin  and  Miller  (7)  states  that  suberin  is  soluble  in 
irm  alkali,  the  present  author  has  found  the  alcoholic  solution 
lly  effective  at  room  temperature  in  removing  from  the  cork 
11  walls  of  guayule,  mariola  ( Parthenium  incanum  HBK),  and 
yote  brush  ( Baccharis  pilularis  DC),  the  material  stainable  by 
idan  III,  Sudan  IV,  Sudan  black  B,  and  Calco  oil  blue  NA. 
fid  aqueous  solution  does  not  have  this  effect  nor  does  95% 
hyl  alcohol  alone.  With  other  plant  species  than  those  with 
fich  the  author  has  worked  the  situation  might  be  different, 
ich  worker  must,  of  course,  study  his  own  material. 

Although  a  short  treatment  with  the  bleaching  solution  does 
>t  completely  remove  pigment  from  the  larger  tissue  fragments, 
is  is  of  relatively  little  significance  when  using  Sudan  IV  as  the 
bber  stain,  since  in  guayule  the  residual  color  is  a  yellow  green 
fich  is  fully  distinguishable  from  the  stained  rubber.  Entire 
aission  of  the  bleaching  solution  results  in  poorer  staining  with 
idan  IV  and  iodine  green.  If  both  saponification  and  bleaching 


treatments  are  omitted,  the  Sudan  IV-iodine  green  mixture  ap¬ 
parently  fails  to  color  rubber  occurring  in  very  small  amounts, 
even  with  a  5-hour  treatment.  As  far  as  the  final  staining  is 
concerned,  it  makes  little,  if  any,  difference  whether  the  bleach¬ 
ing  agent  is  used  before  or  after  the  saponifying  solution,  but  the 
sample  is  easier  to  handle  when  the  alcoholic  potassium  hydrox¬ 
ide  solution  precedes  the  bleaching  solution. 

In  this  schedule  cutin,  when  present,  stains  a  light  pink  or 
lavender  color  not  readily  confused  with  the  crimson  of  the  rub¬ 
ber.  Leaf  veins  are  dull  light  green  or  blue-green. 

The  question  could  be  raised  as  to  whether  the  stained  agglom¬ 
erates  in  unextracted  ground  samples  might  not  be  resin  rather 
than  rubber.  The  texture  of  these  masses,  however,  is  very 
definitely  tough  and  elastic,  indicating  that  they  are  at  least 
mainly  of  rubber.  Furthermore,  in  view  of  the  fact  mentioned 
above  that  resins  and  oils  are  soluble  in  acetone  and  in  ethyl  al¬ 
cohol,  it  seems  probable  that  these  plant  substances  are  at  least 
in  part  removed  by  the  solvents  used  for  the  alkali  and  dye  solu¬ 
tions. 

Another  application  of  this  staining  schedule  is  in  studying 
factory  bagasse  as  a  check  on  the  completeness  of  rubber  extrac¬ 
tion  in  commercial  milling. 

The  sirup  used  in  this  technique,  which  was  suggested  by 
Johansen  (5,  p.  24),  sets  rather  slowly,  and  slides  must  accord¬ 
ingly  be  kept  flat  for  some  days  or  weeks  after  specimens  are 
mounted.  In  preparations  held  for  2  months  at  room  tempera¬ 
ture  the  cover  glass  can  be  removed  only  with  considerable  diffi- 
cultv,  while  even  those  only  a  month  old  are  fairly  well  set.  Al¬ 
though  this  sirup  mixes  freely  with  water,  an  excess  of  water 
under  the  cover  glass  is  undesirable  because  it  tends  to  flow  to  the 
edges,  subsequently  drying  out  and  leaving  ragged  spaces  on  the 
border  of  the  preparation.  No  mold  has  developed  on  any  of 
the  author’s  slides  using  this  mounting  medium,  the  oldest  pre¬ 
pared  13  months  ago. 

It  is  the  author’s  practice  to  mix  the  two  dye  solutions  together 
at  the  time  of  adding  to  the  sample,  but  they  may  be  combined 
as  much  as  a  week  in  advance  without  affecting  the  final  stain. 
Premixed  dyes  4  weeks  old  gave  differential  staining,  but  much 
less  brilliant  than  the  fresher  ones.  There  seems  no  change  in 
color  of  the  Sudan  IV  and  iodine  green  staining  in  preparations 
even  as  much  as  9  months  old. 

While  the  time  required  for  rinsing  varies  considerably  with 
the  material,  for  many  samples  mounted  slides  will  be  ready  for 
microscopic  examination  within  90  minutes  from  the  beginning 
of  the  schedule. 
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A.S.T.M.  Attracts  Large  Attendance  of  Analytical 

Chemists 

L.  T.  HALLETT,  Associate  Editor 


The  American  Society  for  Testing  Materials,  holding  its  47th  An- 
■  nual  Meeting  in  New  York,  N.  Y.,  at  the  Waldorf-Astoria  June  26 
to  30,  attracted  an  ever-increasing  number  of  analytical  chemists 
to  its  deliberations.  Widespread  interest  was  shown  in  the  sessions 
of  Committees  E2  and  E3  and  specially  in  the  Symposium  on  Analyti¬ 
cal  Colorimetry  and  Photometry  which  was  divided  into  two  sec¬ 
tions,  one  on  instrumental  applications  and  the  other  on  specific 
chemical  problems  as  exemplified  by  the  paper  by  M.  G.  Mellon  of 
Purdue  on  the  subject  “The  Chemistry  in  Colorimetry”. 

Many  analysts  are  familiar  with  Committee  E3,  formed  in  1933, 
whose  work  is  well  known  through  its  standard  and  tentative  pro¬ 
cedures.  This  committee  now  plans  a  special  study  and  revision  of  a 
number  of  analytical  procedures  with  a  view  to  incorporating  certain 
desirable  modifications  designed  to  employ  more  generally  instru¬ 
ments  such  as  the  spectrophotometer,  polarograph,  etc.,  and  adop¬ 
tion  of  newer  techniques  which  have  appeared  in  the  literature  since 
the  standard  procedures  now  in  effect  were  originally  accepted. 

Committee  E2,  formed  in  1936,  dealing  with  spectrographic  analy¬ 
sis,  works  closely  with  E3  because  problems  of  preparation  of  samples 
and  standardization  require  collaboration  of  these  two  groups. 

The  growing  interest  among  analytical  chemists  in  modern  methods 
of  analysis  was  amply  demonstrated  by  the  well-attended  Symposium 
on  Analytical  Colorimetry  and  Photometry  held  on  Wednesday, 
June  28. 

Instruments  and  the  physical  principles  underlying  their  use  were 
discussed  in  the  morning  session,  while  in  the  afternoon  specific 
methods  of  application  and  the  chemical  principles  involved  were 
presented.  The  complete  program  follows;  the  papers  will  appear 
in  A.S.T.M.  publications. 

I.  INSTRUMENTAL  SECTION 

Fundamentals  of  Colorimetric  Measurements.  J.  L.  Hague, 
National  Bureau  of  Standards. 

Photocells  in  Colorimetry.  R.  H.  Muller,  New  York  University. 
Glass  Photometric  Filters.  O.  A.  Gage,  Corning  Glass  Works. 
Filter  Photometers.  A.  E.  Ruehle,  International  Minerals  & 
Chemical  Corp. 

Spectrophotometer  Cells.  S.  E.  Q.  Ashley,  General  Electric  Co. 
Trends  in  Analytical  Chemistry.  B.  L.  Clarke,  Bell  Telephone 
Laboratories. 

Spectrophotometers.  K.  Gibson,  National  Bureau  of  Standards. 
Instrumental  Errors.  C.  I.  Luke,  Bell  Telephone  Laboratories. 
Physical  Basis  of  Light.  R.  J.  Kryteb,  Esterline-Angus  Co. 

II.  CHEMICAL  SECTION 

The  Chemistry  in  Colorimetry.  M.  G.  Mellon,  Purdue  Univer¬ 
sity. 

Bibliography  on  Colorimetric  Methods.  J.  W.  Stillman,  E.  I. 
du  Pont  de  Nemours  &  Co. 

Specific  Methods  for  Aluminum-Base  Alloys.  J.  J.  Stumm,  W.  F. 
Jobbins,  Inc. 

Specific  Methods  for  Magnesium-Base  Alloys.  V.  A.  Stenger, 
Dow  Chemical  Co. 

Specific  Methods  for  Other  Nonferrous  Alloys.  C.  Zichshkau, 
American  Smelting  and  Refining  Co. 

Specific  Methods  for  Ferrous  Alloys.  A.  Thomas,  American  Roll¬ 
ing  Mill  Co. 

Beverly  Clarke,  Chairman-Elect  of  the  New  York  Section  of  the 
American  Chemical  Society  and  associated  with  the  Bell  Telephone 
Laboratories,  welcomed  those  attending  the  symposium  and  ex¬ 
pressed  the  hope  that  they  would  come  back  to  the  A.C.S.  meeting 
in  the  fall,  also  to  be  held  in  New  York  September  10  to  15.  The 
speaker  emphasized  the  trend  in  analysis  toward  employment  of 
physical  instruments.  The  modern  analyst  must,  therefore,  be  famil¬ 
iar,  he  pointed  out,  with  simple  electronics  and  the  principles  upon 
which  these  instruments  are  based,  if  he  is  to  be  highly  successful. 

The  handling  of  analytical  problems  requiring  instruments  by  those 
primarily  trained  in  physics  was  not  considered  the  best  solution  of 
the  problem.  The  reason  for  this  was  brought  out  by  Dr.  Mellon’s 
introductory  remarks,  when  he  emphasized  that  measurement  of 


color  by  modern  instruments  is  rather  simple  but  that  to  bring 
colorimetric  procedure  to  a  point  where  a  constituent  can  be  acc 
rately  and  precisely  determined  is  often  difficult.  The  formation  of 
color  which  will  permit  measurement  of  the  concentration  of  tl 
constituent  in  the  presence  of  impurities  is  a  problem  where  thorouj 
training  in  chemistry  and  not  in  physics  is  the  answer.  The  fa 
that  calibration  curves  for  certain  colorimetric  procedures  do  n 
obey  Beer’s  law  should  not  in  itself  condemn  such  a  method. 

K.  Gibson,  of  the  National  Bureau  of  Standards,  cautioned  again 
the  errors  which  are  present  in  the  measurement  of  the  color  of  soli 
tions  which  fluoresce,  and  pointed  out  that  analysts  should  constant 
keep  in  mind  that  instruments  can  give  reproducible  results  that  a 
very  inaccurate.  The  speaker  indicated  the  importance  of  using 
high-grade  spectrophotometer  in  setting  up  a  new  colorimetr 
method.  He  also  pointed  out  that  color-measuring  instruments  i 
now  manufactured  require  individual  calibration  when  used  i 
colorimetric  determinations.  Therefore  it  is  impossible  for  a  cei 
tral  laboratory  to  distribute  standard  curves  which  can  be  use 
universally. 

R.  J.  Kryter,  Esterline-Angus  Co.,  demonstrated  some  of  tt 
properties  of  light  as  related  to  color  measurement,  showing  why  tl 
eye  is  really  a  poor  instrument  for  color  analysis.  The  photograph, 
plate  is  a  slow  and  cumbersome  means  of  measuring  light  and  th 
photoelectric  cell  has  largely  taken  its  place  in  modem  instruments. 

Ralph  Muller,  on  leave  from  New  York  University  to  M.I.T.  for  r< 
search  on  electronics,  predicted  that  as  the  result  of  war  research  ele< 
tronic  devices  released  after  the  war  will  give  the  instrumental  ai 
alysts  many  improvements  not  now  thought  possible.  Lens  system 
made  of  plastics  will  be  possible  and  the  iconoscope  will  replace  th 
photographic  plate  in  certain  light-measuring  instruments. 

The  papers  presented  in  the  afternoon  session  demonstrated  th 
use  of  filters  and  spectrophotometers  in  the  analysis  of  alloys  b; 
colorimetric  methods.  Of  particular  interest  was  the  use  of  spectro 
photometers  in  analyzing  complex  color  mixtures  for  more  than  on 
constituent. 


Analytical  Edition  Advisory  Board 
Meets  at  Woods  Hole 

All  members  of  the  Advisory  Board  of  the  Analytical  Editio: 
of  Industrial  and  Engineering  Chemistry  met  at  Woods  Hole 
Mass.,  on  Saturday,  July  1,  for  one  of  its  regular  quarterly  conferences 
Progress  of  the  work  on  the  Collective  Index  for  the  first  fifteei 
volumes  was  reported,  numerous  questions  of  policy  and  procedun 
were  discussed,  and  special  features  for  coming  issues  were  suggested 
It  was  moved  and  seconded  that  the  Chairman  of  the  Division  o; 
Analytical  and  Micro  Chemistry  of  the  American  Chemical  Socteti 
be  invited  to  participate  unofficially  in  the  deliberations  of  the  boarc 
at  future  meetings. 


X-Ray  Diffraction  Unit 

An  x-ray  diffraction  unit  developed  by  the  North  American  Philips 
Co.,  100  East  42nd  St.,  New  York,  N.  Y.,  has  a  four-windowed  tube 
enclosed  in  a  massive  bronze  housing.  Diffraction  patterns  of  four 
different  specimens  can  be  obtained  simultaneously.  A  number  of 
types  of  x-ray  tubes  can  be  provided,  including  targets  of  tungsten, 
molybdenum,  cobalt,  iron,  chromium,  and  copper.  Tubes  can  be 
changed  quickly.  Shockproof  and  rayproof,  the  unit  utilizes  full 
wave  rectification,  which  permits  higher  output  and  longer  life  from 
the  tube.  Filament  current  supply  is  stabilized,  control  of  kilovoltage 
and  milliamperage  is  smooth  and  stepless,  tube  is  protected  auto¬ 
matically  if  water  supply  fails,  equipment  has  start-stop  pushbutton 
control,  and  provision  is  made  for  use  of  automatic  exposure  timer. 
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Methods  of  Analysis  for  Anhydrous  Hydrofluoric  Acid 

Procedures  Recommended  by  Manufacturing  Chemists’  Association  Committee  (1944): 
W.  B.  Sherry,  General  Chemical  Company,  C.  F.  Swinehart,  Harshaw  Chemical  Company, 
R.  A.  Dunphy,  Kinetic  Chemicals,  Inc.,  and  S.  C.  Ogburn,  Chairman,  Pennsylvania 

Salt  Manufacturing  Company 

The  Analytical  Edition  is  privileged  to  present  here  procedures  for  anhydrous  hydrofluoric  acid  recom¬ 
mended  by  the  Manufacturing  Chemists’  Association  Committee  (1944).  While  these  naturally  include 
contributions  from  one  of  its  members  which  have  appeared  in  the  ANALYTICAL  EDITION  [Swinehart  and  Flisik, 

16,  419  (1944)],  the  methods  as  published  here  constitute  the  association  committee’s  official  report  and 

hence  are  printed  in  full. 


HYDROUS  hydrofluoric  acid  is  a  colorless,  fuming,  corro- 
#  \  sive  liquid  at  relatively  cool  temperatures.  Although  it  has 
a  pressure  of  only  about  0.5  pound  gage  at  22°  C.,  it  is  shipped  in 
pressure  containers  because  its  boiling  point  (19.4°  C.)  is  often 
exceeded  by  the  temperatures  at  which  it  is  transported  and  used. 
Its  freezing  point  is  approximately  -83°  C.,  its  vapor  pressure  is 
approximately  2.5  atmospheres  at  50°  C.,  and  its  density  is  1.0 
at  0°  C.  Its  heat  of  vaporization  is  about  6000  calories  per 
formula  weight,  and  it  has  a  low  viscosity  and  surface  tension. 
For  all  practical  purposes,  pipe  sizes  used  in  handling  the  liquid 
anhydrous  hydrofluoric  acid  may  be  based  on  water  data.  As 
it  is  very  hygroscopic,  due  care  should  be  used  to  prevent  mois¬ 
ture  pickup  in  order  to  avoid  errors  in  analysis,  and  precautions 
should  be  taken  to  prevent  accumulation  of  water  in  apparatus, 
lines,  or  valves  used. 

Liquid  anhydrous  hydrofluoric  acid  attacks  glass  and  most 
organic  substances.  It  will  react  immediately  with  the  skin  upon 
contact,  causing  serious  burns,  and  its  fumes  are  irritating  to 
the  eyes  and  the  mucous  membrane.  Care  should  be  used  to 
avoid  contact  with  the  liquid  acid  and  its  fumes,  and  workers 
should  wear  proper  rubber-coated  coat  or  apron,  neoprene  gloves, 
and  face  shields.  Hoods  with  adequate  ventilation  are  indicated 
for  working  with  this  acid  in  the  laboratory;  otherwise  proper 
respirators  should  be  worn.  Water  supply  should  be  readily 
available  for  thorough  and  prolonged  flushing  in  case  of  accidental 
contact  with  the  skin. 

Steel,  Monel,  copper,  silver,  and  platinum  are  resistant  to  the 
acid,  and  may  be  used  in  the  construction  of  equipment  for  han¬ 
dling  it.  Cast  iron,  or  other  metals  containing  silicon,  should  not 
be  used  with  anhydrous  hydrofluoric  acid. 

GENERAL  PRECAUTIONS 

The  Division  of  Industrial  Hygiene,  National  Institute  of 
Health,  has  issued  specific  recommendations  for  the  treatment  of 
hydrofluoric  acid  burns,  prepared  in  consultation  with  medical 
and  technical  personnel  of  acid  manufacturers  ( 2 ,  3). 

SAMPLING  PROCEDURES 

The  taking  of  the  sample  in  many  instances  constitutes  an 
important  part  of  the  analysis.  Obviously  the  more  closely  the 
sample  is  representative  of  the  material  whose  composition  is 


sought,  the  more  nearly  will  the  subsequent  analysis  reflect  its 
true  composition.  It  is  fortunate  from  an  analytical  standpoint 
that  anhydrous  hydrofluoric  acid  is  ordinarily  in  the  form  of  a 
homogeneous  liquid  and  the  analysis  is  generally  reported  on  the 
liquid  phase.  On  the  other  hand,  amounts  of  impurities  present 
in  the  anhydrous  hydrofluoric  acid  currently  manufactured  are 
of  such  a  low  order  of  magnitude  that  extreme  care  is  necessary 
in  order  that  the  sample  taken  for  analysis  shall  not  be  vitiated 
by  the  loss  or  addition  of  any  of  these  impurities. 

The  principal  impurities  in  anhydrous  hydrofluoric  acid  are 
silicon  tetrafluoride,  sulfur  dioxide,  fluosulfonic  acid,  sulfuric 
acid,  water,  and  metallic  salts.  The  determination  of  the  total 
acidity  and  the  percentage  of  actual  hydrofluoric  acid  in  the 
sample  are  of  fundamental  importance. 

Anhydrous  hydrofluoric  acid  is  now  generally  stored  in  steel 
tanks  and  shipped  in  steel  tank  cars,  and  it  is  transferred  from  the 
storage  tank  to  the  tank  car,  or  vice  versa,  by  two  different 
methods — i.e.,  by  blowing  with  compressed  air  (or  other  suitable 
gas),  or  by  means  of  a  pump.  The  use  of  a  pump  simplifies  the 
taking  of  a  representative  sample  from  any  storage  tank,  or  tank 
car,  if  the  discharge  line  from  the  pump  is  connected  not  only  to 
the  point  where  the  acid  is  to  be  transferred  but  also  back  to  the 
tank,  or  tank  car,  from  which  the  pump  is  delivering  acid — in 
other  words,  if  the  acid  is  thus  recycled  for  a  sufficient  length  of 
time,  a  sample  properly  drawn  from  a  suitable  connection  on  the 
pump  line  would  be  truly  representative  of  the  material  in  the 
tank,  or  tank  car.  Where  the  “blowing”  method  of  transfer  is 
used,  a  sufficient  quantity  of  acid  must  first  be  blown  through 
the  lines  to  eliminate  any  impurities  in  the  lines  in  order  that  the 
sample,  when  taken,  may  be  identical  with  the  material  in  the 
tank,  or  tank  car. 

Cylinders  for  Taking  Samples.  Cylinders  with  valves 
suitable  for  hydrofluoric  acid  make  convenient  containers  for 
drawing  samples  of  anhydrous  hydrofluoric  acid.  These  cyl¬ 
inders  may  then  be  transported  to  the  laboratory  where  small 
amounts  are  taken  out  for  analysis.  Cylinders  should  not  be 
filled  to  more  than  85%  of  their  water  capacity  by  weight.  (They 
should  also  be  hydrostatically  tested  before  being  put  in  this 
service ;  a  test  pressure  of  at  least  300  pounds  per  square  inch  is 
recommended.) 

Cylinders  usually  used  have  water  capacities  of  approximately 
8.8  pounds  or  120  pounds.  It  is  essential  that  the  tare  weight 
and  capacity  be  known  for  each  cylinder.  Cylinders  should 
be  weighed  as  they  are  filled  and  again  when  disconnected, 
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in  order  to  guard  against  overfilling.  In  case  a  cylinder  is  over¬ 
weight,  some  liquid  should  be  run  out  before  it  has  had  an  op¬ 
portunity  to  warm  up.  (The  usual  safety  precautions  should  be 
taken  when  running  out  any  liquid  hydrofluoric  acid.)  Finally, 
the  cylinder  should  be  properly  labeled  with  the  name  of  the 
material  it  contains,  the  charge  or  lot  number,  and  any  other 
pertinent  information. 

Clean,  dry  cylinders  should  be  evacuated  and  the  sample  run 
in  as  liquid.  Cylinders  already  having  anhydrous  acid  in  them 
may  be  vented  at  80°  to  100°  F.,  first  in  an  upright  position  to 
remove  air  in  the  gas  phase,  then  inverted  to  drain  all  the  liquid 
out.  When  all  the  acid  has  been  run  out,  the  valve  should  be 
closed.  The  cylinder  should  then  be  cooled,  when  it  is  neces¬ 
sary  to  draw  the  sample  from  a  low-pressure  line  or  from  another 
cylinder. 

It  is  preferable  to  use  cylinders  prepared  by  the  latter  pro¬ 
cedure  because  they  introduce  less  contamination  of  the  sample  by 
iron,  etc.  (This  is  because  in  addition  to  loose  particles  of  foreign 
material  removed  from  the  cylinder  by  repeated  flushings  with 
anhydrous  hydrofluoric  acid,  the  inside  of  the  cylinder  becomes 
passified — that  is,  a  protective  film  of  iron  fluoride  is  formed 
covering  the  inside  of  the  cylinder.  This  passification  is  de¬ 
stroyed  by  subsequent  washing  with  water,  which  should  be 
avoided  unless  absolutely  necessary.) 

Samples  from  Tank  Cars.  Manual  TC-5  gives  two  methods 
for  unloading  anhydrous  hydrofluoric  acid  tank  cars  (3).  The 
piping  diagrams  in  this  manual  make  provision  for  sample  con¬ 
nections,  valve  E  in  Figure  3  and  valve  7  in  Figure  4.  In  the 
installation  of  these  valves,  attention  should  be  given  the  orienta¬ 
tion  of  the  connection,  so  that  only  the  liquid  phase  is  drawn. 
Connections  from  these  valves  to  the  sample  cylinder  should  be 
with  small  pipe  or  tubing  and  a  scale  provided  for  weighing  the 
cylinder  while  being  filled.  Provision  should  be  made  for  dis¬ 
posing  of  the  acid  used  to  wash  out  these  fines  and  that  vented 
from  the  fines  in  the  unloading  schedule. 

Drawing  the  Sample.  A  representative  sample  of  a  tank  car, 
or  storage  tank,  may  be  obtained  by  drawing  off  into  the  large 
cylinder  approximately  1  pound  for  each  1000  pounds  trans¬ 
ferred  as  the  tank  car  or  storage  tank  is  being  emptied.  The 
amount  of  acid  transferred  can  be  determined  from  weights  on 
storage  tanks,  the  time  required  to  transfer  the  acid,  or  other 
means  of  measuring.  This  large  cylinder  is  then  inverted  and 
the  small  laboratory  sample  cylinder  filled  from  it. 

Note.  In  some  plants  the  location  of  the  analytical  laboratory 
may  be  such  that  it  is  not  necessary  to  withdraw  samples  of  anhydrous 
hydrofluoric  acid  in  cylinders  for  analysis  as  described  above.  This  is 
especially  true  where  the  pumping  and  recycling  method  is  employed. 
In  such  cases,  the  sample  weighing  tube  may  be  attached  directly  to 
a  convenient  place  in  the  installation,  such  as  at  valve  7  in  Figure  4 
of  manual  TC-5  (3). 

Liquid  anhydrous  hydrofluoric  acid  from  the  sample  cylinder 
(or  other  source)  is  run  into  ice  in  a  sample  weighing  tube  of  spe¬ 
cial  design,  the  approximate  dimensions  of  which  are  2.25  inches 
in  diameter  by  8.5  inches  high.  A  perforated  grid  divides  the 
bottle  into  an  upper  and  lower  compartment  and  some  ice  is 
placed  in  each.  The  acid  is  introduced  through  a  0.25-inch 
tube  which  extends  through  the  grid.  When  filled,  if  weighs 
less  than  500  grams  and  should  be  weighed  to  an  accuracy  of  15 
mg.  (A  torsion  balance  of  500-gram  capacity  is  suitable  for 
this  purpose.) 

Description  and  Use  of  Sample  Weighing  Tube.  The 
plastic  weighing  tube  (Figure  1),  designed  by  The  Harshaw 
Chemical  Company,  is  available  as  a  standard  piece  of  laboratory 
equipment  and  may  be  purchased  from  Harshaw  Scientific  Divi¬ 
sion  of  The  Harshaw  Chemical  Company,  Cleveland,  Ohio. 

Note.  This  tube  may  be  constructed,  if  desired,  by  machining  from 
2  inch  I.P.S.  extra-heavy-wall  hard-rubber  pipe.  If  hard  rubber  is 
used,  it  should  be  lined  with  paraffin  wax  to  render  it  impervious  to 
hydrofluoric  acid.  Quaker  State  “M”  with  a  melting  point  of  165°  F. 
is  suitable.  The  inner  tube  fittings  and  perforated  grid  are  made  of 
Saran.  An  adapter  should  be  provided  for  connecting  from  the  cylin¬ 
der  valve,  or  pipe  connection,  to  the  0.25-inch  SAE  flare  nut  on  the 
Saran  tube. 

A  supporting  stand  for  holding  the  sample  cylinder  at  the  right 
height  over  a  trip  balance  is  shown  in  Figure  2.  Cylinders,  filled 
to  85%  of  their  water  capacity,  should  be  placed  horizontally  on 
the  stand.  The  liquid  inside  should  cover  the  valve  outlet.  If 
the  cylinder  is  not  sufficiently  filled,  it  may  be  necessary  to  tilt 
it  slightly. 

Before  drawing  a  sample  into  the  tube  for  analysis,  place  the 
sample  cylinder  on  the  support  in  a  position  to  ensure  with¬ 
drawal  of  the  liquid  phase  only.  Place  a  Harvard  trip  balance 


Figure  1.  Assembly  of  Sample  Weighing  Tube 
Maximum  weisht,  complete  assembly,  300  grams 


(sensitivity  need  be  no  greater  than  ±1.0  gram)  so  that  the  left 
pan  is  in  fine  with  the  cylinder  valve  outlet.  Place  the  sample 
weighing  tube  on  the  left  pan  and  add  enough  weights  to  the 
other  pan  to  overbalance  in  order  to  hold  the  weighing  tube  at  its 
highest  position  on  the  balance.  Loosely  couple  the  Saran  tube 
assembly  to  the  cylinder  adapter,  then  raise  or  lower  the  balance 
so  that  the  hook  on  the  Saran  tube  is  in  fine  with  the  top  of  the 
weighing  tube.  [Caution.  This  adjustment  is  necessary  to 
prevent  suck-back  of  the  liquid  into  cylinder  valve.  Fix  the 
cylinder  (or  pipe  connection)  securely  in  order  to  prevent  slipping 
when  the  valve  is  opened.  Place  the  entire  setup  under  a  good 
hood,  or  in  a  well- ventilated  location.] 

Prior  to  use,  dry  the  sample  weighing  tube  and  inner  Saran 
tube  at  room  temperature  by  forcing  dry  air  into  it  until  globules 
of  water  or  moist  areas  are  no  longer  visible.  If  a  hard-rubber 
tube  is  used,  it  should  be  rewaxed  when  there  are  any  bare  spots 
in  the  coating  or  when  any  odor  of  hydrofluoric  acid  is  detected 
when  tube  is  dry.  Plastic  tubes  do  not  require  a  wax  coating  in¬ 
side. 

^  eigh  the  entire  dried  sample  weighing  tube  (inner  Saran  tube 
and  stopper  included,  but  not  assembled)  on  the  torsion  balance, 
using  rough  weights,  or  make  up  an  approximate  tare  weight, 
and  balance  exactly  with  the  sliding  weight.  (The  accuracy  of 
this  torsion  balance  should  be  tested  for  such  factors  as  equality 
of  arms,  positioning  of  weights,  etc.,  and  suitable  corrections  made 
if  the  errors  are  in  excess  of  20  mg.)  Afterwards  do  not  disturb 
the  tare  weights.  Make  all  succeeding  weighings  by  adding 
analytical  weights.  Carry  out  subsequent  operations  quickly 
in  order  to  avoid  changes  in  weight  from  evaporation  or  con¬ 
densation  of  moisture. 

Place  80  grams  of  chopped  ice  in  the  bottom  part  of  the  sample 
weighing  tube.  Properly  insert  the  Saran  tube  so  that  the  per¬ 
forated  grid  rests  flat  on  the  narrow  ledge  and  the  hook  rests  over 
the  rim.  Add  50  grams  of  chopped  ice  to  the  top  part  of  the 
tube  above  the  grid.  Wipe  off  any  droplets  of  water  on  the 
outside  of  the  weighing  tube  or  on  the  coupling.  Carefully 
w.-igh  the  entire  assembly,  including  stopper,  adding  only  analyti¬ 
cal  weights,  and  record  the  total  weight  of  ice  added.  The  ice 
in  the  bottom  of  the  tube  serves  to  absorb  the  heat  of  dilution  of 
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the  hydrogen  fluoride,  while  that  in  the  top  serves  to  trap  any 
vapors  formed  through  local  concentration  of  heat. 

The  entire  weight  of  ice  must  not  greatly  exceed  130  grams, 
as  this  amount  when  melted,  plus  about  40  grams  of  sample,  will 
not  allow  the  liquid  level  to  rise  above  the  outlet  of  the  Saran 
tube.  If  the  setup  is  exactly  as  described  above,  a  clearance  of 
about  2  inches  is  assured.  ( Caution .  Never  allow  the  Saran 
tube  outlet  to  be  submerged  during  the  addition  of  the  sample, 
for  then  a  very  rapid  suck-back  results,  which  would  ruin  the 
sample  and  may  cause  an  explosion.) 

With  the  sample  cylinder  in  place,  open  the  sample  cylinder 
valve  slightly  ( Caution .  Rubber  gloves  should  be  worn.)  and 
allow  a  few  milliliters  of  the  acid  to  flow  out  into  a  Monel  waste 
beaker  to  sweep  the  outlet  free  from  any  condensed  water  that 
may  be  present.  Place  the  sample  weighing  tube  (without  the 
rubber  stopper)  on  the  Harvard  trip  balance  (as  shown  in  Figure 
2)  and  immediately  couple  the  Saran  tube  to  the  cylinder  adapter, 
tightening  with  a  wrench.  Balance  with  the  rough  weights 
and  make  certain  that  the  Saran  tube  does  not  hinder  the  bal¬ 
ance  swing,  then  add  40  grams  more  weights.  Carefully  open 
the  sample  cylinder  valve  slightly,  and  adjust  the  flow  of  anhy¬ 
drous  hydrofluoric  acid  to  about  10  grams  per  minute.  As  the 
acid  strikes  the  ice,  a  sizzling  sound  may  be  faintly  heard  and 
through  this  guidance  the  rate  of  flow  may  be  varied.  During 
the  flow,  watch  the  top  of  the  weighing  tube  for  escaping  vapors, 
and,  as  soon  as  any  are  seen,  slow  down  the  flow.  Test  the 
balance  swing  to  make  certain  shifting  ice  in  the  upper  part  does 
not  cause  sufficient  friction  against  the  Saran  tube  to  hinder  the 
swing.  Continue  the  flow  of  acid  sample  until  the  40  grams  is 
approximately  balanced;  then  close  the  cylinder  valve.  After  a 
delay  of  15  seconds,  disconnect  the  Saran  tube  and  drop  it  care¬ 
fully  into  the  sample  weighing  tube,  which  is  then  stoppered 
tightly. 

Weigh  the  sample  tube  accurately  on  the  torsion  balance,  add¬ 
ing  only  analytical  weights,  and  record  the  additional  weight  over 
the  ice  weight  as  the  sample  weight.  Mix  thoroughly  by  careful 


inversion  until  all  the  ice  melts,  being  certain  to  keep  the  tube 
tightly  stoppered,  so  that  none  of  the  solution  is  lost  before  the  ice 
melts  and  the  solution  becomes  homogeneous.  Remove  the  Saran 
tube  and  restopper  without  delay  to  prevent  escape  of  sulfur 
dioxide.  (The  well-mixed  diluted  acid  clinging  to  the  Saran  tube 
will  be  of  no  consequence,  since  aliquot  weights  will  be  taken 
for  analysis.)  Clean  and  dry  the  Saran  tube  at  once.  Pro¬ 
ceed  with  determinations  covered  below  without  delay,  using 
aliquot  portions  taken  by  weight. 


ANALyTICAL  DETERMINATIONS 

Sulfur  Dioxide.  This  constituent  must  be  the  first  one 
determined,  because  the  opening  of  the  weighing  tube  for  taking 
the  other  aliquot  samples  may  result  in.  loss  of  sulfur  dioxide. 
Determination  should  be  made  as  promptly  as  possible,  avoiding 
standing  in  the  sample  bottle  prior  to  analysis. 

Provide  a  well-waxed  250-ml.  beaker  and  a  Bakelite,  or  Saran, 
stirring  rod.  To  this  beaker  add  50  ml.  of  water  and  exactly 
10  ml.  of  standard  0.1  N  iodide-iodate  solution  (f).  This 
iodine  solution  should  be  standardized  at  frequent  intervals  to 
ensure  maximum  accuracy.  Weigh  on  a  torsion  balance.  Place 
a  50-gram  weight  on  the  balance  pan,  then  pour  an  aliquot 
portion  of  the  sample  into  the  beaker  carefully  until  slightly 
overbalanced.  Weigh  accurately  to  ±0.5  gram.  Back-titrate 
the  excess  liberated  iodine  with  standard  0.1  N  thiosulfate,  using 
starch  solution  as  indicator.  If  no  color  appears  upon  adding 
starch,  titrate  with  iodide-iodate  to  a  blue  color.  Calculate  the 
percentage  of  sulfur  dioxide  in  the  hydrofluoric  acid  as  follows: 


Weight  of  sample  = 


weight  of  aliquot  X 


_ weight  of  anydrous  HF _ 

weight  of  ice  +  weight  of  anhydrous  HF 
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or  cr>  —  i0(iate  solution  X  normality  X  3.203 

weight  of  sample 


Total  Acidity.  Weigh  a  dried  platinum  weighing  bottle, 
with  cover,  on  an  analytical  balance.  (Type  bottle  as  shown 
in  Figure  3  may  be  used.)  Transfer  7  to  8  ml.  (7  to  8  ml.  of 
the  diluted  acid  will  require  between  75  and  95  ml.  of  N 
sodium  hydroxide  for  titration)  of  the  diluted  acid  sample  with 
a  Saran  dropping  pipet  fitted  with  a  rubber  bulb  at  the 
top.  Cover  the  weighing  bottle  and 
reweigh. 

Transfer  about  25  ml.  of  distilled 
water  to  a  200-ml.  platinum  dish.  (A 
silver  or  Monel  dish,  or  a  250-ml.  glass 
beaker  coated  with  wax,  serves  as  an 
acceptable  substitute.)  Add  1  ml.  of 
phenolphthalein  indicator  (0.1% 
phenolphthalein  solution  in  denatured 
alcohol)  and  just  enough  N  sodium 
hydroxide  solution  to  give  a  pink  color. 

(Only  a  fraction  of  a  drop  of  N  sodium 
hydroxide  normally  will  be  needed  to 
produce  a  pink  color.)  Allow  about 
75  ml.  of  N  sodium  hydroxide  solu¬ 
tion  to  run  from  the  chamber  buret 
into  the  platinum  dish. 

Immediately  submerge  the  weighing 
bottle  in  the  platinum  dish  and  loosen 
the  cover.  Stir,  and  titrate  wfith  N 
sodium  hydroxide  to  the  first  perma¬ 
nent  pink  color  of  the  indicator.  Heat 
the  solution  to  boiling  and  if  the 
color  fades,  add  more  sodium  hy¬ 
droxide  to  the  first  permanent  pink 

color.  (If  a  wax-fined  beaker  is  used,  the  solution  must  be 
transferred  to  an  uncoated  beaker  before  heating.) 

Calculations. 


Figure  3.  Platinum 
Weighing  Bottle 
Approximate  weight, 
22  grams 


Calculations. 


Weight  of  sample  = 


weight  of  aliquot  X 


_ weight  of  anhydrous  HF _ 

weight  of  ice  +  weight  of  anhydrous  HF 


%  hydrofluosilicic  acid  = 


ml.  of  0.1  N  NaOH  X  normality  X  0.036  X  100 

weight  of  sample 


Fe  Added 

Hi>SiF6  Found 

Error  Caused 
by  Iron, 

Grams 

% 

Grams 

0.198 

% 

0.132 

%'  H2SiF6 

0.000 

0.003 

0.02 

0.188 

0.125 

0.007 

0.006 

0.04 

0.172 

0.115 

0.017 

0.009 

0.06 

0.151 

0.101 

0.031 

0.012 

0.08 

0.137 

0.091 

0.041 

0.015 

0.10 

0.125 

0.083 

0.049 

Sulfuric  Acid  (Sulfuric  Acid  and  Fluosulfonic  Acid,  Calcu¬ 
lated  as  Sulfuric  Acid).  Weich  on  a  torsion  balance  a  50.0- 
gram  aliquot  of  the  sample  into  a  75-ml.  platinum  dish  and 
evaporate  to  apparent  dryness  on  a  water  bath.  Add  10  ml.  of 
water  and  evaporate  again  to  dryness  on  the  water  bath.  Repeat 
the  evaporations  with  water  until  no  odor  of  hydrofluoric  acid  is 
detected  when  hot,  then  add  water  and  evaporate  once  more. 
Usually  two  evaporations  with  water  are  sufficient  for  sulfuric 
acid  contents  below  0.1%. 

Y\  hen  all  the  hydrofluoric  acid  has  been  expelled,  add  25  ml. 
of  carbon  dioxide-free  water,  1  gram  of  sodium  fluoride,  and 
1  gram  of  potassium  oxalate.  Titrate  with  0.1  N  alkali  using 
phenolphthalein  indicator.  The  titration  is  equivalent  to 
sulfuric  and  fluosulfonic  acid.  Calculate  as  sulfuric  acid  and 
report  to  two  significant  figures. 


Weight  of  sample  = 


weight  of  aliquot  X 


_ weight  of  anhydrous  HF _ 

weight  of  ice  +  weight  of  anhydrous  HF 


weight  of  sample  = 


weight  of  aliquot  X 


weight  of  anhydrous  HF 
weight  of  ice  X  weight  of  anhydrous  HF 


%  total  acidity  as  HF  =  ™L.of  NaQH  X  normality  X  0.02  X  100 


Hydrofluosilicic  Acid.  Weigh  50  grams  of  diluted  hydro¬ 
fluoric  acid  in  a  platinum  beaker  (dull  finish  preferred)  'on  a 
platform  balance  (±0.5-gram  accuracy).  Add  0.2  gram  of 
sodium  chloride  and  stir  until  the  salt  has  dissolved.  Place  the 
beaker  on  a  steam  bath  and  evaporate  to  dryness. 

Add  25  ml.  of  distilled  water  and  stir  until  the  solids  have 
dissolved.  Add  2  grams  of  potassium  chloride  and  again  stir 
until  dissolved.  Add  1  ml.  of  phenolphthalein  indicator. 

Place  the  beaker  in  an  ice  bath  and  allow  to  cool  for  at  least 
15  minutes.  Carefully  titrate  the  cold  solution  with  silica-free 
N  sodium  hydroxide  until  the  end  point  has  nearly  been  reached. 
(If  silica-free  alkali  is  not  readily  available,  the  silica  content  of 
the  alkali  used  may  be  determined  and  subtracted  as  a  blank.) 
Complete  the  titration  with  0.1  if  silica-free  sodium  hydroxide 
to  the  first  pink  color  that  persists  for  at  least  15  seconds.  Neg¬ 
lect  the  amount  of  alkali  added  to  this  point.  (It  is  desirable 
to  neutralize  most  of  the  acid  fluorides  with  N  alkali  and  to  finish 
the  neutralization  with  0.1  N  alkali  as  directed.  If  dilute  sodium 
hydroxide  is  used  for  the  entire  neutralization,  the  large  volume 
required  dilutes  the  solution,  and  also  raises  its  temperature. 
Both  of  these  factors  lead  to  a  fading  endpoint;  some  of  the 
silica  is  hydrolyzed,  and  the  results  tend  to  be  low.) 

Heat  the  solution  to  boiling  and  titrate  with  0.1  N  sodium 
hydroxide  to  a  pink  end  point.  Reheat  to  boiling  and  finish 
the  titration  of  the  hot  solution  to  the  first  pink  which  persists 
for  45  seconds.  With  less  than  0.1%  of  silica,  this  second 
heating  is  not  necessary .  Record  the  volume  of  sodium  hydrox¬ 
ide  used  for  the  hot  titration  only,  which  is  equivalent  to  the 
silica.  (Appreciable  quantities  of  iron  interfere  with  hydro¬ 
fluosilicic  acid  determination,  causing  low  values,  as  shown  in  the 
data  table  below.  Present  experience  indicates  the  iron  content 
of  anhydrous  hydrofluoric  acid  is  generally  less  than  0.01%,  as 
iron,  on  anhydrous  hydrofluoric  acid  basis,  even  when  the  acid  is 
shipped  or  stored  in  steel  containers.  However,  when  iron  con¬ 
tent  is  0.02%,  or  higher,  a  correction  should  be  applied  based 
upon  the  amount  of  iron  present.) 


%  (H,S04  +  HS03F)  as  H2SO<  = 

ml.  of  0.1  N  NaOH  X  normality  X  0.049  X  100 
weight  of  sample 

Note.  The  sodium  fluoride  should  be  fluosilicate-free  and  neutral. 
It  is  added  to  prevent  the  hydrolysis  of  iron  and  aluminum  salts. 
Potassium  oxalate  is  added  to  fix  salts  of  copper,  nickel,  lead,  etc. 
Both  these  reagents  may  be  omitted  when  the  metal  impurities  are 
absent. 

Determination  of  Water.  For  the  alkylation  grade  of 
anhydrous  hydrofluoric  acid,  water  is  regarded  as  the  difference 
from  100%,  subtracting  the  assay  and  impurities. 
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Physical  Methods  of  Analysis  of  Synthetic  and 
Natural  Rubber — Correction 

In  the  article  “Physical  Methods  of  Analysis  of  Synthetic  and 
Natural  Rubber”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  16,  9  (1944)]  under 
the  section  “Dissolving  Rubber  Hydrocarbon  and  Separating  It  from 
Compounding  Ingredients”,  page  13,  Method  II,  the  directions 
should  read:  “Sheet  the  sample  to  a  thickness  of  approximately 
0.0375  cm.  (0.015  inch)  on  a  tight  cold  15  X  30  cm.  (6  X  12)  inch 
laboratory  mill.” 

A.  R.  Davis 


Accelerated  Method  for  Determining  Moisture  Absorption 
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An  accelerated  method  for  moisture-absorption  measurements  is 
described.  Factors  such  as  temperature,  the  size,  depth,  and  number 
of  dishes,  and  the  arrangement  in  the  humidity  chamber  influence  the 
final  results.  Careful  standardization  of  all  conditions,  therefore,  is 
essential  in  order  to  obtain  reproducible  results.  Considerable  time 
can  be  saved  by  the  accelerated  method  in  making  equilibrium 
moisture-absorption  measurements  of  fertilizers. 

THE  accurate  evaluation  of  the  moisture-absorption  ten¬ 
dencies  of  fertilizer  materials  and  mixed  fertilizers  is  of  great 
importance  in  predicting  the  behavior  of  these  materials  in  stor¬ 
age  under  humid  conditions.  Ordinarily,  determinations  are 
made  by  exposing  tared  samples  to  humidified  air  in  a  desiccator 
containing  either  a  saturated  salt  solution  or  a  sulfuric  acid  solu¬ 
tion  that  gives  the  desired  relative  humidity.  These  tests  are 
generally  carried  out  under  conditions  existing  in  the  laboratories, 
with  the  samples  in  weighing  bottles  or  watch  glasses  and  without 
agitation  of  the  air  in  the  desiccator.  This  method  is  referred  to 
as  the  static  method  in  the  following  discussion. 

Results  of  such  determinations  are  usually  not  consistent  nor 
readily  reproducible.  For  this  reason  a  common  fertilizer  ma¬ 
terial  such  as  sodium  nitrate  or  ammonium  sulfate,  is  often  in¬ 
cluded  in  each  series  of  determinations  to  serve  as  a  standard  for 
comparison.  Lindsay  ( 1 )  and  others  have  raised  objections  to 
making  moisture-absorption  measurements  in  a  stagnant  at¬ 
mosphere.  The  present  paper  presents  a  study  of  the  factors 
causing  these  irregularities  and  describes  an  accelerated  method 
in  which  readily  reproducible  values  are  obtained  by  means  of  a 
careful  standardization  of  conditions.  This  method  was  de¬ 
veloped  about  three  years  ago  in  this  laboratory  and  has  been  in 
constant  use. 

FACTORS  AFFECTING  RATE  OF  MOISTURE  ABSORPTION 

Experiments  were  made  by  the  ordinary  static  method  to  de¬ 
termine  the  influence  of  several  obvious  factors,  such  as  tempera¬ 
ture,  size  of  dishes,  etc.,  on  moisture  absorption.  In  these  tests, 
carried  out  under  laboratory  conditions,  4-gram  samples  of  wax- 
treated  ammonium  nitrate  in  6.3-cm.  (2.5-inch)  watch  glasses, 
unless  otherwise  stated,  were  placed  on  the  porcelain  plate  with 
0.6-cm.  (0.25-inch)  perforations  in  a  30-cm.  (12-inch)  desiccator 


Table  I.  Moisture  Absorption  by  Static  Method  under  Laboratory 

Conditions 

Moisture  Absorbed 
Series  No.  in  24  Hours 


% 

A-l 

5.35 

A-2 

4.97 

A-3 

5.48 

A-4 

5.84 

B-l 

7.80 

B-2 

7.10 

B-3 

5.28 

B-4 

5.63 

C-l 

5.68 

C-2 

5.67 

C-3 

5.40 

C-4 

5.72 

D-l 

4.86 

D-2 

5.26 

D-3 

6.59 

D-4 

6.82 

E-l 

11.51 

E-2 

12.83 

E-3 

12.57 

E-4 

10.48 

a  Four  4-gram  samples  of 
in  desiccator  at  one  time. 


Remarks3 


Desiccator  containing  samples 
placed  on  laboratory  bench  in 
middle  of  room 


Same  as  series  A,  except  desiccator 
placed  near  window  with  B-l  and 
B-2  near  and  B-3  and  B-4  away 
from  window 

Same  as  series  A,  except  desiccator 
protected  from  drafts  to  obtain 
more  uniform  temperature  in 
desiccator 

Same  as  series  C,  except  D-l  and 
D-2  in  2.5-inch  dishes,  D-3  and 
D-4  in  3-inch  dishes 


Same  as  series  C,  except  perforated 
plate  in  desiccator  removed  and 
samples  suspended  from  Bake- 
lite  top 


wax-treated  NH4NO3  in  2.5-inch  watch  glasses 


containing  a  saturated  solution  of  sodium  nitrate  which  gives  a 
relative  humidity  of  74.4%  at  25°  C.  During  these  tests  the 
temperature  in  the  laboratory  fluctuated  between  20°  and  25°  C. 
The  results  obtained  are  tabulated  in  Table  I. 

The  effect  of  the  number  and  depth  of  dishes  on  moisture  ab¬ 
sorption  is  shown  in  Tables  II  and  III.  The  data  reveal  that  the 
temperature,  the  size,  depth,  and  number  of  dishes,  as  well  as  the 
arrangement  in  the  humidity  chamber,  all  influence  the  final  re¬ 
sults.  Careful  standardization  of  ail  conditions  is,  therefore, 
necessary  if  reproducible  results  are  to  be  obtained,  when  deter¬ 
mining  rates  of  moisture  absorption. 


Table  II.  Effect  of  Number  of  Samples  in  Humidity  Chamber 

No.  of  Samples  in 

Humidity  Chamber 

Average  %  Moisture  Absorbed 

at  One  Time3 

92.9%  R.H. 

72.4%  R.H. 

i 

15.68 

5.22 

2 

13.25 

3.86 

3 

12.08 

3.36 

4 

10.75 

3.23 

5 

9.62 

2.58 

a  4-gram  sampl  es  of  NH1NO3  in  2-inch  dishes  exposed  for  6  hours  at  30°  C. 

Table  III. 

Effect  of  Depth  of  Sample 

Dishes 

Depth  of  Sample  Dish" 

Moisture  Absorbed 

92.9%  R.H. 

72.4%  R.H. 

Inch 

% 

% 

0.25 

42.06 

13.91 

0.5 

30.02 

9.04 

0.75 

25.00 

7.53 

1 

19.84 

5.96 

°  Four  4-gram  samples  of  NHjNOs  in  2-inch  dishes  of  various  depths  in 
same  humidity  chamber  for  24  hours  at  30°  C. 


ACCELERATED  METHOD 

Apparatus.  The  humidity  chamber  (shown  in  Figure  1) 
used  in  the  accelerated  method  consists  of  a  metal  can,  A  [an  in¬ 
verted  lower  portion  of  a  straight-walled,  23-kg.  (50-pound)  lard 
can,  20.5  cm.  (7  inches)  high  and  30  cm.  (12  inches)  in  diameter], 
with  an  aluminum  top,  B,  having  six  equally  spaced  holes  (6.25 
cm.,  2.5  inches,  in  diameter),  through  which  the  samples  are  in¬ 
troduced  into  the  chamber. 

The  small  induction  motor,  I  is  mounted  on  a  Bakelite  plate, 
J ,  insulating  the  humidity  chamber  against  the  heat  developed 
in  the  motor.  Shaft  K  of  the  four-blade  aluminum  fan  (7  inches 
in  diameter)  is  similarly  insulated  by  means  of  a  Bakelite  cou- 
pling,  M.  Zink  (2)  used  small  fans  on  pivots  inside  a  desiccator 
and  induced  them  to  rotate  by  means  of  permanent  magnets  pass¬ 
ing  near  the  outside  of  the  desiccator. 

The  joint  between  the  aluminum  top  and  the  can  is  made  air¬ 
tight  by  means  of  two  rubber  gaskets,  T,  one  cemented  to  the 
aluminum  top  and  the  other  to  the  top  edge  of  the  can. 

The  motor  is  regulated  to  run  at  approximately  350  r.p.m.  by 
means  of  a  voltage  regulator.  A  much  higher  fan  speed  than 
this  is  not  recommended  because  it  will  cause  the  temperature  in 
the  humidity  chamber  to  rise  unduly,  as  the  result  of  air  resist¬ 
ance  against  the  action  of  the  fan.  The  use  of  a  metal  chamber, 
raised  above  the  table  by  legs  N,  permits  rapid  dissipation  of  ex¬ 
cess  heat  from  this  source.  In  a  constant-temperature  room 
where  the  air  is  well  circulated  to  maintain  uniform  temperature, 
the  rise  in  temperature  in  the  humidity  chamber  amounts  to 
about  0.2°  C.  For  accurate  work,  this  can  be  compensated  by 
lowering  the  room  temperature  correspondingly,  in  order  to  keep 
the  chamber  at  exactly  30°  C.  or  other  desired  temperatures. 

Dish  G  (20-cm.,  8-inch,  Pyrex  cake  plate)  contains  the  satu¬ 
rated  salt  solution,  H,  with  an  excess  of  the  solid  salt.  The  alu¬ 
minum  baskets,  D,  holding  the  sample  dishes  (with  the  covers 
removed)  are  suspended  from  glass  hook  E,  held  by  rubber  stop¬ 
pers  F,  arranged  as  shown  in  Position  I.  Position  II  is  drawn  to 
show  the  details  of  the  aluminum  basket  and  hook  arrangement 
only. 

The  shallow  flat-bottomed  sample  dishes,  having  an  inside  area 
of  17.16  sq.  cm.  (2.66  sq.  inches),  are  made  by  sealing  Pyrex  rings, 
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Table  IV.  Moisture  Absorption  Rate  by  Accelerated  Method  at 

30°  C. 

Relative 

Humidity  Moisture  Gained  in  Various  Time  Intervals 


No. 

Sample® 

Chamber 

hour 

hours 

hours 

hours 

hours 

hours 

% 

% 

% 

% 

% 

% 

% 

1 

NaNOa 

75.2 

0.86 

0.87 

1.73 

1.75 

2.71 

2.71 

3.60 

3.77 

4.39 

4.46 

5.49 

5.57 

2 

NaNOa 

75.2 

0.82 

0.82 

1.75 

1.77 

2.72 

2.70 

3.63 

3.61 

4.41 

4.45 

5.42 

5.36 

3 

CO(NH2)2 

75.2 

1.72 

1.78 

3.14 

3.16 

4.36 

4.39 

5.61 

5.70 

6.69 

6.71 

7.66 

7.80 

4 

(NH4)2S04 

84 

1.30 

1.26 

2.71 

2.60 

3.99 

3.94 

5.41 

5.31 

6.82 

6.87 

8.35 

8.38 

5 

NH4N03,  sample 
A 

65.2 

6.82 

6.77 

•  ;; 

13.23 
13 . 40 

19.21 

19.52 

6 

NH4NO3,  sample 
B,  wax-coated 

72.4 

0.36 

0.39 

0.63 

0.67 

0.87 

0.92 

7 

NH4N03,  sample 
B,  wax-coated 

81.4 

0.64 

0.71 

1.18 

1  20 

1.87 

1.62 

8 

NH4N03,  sample 
B,  wax-coated 

96.3 

1.41 

1.34 

2.30 

2.15 

3.09 

2.90 

9 

Fertilizer  X 

72.4 

0.43 

0.61 

0.39 

0.34 

0.88 

0.87 

1.22 

1.22 

3 . 56  6 
3.58 

3 . 72  c 

3.73 

10 

Fertilizer  Y 

65.2 

1.98 

1.70 

2.91 

2.48 

3.56 

2.98 

3.93 

3.52 

“  4-gram  samples  in  2-ineh  dishes  used  in  all  tests,  except  No.  2,  2.5-gram 
samples. 

6  21-hour  result. 
c  23-hour  result. 


Figure  4  shows  the  arrangement  of  the  leveling 
device  on  top  of  the  sample  in  a  dish.  This  device 
consists  of  a  flat  aluminum  disk,  Q,  slightly  smaller 
in  diameter  than  that  of  the  dish,  with  a  platform, 
R,  of  similar  size  to  take  a  kilogram  weight,  if. 


PROCEDURE 

Determination  of  Rate  of  Moisture  Ab¬ 
sorption.  The  tared  dish  (with  cover  removed) 
containing  the  sample  is  placed  under  the  spreading 
device,  as  shown  in  Figure  3.  Disk  0  is  then  rotated 
7  or  8  revolutions  at  a  moderate  speed,  while  the 
sample  dish  is  being  turned  in  the  opposite  direc¬ 
tion.  This  procedure  is  repeated  with  a  change 
in  the  direction  of  rotation.  If  the  spreading 
disk  is  properly  adjusted,  the  pins  should  just 
touch  the  surface  of  the  leveled  sample  in  the 
dish.  If  furrows  are  formed  in  the  sample,  the 
spreading  disk  is  too  low  and  should  be  raised. 

Next  the  leveling  device  with  a  kilogram  weight 
is  placed  on  top  of  the  spread  sample,  as  shown  in 
Figure  4,  and  allowed  to  stand  for  2  minutes  (ar¬ 
bitrarily  chosen),  so  as  to  produce  a  uniformly 
smooth  surface  and  packing  of  the  sample  in  the 
dish.  This  leveling  step  is  necessary  for  very  ac¬ 
curate  determinations  because  the  rate  of  moisture 
absorption  depends  on  the  surface  area  exposed  to 
the  humid  atmosphere. 

If  the  sample  is  in  coarsely  granular  form,  it  is 
impossible  to  obtain  a  uniformly  smooth  surface  as 
with  finer  materials.  Such  coarse  granules  can  be 
spread  simply  with  a  spatula. 

With  the  fan  going  at  the  proper  speed,  the  sam¬ 
ples  are  placed  in  the  humidity  chamber,  as  shown 
in  Position  I  in  Figure  1.  At  the  end  of  a  desired 
time  interval  (1  or  2  hours)  the  samples  are  taken  out 
and  weighed  with  the  covers  on  to  determine  the 
increases  in  weight  and  then  replaced  in  the  chamber  for  another 
interval  before  reweighing.  The  increases  in  weight  for  the 
various  time  intervals  are  calculated  as  the  moisture-absorption 
rate  in  per  cent  of  the  sample. 

Equilibrium  Moisture-Absorption  Measurements.  The 
same  procedure  is  followed,  except  that  it  is  sufficient  to  spread 
the  samples  uniformly  with  the  aid  of  a  spatula,  and  to  keep 
them  in  the  humidity  chamber  for  2  days. 
This  is  sufficient  time  for  equilibriumto 
be  established  in  practically  all  cases. 
Fertilizers  containing  an  unusually  large 
amount  of  hygroscopic  components, 
however,  may  require  an  extra  day. 
Such  fertilizers  can  be  easily  recognized 
by  their  high  absorption  values. 


n 


Figure  2.  Sample 
Dish  with  Cover 


Table  V.  Comparison 

of  Results  Obtained  by  Static  and 

Accelerated  Methods 

% 

Moisture  Absorbed 

Static  Method  b 

Accelerated  Method 

No. 

Sample® 

24  hours 

2  hours 

4  hours 

6  hours 

1 

NH4NO3,  tech. 

20.32 

10.91 

20.20 

29.22 

2 

NH4NO3  wax-coated  and 

dusted,  sample  A 

4.96 

2.97 

4.35 

5.46 

3 

NH4NO3  coated  and 

dusted,  sample  B 

10.61 

5.74 

10.74 

16.08 

4 

NH4NO3  wax-coated 

0.76 

0.48 

0.71 

0.92 

5 

NH4NO3  dusted  only 

19.16 

10.29 

19.82 

29.15 

a  4-gram  samples  in  2-ineh  dishes  exposed  to  atmosphere  of  72.4%  rela¬ 
tive  humidity  at  30°  C. 

b  Fan  in  humidity  chamber  stopped. 


0.6  cm.  (0.25  inch)  high,  onto  flat  Pyrex  plates,  5  cm.  (2  inches) 
in  diameter.  The  covers  for  these  dishes  are  inverted  watch 
glasses  of  the  same  size,  with  glass  knobs  cemented  to  them  to 
facilitate  handling.  Since  such  Pyrex  plates  are  not  easily  ob¬ 
tained  now,  aluminum  dishes  (as  shown  in  Figure  2)  of  similar 
dimensions  are  also  used.  For  protection  against  the  corrosive 
action  of  certain  types  of  fertilizers,  the  inside  surfaces  of  these 
aluminum  dishes  are  well  lacquered. 

Figure  3  shows  the  details  of  the  aluminum  spreading  device 
used  to  distribute  the  samples  uniformly  on  the  dishes.  It  con¬ 
sists,  essentially,  of  a  disk,  0,  with  two  rows  of  pins,  0.3  cm.  (0.125 
inch)  in  length  at  staggered  distances  from  the  center  of  the  disk 
and  intersecting  at  right  angles  to  each  other  as  shown  in  section 
A  '-A ',  Figure  3. 


Table  VI.  Effect  of  Temperature  on  Moisture  Absorption 


Sample® 

Temperature 

Moisture  Absorbed 

0  C. 

% 

Urea  b 

29.5 

2.86 

30.0 

3.16 

30.5 

3.43 

NaNOa* 

29.5 

1.76 

30.0 

1.90 

30.5 

2.07 

a  Samples  in  2-inch  dishes  exposed  to  atmosphere  of  75%  R.H.  for 
hours. 

b  2.5-gram  samples. 
c  3. 7-gram  samples. 
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Table  VII.  Relation  between  Moisture  Absorption  and  Fineness  of 

Sample 


Fineness  of  Sample0 
Mesh 

20-  48 
48-100 
100-150 
150-200 
Through  200 


Moisture  Absorbed 
% 

1.78 

1.78 
1.77 

1.79 
1.77 


°  2. 5-gram  samples  of  NaNOa  in  2-inch  dishes  exposed  to  atmosphere  of 
75%  R.H.  at  30°  C.  for  2  hours. 


Table  VIII.  Relation  between  Moisture  Absorption  and  Amount 
of  Sample  Used 


Sample  Used, 

Moisture  Absorbed. 

Moisture  Absorbed, 

A° 

B 

B/A 

Grams 

Gram 

% 

5 . 0 

0 . 0462 

0.93 

4.5 

0 . 0456 

1.02 

4.0 

0 . 0460 

1.15 

3.5 

0.0453 

1.30 

3.0 

0 . 0458 

1.53 

2.5 

0 . 0463 

1.85 

2.0 

0.0453 

2.27 

1.5<> 

0.0387 

2.58 

“NaNOt  (48-  to  100-mesh)  in  2-inch  dishes  exposed  to  atmosphere  of  75% 
R.H.  for  2  hours  at  30°  C. 

k  Just  enough  sample  to  cover  dish  at  beginning  of  test. 


Because  of  variations  in  the  density  of  the  various  materials 
and  the  need  for  an  approximately  constant  volume  of  sample, 
the  amount  of  fertilizer  taken  for  such  a  test  has  to  be  adjusted  in 
some  extreme  cases,  but  in  general  4-gram  samples  work  out  well 
for  the  size  of  dish  chosen.  The  relative  humidity  used  likewise 
has  to  be  chosen  according  to  requirements  in  individual  cases. 
For  testing  ammonium  nitrate  that  has  undergone  various  con¬ 
ditioning  treatments,  72%  relative  humidity  has  been  adopted. 
This  represents  about  the  average  condition  encountered  locally. 


EXPERIMENTAL  RESULTS 

Rate  of  Moisture  Absorption.  In  order  to  test  the  accu¬ 
racy  and  reproducibility  of  the  results  obtained  by  the  accelerated 
method,  the  moisture-absorption  rates  of  a  number  of  fertilizer 
materials  and  mixed  fertilizers  were  determined  in  duplicates  at 
different  relative  humidities  at  30°  C.  the  results,  tabulated  in 
Table  IV,  show  good  agreements  between  duplicate  samples. 
Experiments  1  and  2,  made  at  different  times  and  in  different 
humidity  chambers,  show  the  reproducibility  of  such  results. 

Table  V  shows  that  under  identical  conditions  as  much  mois¬ 
ture  is  absorbed  in  4  hours  by  the  accelerated  method  as  in  24 
hours  by  the  static  method. 

Variations  of  only  0.50°  C.  in  temperature  produce  distinct 
changes  in  the  results,  as  shown  by  Table  VI.  These  are,  un- 


WITHOUT  sample  dish  with  sample  dish 

Figure  3.  Spreading  Device 


Figure  4.  Sample 
Dish  with  Leveling 
Device 


doubtedly,  brought  about  by  change 
in  the  relative  humidity  over  the  salt 
solution  as  well  as  in  the  absorption  rate 
of  the  samples. 

Sodium  nitrate  samples  of  different 
particle  sizes,  ranging  from  20-  to  48-mesh 
to  through  200-mesh,  give  identical 
absorption  values  when  tested  under  the 
same  conditions  (Table  VII).  The 
reason  for  this  is  that  the  absorption 
values  obtained  are  actually  not  values 
for  the  solid  phase,  but  for  the  saturated 
solution  surrounding  the  solid  par¬ 
ticles.  Therefore,  once  a  thin  layer  of 
saturated  solution  is  formed  over  the  leveled  surface  layer  of 
solid  particles,  regardless  of  the  size  of  the  particles,  the  rate  of 
absorption  of  the  saturated  solution  surrounding  the  solid  is  the 
same,  as  long  as  there  is  enough  solid  phase  present  to  keep  this 
solution  saturated;  otherwise  the  absorption  rate  will  gradually 
decrease  as  the  solution  becomes  more  dilute. 

F or  the  same  reason  the  amounts  of  moisture  absorbed  by  vary¬ 
ing  sized  samples  (1.5  to  5  grams)  of  48- to  100-mesh  sodium  ni¬ 
trate  are  practically  identical  under  the  same  conditions,  although 
the  percentage  of  moisture  absorbed  (column  4  Table  VIII) 
varied  from  0.93  to  2.58%.  It  appears  that  the  amount  ab¬ 
sorbed  is  governed  by  the  surface  exposed  rather  than  by  the 
amount  of  sample.  The  low  value  of  experiment  8  was  due  to  in¬ 
sufficient  amounts  of  solid  salt  present  to  keep  the  solution  satu- 


Table  IX.  Constancy  of  Moisture  Absorption  per  Unit  Weight  of 
Sample  per  Unit  Area  of  Surface  Exposed 


Sample  Area  in  Sample 

Dish  Dish  in  Disha 

Sq.  in.  Grams 

A  1 . 5920  3 . 5942 

B  2.6577  6.0 


Gain  per  2-Hour  Intervals  b 


1st 

2nd 

3rd 

% 

% 

% 

0.95 

0.82 

0.83 

0.84 

0  82 

0.81 

“  Same  weight  of  sample  per  sq.  inch  in  each  dish. 
6  At  75%  relative  humidity  and  30°  C. 


Table  X.  Total  Moisture  in  Fertilizers  at  Equilibrium 


c 

Fertilizer 

70  Moisture 

%  Total  Moisture  at  Eauilibrium& 

in  Original 

59.4% 

65.2% 

72.5% 

R.H. 

Sample0 

Samples 

R.H. 

R.H. 

A 

3.86 

2.94 

3.13 

5.76 

5.70 

19.45 

19.26 

B 

4.61 

3.42 

3.61 

7.47 

7.50 

19.86 

19.79 

C 

4.28 

3.80 

3.65 

9.15 

9.25 

20.67 

20.74 

D 

5.76 

3.35 

9.72 

17.93 

3.55 

9.82 

17.97 

E 

5.76 

4.60 

4.59 

12.84 

12.79 

20.55 

20.97 

F 

4.08 

3.08 

3.05 

25.37 

24.85 

40.87 

42.78 

tt  4-gram  samples  in  2-inch  dishes 
30°  C.  at  three  relative  humidities. 

i  in  humidity  chamber 

for  48  hours  at 

■ju  a  i.  l i  ce  relative  numiaities. 

6  %  total  moisture  at  equilibrium  =  %  moisture  absorbed  +  %  moisture 
m  original  sample. 


Table  XI. 


Ferti¬ 

lizer 

Sample3 

A 

A 

A 

A 

A 

A 

B 

B 


Comparison  of  Time  Required  to  Come  to  Equilibrium  at 
30°  C. 

Relative 

Humidity 

*n  Method  %  Moisture  Absorbed 

C  hamber  Used  2  days  4  days  6  days  8  days  11  days 


59.4  Accelerated  4.68 

O  A  O  1  n  n  o  r*  o 


59.4 

Static 

3.63 

4 )  24 

4"51 

4.66 

4.62 

65.2 

Accelerated 

17.00 

65.2 

Static 

12.97 

lb  .  bo 

16  ’<55 

17)05 

17.13 

72.4 

Accelerated 

29.42 

72.4 

Static 

19.55 

24.57 

27)20 

28)67 

29.49 

59.4 

Accelerated 

2.65 

59.4 

Static 

1.61 

2. 00 

2)l4 

2)33 

2)48 

“  4-gram  samples  in  2-inch  dishes  used. 
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rated  during  the  test.  In  similar  tests  with  coarse  granular  ma¬ 
terials  having  large  interstices  between  granules,  so  that  the 
moist  air  can  penetrate  deeply  into  the  mass,  different  absorption 
results  may  be  obtained  with  different  amounts  of  sample  taken, 
because  in  such  cases  the  effective  area  of  the  samples  exposed  to 
the  moist  atmosphere  also  varies. 

Various  sizes  of  dishes  can  be  used  to  give  identical  results,  as 
demonstrated  by  Table  IX,  provided  the  same  unit  weight  of 
sample  is  taken  per  unit  area  of  surface  exposed  to  the  humid  at¬ 
mosphere.  This  applies,  however,  only  to  dishes  having  flat 
bottoms  and  straight  side  walls.  It  does  not  hold  in  the  case  of 
watch  glasses,  because  in  this  case  the  solution  around  the  edges 
may  become  locally  undersaturated  while  there  is  still  solid  salt 
in  the  center  of  the  dish. 


Equilibrium  Moisture-Absorption  Measurements.  Table 
X  shows  that  the  method  gave  good  precision  on  the  total  mois¬ 
ture  content  of  several  fertilizers  in  equilibrium  with  three  rela¬ 
tive  humidities  at  30°  C.  The  particular  relative  humidities 
were  chosen  because  most  of  the  common  fertilizers  begin  to  ab¬ 
sorb  moisture  around  65%  relative  humidity. 

Results,  shown  in  Table  XI,  reveal  that  considerable  time  can 
be  saved  by  the  accelerated  method  in  making  equilibrium  mois¬ 
ture-absorption  measurements  of  fertilizers. 
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Based  on  the  determination  by  an  aeration  technique  of  volatile 
reducing  substances,  a  method  has  been  developed  for  estimation 
of  spoilage  in  proteinaceous  foodstuffs,  with  particular  reference  to 
fish.  The  oxidizing  solution  is  a  0.1  N  potassium  permanganate 
solution  in  N  sodium  hydroxide.  Values  for  California  sardines, 
mackerel,  and  tuna  at  various  stages  of  spoilage  are  given.  Further 
applications  of  the  procedure  for  the  estimation  of  volatile  prin¬ 
ciples  in  other  foods  and  food  products  are  indicated. 

WIDELY  varying  methods  have  been  proposed  and  em¬ 
ployed  for  the  evaluation  of  “borderline”  freshness  or  in¬ 
cipient  spoilage  in  fish  and  fish  products  where  subjective  organo¬ 
leptic  opinions  are  likely  to  differ  and  definite  decisions  are  made 
with  difficulty. 

The  fact  that  new  methods  and  modifications  of  old  ones  are 
reported  from  time  to  time  implies  the  lack  of  a  sufficiently  sen¬ 
sitive  and  reliable  procedure  for  the  determination  of  the  state  of 
incipient  spoilage. 

The  majority  of  chemical  methods  used  for  this  purpose  are 
dependent  upon  the  presence  of  specific  substances,  or  groups  of 
related  substances,  such  as  indole,  hydrogen  sulfide,  volatile 
nitrogenous  bases,  and  volatile  acids.  The  production  of  these 
compounds,  predominantly  by  bacterial  action,  is  dependent 
upon  the  particular  flora  present.  Furthermore,  considering  the 
wide  range  of  bacterial  species  with  diverse  biochemical  activi¬ 
ties  which  are  encountered  in  and  around  fish  during  spoilage, 
the  mere  absence  of  specific  products  will  not  necessarily  indicate 
the  actual  state  of  freshness. 

The  use  of  a  method  designed  for  the  detection  of  a  specific 
type  of  spoilage  product  assumes  that  it  has  been  produced  in 
greater  amounts  than  all  others.  This  may  or  may  not  be  the 
case,  since  fish  may  be  spoiled  and  still  not  yield  a  positive  test 
for  the  substance  upon  the  presence  of  which  a  particular  method 
depends,  because  the  organisms  responsible  for  the  decomposed 
condition  have  not  produced  the  compound. 

Fresh  fish  have  relatively  little  odor,  and  as  fish  undergo  spoil¬ 
age  unpleasant  odoriferous  substances  are  formed,  the  amount 
and  variety  being  dependent  upon  the  extent  and  kind  of  decom¬ 
position. 

Investigators  responsible  for  evaluation  of  the  condition  of  fish 
and  other  food  products,  recognizing  these  facts,  have  resorted  to 
the  more  simple,  rapid,  and  relatively  sensitive  organoleptic 


method.  However,  certain  factors  adversely  affect  its  use,  such 
as  the  influence  of  temperature  on  odor,  the  masking  of  odors, 
personal  opinion  or  preference,  the  ability  of  one  person  to  detect 
an  odor  more  readily  than  another,  and  olfactory  fatigue. 

A  chemical  method  to  serve  as  a  sensitive  and  reliable  measure 
of  the  freshness  of  fish  has  been  developed,  in  which  the  volatile 
substances  largely  responsible  for  odor  are  estimated  and  by 
which  the  state  of  preservation  of  a  fish  sample  can  be  deter¬ 
mined.  A  close  correlation  has  been  observed  between  the  chemi¬ 
cal  values  and  the  organoleptic  judgment — namely,  low  values  for 
fresh  material  and  progressively  higher  values  for  material  after 
progressive  stages  of  spoilage.  However,  changes  in  fish  have 
been  determined  chemically  before  the}"  could  be  detected 
organoleptically. 

This  report  describes  the  principle  and  operation  of  the  method, 
with  data  illustrative  of  its  application  to  various  proteinaceous 
foodstuffs.  A  more  detailed  account  of  its  application  to  deter¬ 
mination  of  spoilage  in  various  Pacific  Coast  and  other  fishes, 
as  well  as  an  extensive  critical  review  of  the  literature  on  the 
spoilage  of  fish  and  fish  products,  will  be  presented  in  subsequent 
papers. 

PRINCIPLE  OF  THE  METHOD 

The  method  is  based  on  the  fact  that  during  spoilage  volatile 
odoriferous  substances  are  produced  in  fish.  The  act  of  smelling 
constitutes  essentially  the  passage  of  volatile  odorous  materials 
admixed  with  air  from  the  sample  to  the  sensory  nerves  of  the 
nose.  It  seems  reasonable  to  expect  that  these  volatile  constitu¬ 
ents  can  be  carried  off  from  as  ample  by  a  current  of  air  into 
suitable  reagent  and  there  determined. 

Previous  studies  related  to  aeration  of  volatile  substances  have 
included  the  determination  of  hydrogen  sulfide  and  ammoniacal 
bases.  These  and  other  volatile  compounds,  such  as  indole  and 
fatty  acids,  have  more  often  been  separated  by  distillation  pro¬ 
cedures  (steam  and  vacuum).  However,  as  far  as  the  authors  are 
aware,  there  are  no  other  published  studies  on  the  use  of  aeration 
for  determining  the  volatile  constituents  of  foodstuffs  as  a  whole 
in  relation  to  the  spoilage  problem. 

The  use  of  an  oxidizing  agent  for  estimation  of  the  volatile  sub¬ 
stances  was  adopted  in  view  of  the  fact  that  most  types  of  vola¬ 
tile  organic  compounds  which  conceivably  might  be  formed  dur¬ 
ing  spoilage  are  oxidizable.  The  reducing  action  of  organic  com- 
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Figure  1.  Diagram  of  Original  Apparatus 

A.  Aeration  flask 

T\,Ti.  Reaction  vessels 

H^l.  Concentrated  H2SO4 

Wi,  W 4.  Redistilled  water 

W3.  10%  alkaline  KMnO<  or  activated  carbon 

Meter.  Wet-test  air  meter 

pounds  has  been  utilized  frequently  in  their  determination.  The 
work  of  Quitmann  (1 )  on  the  determination  of  the  reducing  value 
of  air  as  a  measure  of  its  cleanliness,  and  of  Stamm  ( 2 )  on  the 
estimation  of  organic  compounds,  may  be  cited  in  this  connection. 

EXPERIMENTAL 

Apparatus.  The  apparatus  assembled  for  use  is  shown  in 
Figures  1  and  2.  Figure  1  illustrates  the  apparatus  as  originally 
set  up,  using  a  sensitive  gas  meter  to  measure  the  air  volume  as¬ 
pirated  through  the  sample.  A  more  compact  and  portable 
two-unit  sample  is  shown  in  Figure  2,  using  Pyrex  flowmeters, 
which  were  calibrated  against  the  air  meter,  to  measure  the  air 
volume.  Figure  3  shows  the  aeration  flask,  A,  for  the  sample, 
its  air-inlet  tube,  and  two  reaction  vessels,  Tl  and  T2,  for  the 
alkaline  potassium  permanganate  oxidizing  solution  with  their 
air-inlet  tubes. 

.4  consists  of  two  bulbs  of  1-liter  and  500-ml.  capacities  and  a 
20  X  125  mm.  Pyrex  tube  sealed  onto  the  1-liter  bulb.  The 
upper  500-ml.  bulb  is  connected  to  the  lower  1-liter  bulb  by  a  60- 
inm.  neck  and  has  an  outlet  tube  connected  to  an  inner  spray 
and  foam  trapping  tube.  The  two  bulbs  are  necessary  to  take 
care  of  excessive  frothing  which  sometimes  occurs,  as,  for  ex¬ 
ample,  with  very  fresh  fish  samples.  The  air-inlet  tube  of  the 
aeration  flask  is  kept  in  place  with  an  interchangeable  24/40 
standard-taper  ground-glass  male  joint  and  its  end  is  closed  with 
a  sintered-glass  plate  slightly  smaller  than  the  diameter  of  the 
tube  portion. 

The  reaction  vessel,  T,  is  a  Pyrex  125-ml.  Erlenmeyer  with  a 
deep  gutter  around  the  neck  (an  iodine  number  determination 
flask),  to  the  base  of  which  has  been  sealed  a  20  X  35  mm. 


Pyrex  well.  The  reaction  flask  is  fitted  with  an  air-inlet  tube 
which  is  an  interchangeable  ground-glass  24/40  standard-taper 
male  joint  with  a  reduced  tube  of  12-mm.  diameter  at  both  ends, 
one  end  of  which  is  closed  with  a  sintered-glass  plate. 

All  rubber  connections  used  in  the  apparatus  were  originally 
boiled  in  5%  sodium  hydroxide  solution  and  thoroughly  washed 
with  several  changes  of  boiling  redistilled  water.  They  should  be 
periodically  rewashed. 

Sampling  Procedures.  In  sampling  raw  fish  a  sufficient 
portion  of  the  material  under  examination,  such  as  12  California 
sardines  (pilchards)  or  12  mackerel  or  a  5-  to  10-cm.  (2-  to  4-inch) 
transverse  cross-sectional  slice  from  a  tuna,  is  ground  and  well 
mixed.  Portions  of  this  ground  mixture  are  wrapped  in  a 
double  layer  of  cheesecloth  or  gauze,  placed  in  the  cylinder  (C, 
Figure  4)  of  the  squeezing  apparatus  on  top  of  a  perforated  steel 
disk,  a  Chromel  wire  screen,  a  0.3-cm.  (0.125-inch)  white  felt  pad, 
and  a  second  Chromel  wire  screen,  in  the  order  named,  and  a  pres¬ 
sure  of  3  to  5  tons  is  applied  to  piston  (P,  Figure  4).  The  ex¬ 
pressed  juice  is  collected  through  the  spout,  S,  at  the  base  of  the 
cylinder.  The  dimensions  of  the  various  parts  of  the  squeezing 
apparatus  are:  cylinder  C,  10  X  11.5  cm.  (4  X  4.5  inches)  outer 
dimensions,  with  a  1.25-cm.  (0.5-inch)  wall,  piston  P  7.5  X  10.2 
cm.  (3X4  inches)  perforated  disk  7.3  X  0.6  cm.  (2l5/ie  X  '/< 
inches).  All  are  made  of  steel. 

For  canned  fish,  the  entire  contents  of  a  can  is  squeezed  by 
hand  or  in  a  small  press  of  the  fruit  and  vegetable  juice  extractor 
type,  through  two  layers  of  cheesecloth  or  gauze,  and  the  press 
liquor  collected.  All  press  juices  are  allowed  to  stand  or  are  cen¬ 
trifuged  to  separate  the  aqueous  solution.  A  uniform  represen¬ 
tative  sample  of  the  water-soluble  constituents  of  the  fish  is  thus 
obtained. 

Aeration  of  Sample.  Five  milliliters  of  the  fish  press  juice 
sample  are  pipetted  into  the  test  tube  portion  of  flask  A  and 
aerated  40  minutes  with  0.0566  cubic  meter  (2  cubic  feet)  of  air, 
measured  by  the  air  meter,  M,  or  by  the  flowmeter,  F,  into  two 
reaction  vessels,  Tl  and  T 2.  Each  reaction  vessel  contains  10 
ml.  of  0.1  N  potassium  permanganate  solution  in  N  sodium  hy¬ 
droxide  solution.  The  air  is  cleaned  by  passage  through  six 
Drechsel  gas-washing  bottles  containing,  in  order,  concentrated 
sulfuric  acid,  Wl,  redistilled  water,  W2,  10%  potassium  per¬ 
manganate  in  10%  sodium  hydroxide  solution  W3  (3  bottles), 
and  redistilled  water,  W4.  Recently  activated  granular  carbon 
has  been  substituted  successfully  for  the  10%  alkaline  potassium 
permanganate  solution.  The  air  is  aspirated  by  means  of  a  labo¬ 
ratory  vacuum  pump  through  a  stabilizing  storage  tank  to  elim¬ 
inate  stroke  fluctuations.  A  water  suction  pump  may  be  used  as 
long  as  the  water  pressure  is  constant  and  not  subject  to  fluctua¬ 
tions. 

The  concentrated  sulfuric  acid  in  the  Drechsel  bottle,  during 
prolonged  aeration,  absorbs  moisture  and  some  organic  matter 
from  the  air,  becoming  diluted  and  brown.  Wien  in  constant 
use,  it  should  be  renewed  every  week,  either  by  using  fresh  acid 
or  by  boiling  down  the  diluted  acid  with  a  trace  of  an  oxidizing 
agent,  such  as  sodium  nitrate.  The  10%  alkaline  potassium  per¬ 
manganate  solution  eventually  develops  a  brown  precipitate  and 
likewise  should  be  replaced  every  week  or  two.  The  use  of  acti¬ 
vated  carbon  obviates  this  cleaning  procedure. 

Oxidizing  Reagent.  The  potassium  dichromate-sulfuric 
acid  reagent  of  Quitmann  ( 1 )  was  originally  used  as  the  oxidizing 
solution  in  the  reaction  vessels,  T.  However,  it  was  found  that 
a  0.1  N  potassium  permanganate  in  N  sodium  hydroxide  was  a 
much  more  sensitive  reagent.  An  acid  potassium  permanganate 
solution  was  less  effective  than  the  acid  dichromate  mixture, 
while  ceric  sulfate  in  sulfuric  acid  was  completely  ineffective  as 
an  oxidizing  solution  at  room  temperature  for  the  volatile  reducing 
substances  from  fish  press  juice.  The  greater  oxidizing  power  for 
organic  compounds  of  alkaline  over  acid  potassium  permanganate 
solution  has  been  reported  ($).  The  normality  of  the  alkali  in 
the  potassium  permanganate  solution  affects  the  amount  of  re¬ 
duction  obtained;  somewhat  lower  values  were  found  with  0.1  N 
than  N  sodium  hydroxide. 

The  alkaline  potassium  permanganate  solution  is  prepared  with 
water  redistilled  from  an  alkaline  potassium  permanganate  solu¬ 
tion  in  an  all-glass  distilling  apparatus.  The  solution  is  boiled 
for  5  to  10  minutes,  allowed  to  stand  covered  overnight  at  room 
temperature,  and  filtered  through  asbestos  on  a  sintered-glass 
funnel.  The  alkaline  potassium  permanganate  solution  is  usu¬ 
ally  made  up  in  2-liter  quantities  and  stored  in  an  amber  glass 
bottle  with  a  screw  cap.  Under  these  conditions,  the  solution 
is  stable  as  long  as  it  lasts. 

Determination  of  Amount  of  Reduction.  The  amount 
of  reduction  of  the  permanganate  is  determined  as  follows: 

To  10  ml.  of  oxidizing  reagent  in  vessel  T,  after  aeration,  are 
added  5  ml.  of  6  N  sulfuric  acid  followed  by  10  ml.  of  0.1 1  N  fer- 
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Figure  2.  Diagram  of  Portable  Two-Sample  Unit 

A.  Aeration  flask 

F „  Flowmeter 

ri,2"2.  Reaction  vessels 

W'l.  Concentrated  H2SO4 

WZ,  W4.  Redistilled  water 

^3.  10%  alkaline  KMnOj  or  activated  carbon 


rous  ammonium  sulfate  in  0.01  N  sulfuric  acid.  The  excess  of 
Mohr’s  salt  is  titrated  with  0.01  N  ceric  sulfate  in  N  sulfuric  acid 
solution,  using  o-phenanthroline  ferrous  complex  as  indicator. 
Ten  milliliters  of  the  original  oxidizing  solution  in  a  trap  with  a 
sintered-glass  tube,  after  standing  at  room  temperature  for  the 
duration  of  an  aeration  (40  minutes),  are  acidified  with  5  ml.  of 
6  N  sulfuric  acid  and  mixed  with  10  ml.  of  the  ferrous  ammonium 
sulfate  solution,  and  the  excess  Mohr’s  salt  is  titrated  with  the 
ceric  sulfate  solution.  This  titer  serves  as  the  control  for  the  un¬ 
reacted  oxidizing  solution. 

The  difference  between  the  test  and  the  control  titers  is  directly 
proportional  to  the  amount  of  reduction  of  the  potassium  per¬ 
manganate,  which  is  expressed  as  microequivalents  of  reduction. 
A  titer  difference  of  1  ml.  of  the  0.01  N  ceric  sulfate  solution  corre¬ 
sponds  to  a  reduction  of  10  microequivalents.  The  concentra¬ 
tion  of  the  volatile  substances  in  a  sample  is  directly  proportional 
to  the  amount  of  reduction  of  the  oxidizing  agent.  Studies  are 
in  progress  on  the  determination  of  the  reduction  spectrophoto- 
metrically  and  preliminary  experiments  indicate  its  feasibility. 

Stability  of  the  Mohe’s  Salt  Solution.  The  0.11  N  fer¬ 
rous  ammonium  sulfate  in  0.1  N  sulfuric  acid  decreases  in  the 
concentration  of  ferrous  ion  on  standing  exposed  to  the  air  in  the 
storage  bottle.  It  was  found  that  by  replacing  the  air  in  and 
above  the  solution  with  illuminating  gas,  the  rate  of  deterioration 
of  the  solution  was  reduced.  (The  authors  wish  to  thank  Paul 
L.  Kirk,  Division  of  Biochemistry,  University  of  California,  for 
this  suggestion.)  The  stability  of  the  solution  was  further 
markedly  increased  by  the  addition  of  0.001%  of  sodium  hydro¬ 
sulfite  or  sodium  sulfite.  To  facilitate  having  an  atmosphere  of 
illuminating  gas  in  contact  with  the  solution  of  Mohr’s  salt  at 
all  times,  a  dispensing  arrangement  similar  to  that  of  a  water 
wash-bottle  was  inserted  into  the  neck  of  the  amber  glass  storage 


bottle,  whereby  the  pressure  of  the  gas  is  used 
to  deliver  the  solution.  The  concentration,  under 
these  storage  conditions,  remains  fairly  constant 
for  the  duration  of  the  2-liter  batch  of  solution. 

Factors  Affecting  Rate  of  Removal  of 
Volatile  Reducing  Substances  (V.R.S.). 
Volume  of  Air  Aspirated  through  Sample.  The 
amount  of  volatile  reducing  substances  carried 
over  into  the  oxidizing  reagent  from  a  sample  de¬ 
pends,  among  other  factors,  upon  the  volume  of 
air  aspirated  through  it.  Some  experiments  were 
carried  out  to  ascertain  the  volume  of  air  neces¬ 
sary  to  ensure  maximum  yields  of  volatile  re¬ 
ducing  substances  consistent  with  efficiency  of 
operation.  As  examples  of  reducing  substances 
with  different  volatilities,  aqueous  solutions  of 
varying  concentrations  of  ethanol  and  of  acetone 
were  used. 

The  per  cent  removal  of  a  volatile  substance 
by  a  definite  volume  of  air  is  practically  con¬ 
stant  and  is  independent  of  the  concentration 
of  the  volatile  substances.  The  magnitude  of 
the  per  cent  removal  at  any  air  volume  is  de¬ 
pendent  upon  the  volatility  of  the  substance. 
For  example,  with  0.00566  cubic  meter  (0.2  cubic- 
foot)  48%  of  acetone,  but  only  11%  of  ethanol, 
is  removed  from  various  solutions.  The  effect 
of  low  volatility  is  lessened  with  greater  volumes 
of  air:  with  2.0  cubic  feet  of  air,  95%  of  acetone 
is  removed  from  a  solution  and  86%  of  ethanol 
is  carried  over.  This  establishes  a  valid  basis 
for  the  adoption  of  an  arbitrary  air  volume  which 
would  allow  efficient  and  practical  operation  of 
the  method,  without  having  to  carry  on  the 
aeration  until  all  the  volatile  material  has  been 
removed.  The  following  data  are  illustrative: 

With  2.0  cubic  feet  of  air,  86  and  87%  of  the 
total  volatile  reducing  substances  were  recovered, 
respectively,  from  two  samples  of  raw  sardine 
(pilchard)  and  raw  tuna  press  juices.  The 
actual  amounts  of  reduction  for  these  two  sam¬ 
ples  were  129.5  and  20.6  microequivalents  per 
5  ml.  The  per  cent  recoveries  can  be  regarded 
as  uniform,  considering  the  diversity  in  the 
concentration  of  volatile  reducing  substances  in  these  two 
preparations. 

Temperature.  A  factor  of  possible  influence  is  temperature, 
both  of  the  sample  and  of  the  oxidizing  reagent.  No  significant 
or  practical  advantage  was  found  in  warming  the  sample  to  60°  C. 
At  higher  temperatures,  the  raw  press  juice  coagulates  and  tends 
to  block  the  sintered-glass  plate.  The  alkaline  potassium  per¬ 
manganate  oxidizing  solution  apparently  undergoes  some  de¬ 
composition  at  higher  temperatures,  since  controls  with  the  oxi¬ 
dizing  solution  maintained  (for  40  minutes)  at  60°  to  100°  C.  gave 
much  higher  values  than  controls  kept  at  room  temperature. 
The  effect  of  temperature  was  not  studied  further. 

Other  Gases  as  Aspirating  Media.  Since  gases  might  be¬ 
have  differently  as  sweeping  agents  for  volatile  reducing  sub¬ 
stances  from  aqueous  solution,  various  gases  were  compared  with 
air.  No  significant  difference  in  the  recover y  of  volatile  reducing 
substances  was  found  with  nitrous  oxide,  oxygen,  and  nitrogen, 
all  of  which  apparently  act  as  mechanical  sweeping  agents  for  the 
volatile  reducing  substances. 

Pressure  of  Air  during  Aspiration.  In  the  arrangement 
of  the  apparatus  described  above,  the  air  meter  is  at  the  start 
of  the  air-washing  train — that  is,  the  air  is  metered  at  atmospheric- 
pressure  and  passes  through  the  meter  before  entering  the  wash¬ 
ing  system.  When  the  meter  was  placed  between  the  second  re- 
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Application  of  Method  to  Fish.  A  large  number  of  experi¬ 
ments  have  been  performed  on  the  progressive  spoilage  of  various 
commercially  canned  Pacific  Coast  fish,  such  as  sardines  (pil¬ 
chards),  tuna,  mackerel,  and  shad.  The  fish  were  examined  in 
the  raw  state  and  after  various  canning  operations,  both  organo¬ 
leptically  and  for  volatile  reducing  substances.  Some  representa¬ 
tive  data  are  presented  in  Tables  I  to  V  to  illustrate  the  scope  of 
the  method  and  its  usefulness  as  a  means  of  evaluating  progres¬ 
sive  spoilage. 


Table  II.  Volatile  Reducing  Substances  Increase  in  Pacific  Mackerel 
during  Storage  at  63.5°  F.  7.5°  C.) 


Microequivalents 
Reduction  per 
5  Ml. 


Hours 

Stored 

1.5 

6.0 

8.8 

11.3 
14.8 

31.3 


Raw 

6.2 

19.1 

19.6 

22.5 

67.0 

163.5 


Canned 

13.7 

15.7 
19.2 
21.6 
30.5 

164.0 


Condition  of  Raw  Sample 
(Organoleptic  Evaluation) 

Passable 

Slight  sour  odor,  near  borderline  passabilitv 
Slight  sour  odor,  near  borderline  passability 
Sour  odor,  of  doubtful  passability 
Not  passable 
Not  passable 


Figure  3.  Aeration  Flask  and  Reaction  Vessels  with  Air-Inlet 

Tubes 


action  vessel  and  the  vacuum  stabilizing  tank  the  meter  was  in  a 
closed  circuit  and  the  air  passing  through  it  was  at  a  reduced 
pressure,  equal  to  50  mm.  (2  inches)  of  mercury  at  the  aeration 
rate  of  2.0  cubic  feet  in  40  minutes.  The  V.R.S.  values  ob¬ 
tained  by  aerating  a  sample  with  air  metered  at  atmospheric 
pressure  are  higher  than  those  with  air  metered  at  a  vacuum 
equivalent  to  50  mm.  (2  inches)  of  mercury.  Accordingly,  the 
meter  was  kept  at  the  air-intake  end  of  the  air-washing  train  and 
the  flowmeters  were  calibrated  against  the  meter  with  air  passing 
through  it  at  atmospheric  pressure. 

Effect  of  Retort  Processes  on  V.R.S.  Content  of 
Canned  Sardines  (Pilchards).  Asa  preliminary  to  the  appli¬ 
cation  of  the  method  for  the  determination  of  spoilage  in  canned 
fish,  it  was  deemed  necessary  to  ascertain  if  any  volatile  reducing 
substances  were  formed  during  sterilization. 


Table  III. 

Volatile  Reducing  Subst 
Canned  after  Various 

Microequivalents 

Hours 

Reduction  per  5  Ml. 

Stored 

of  Canned  Press  Juice 

0 

8.4 

5.1 

15.7 

9.4 

18.0 

13.5 

23.1 

17.2 

24.2 

21.5 

34.8 

Condition  of  Sample 
(Organoleptic  Evaluation) 

Passable 

Passable 

Passable 

Doubtful  passability 
Not  passable 
Not  passable 


Tabic  IV.  Volatile  Reducing  Substances  in  Canned  Atlantic 

Mackerel 

Microequivalents  Reduction  Condition  of  Sample 

per  5  Ml.  (Organoleptic  Evaluation) 

14 . 4  Passable 

24.5  Incipient  spoilage,  not  passable 

44.1  Putrid  odor 


California  sardines  packed  in  No.  1  tall  cans,  natural  style, 
were^given  the  standard  retort  process  of  90  minutes  at  115.56°  C. 
(240°  F.).  A  number  of  cans  were  then  subjected  to  additional 
processes  up  to  a  total  of  six.  The  last  batch  of  cans,  therefore, 
received  a  heating  of  540  minutes  or  9  hours  at  240°  F.  All  cans 
were  cooled  with  water  between  individual  cooks. 

The  extensive  heat  treatment  had  no  significant  effect  on  the 
content  of  volatile  reducing  substances  in  the  canned  sardines. 
Similarly,  higher  process  temperatures  do  not  influence  the 
V.R.S.  values. 


Table  I.  Effect  of  Storage  Temperature  on  Volatile  Reducing 
Substances  in  California  Sardines 

Microequivalents  Reduction  per  5  Ml.  of  Press  Juice  of  Fish 


Hours 

Sea  Water  at  80.6°  F.  (27°  C.) 

Organoleptic 

Sea  Water  at  37 

0  F.  (2.8°  C.) 
Organoleptic 

Stored 

Raw 

Canned 

condition 

Raw 

Canned 

condition 

5 

9 

31.8 

45.1 

6.8 

19.3 

Passable 

Raw  not  pass¬ 
able,  canned, 
borderline 

13 

56.2 

39.2 

Not  passable 

17.75 

123.3 

73.0 

Not  passable 

28 

35.7 

6.9 

Passable 

73 

35.1 

9.8 

Passable 

98 

. . 

. . . 

33.0 

7.7 

Passable 

Fish  at  80.6°  F.  were  no  longer  fit  for  canning  after  9  hours’  storage, 
whereas  fish  at  37°  F.  remained  fit  for  eanning  until  the  end  of  the  experi¬ 
ment. 


5 

Figure  4.  Apparatus  for  Obtaining  Fish  Press  Juice 
Cylinder  C,  piston  P  perforated  disk,  and  Chromel  screen 
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.Application  of  Method  to  Other  Foodstuffs.  Some  ex¬ 
periments  were  conducted  to  ascertain  the  relationship  between 
the  content  of  volatile  reducing  substances  and  the  state  of  pres¬ 
ervation  of  foodstuffs  other  than  fish. 

Ground  round  steak  was  incubated  in  the  original  wrapping 
paper  at  37.5°  C.  and  periodically  sampled  as  follows:  A  5-gram 
sample  was  well  triturated  in  a  mortar  with  10  ml.  of  redistilled 
water.  The  mixture  was  squeezed  through  cheesecloth  and  a  5- 
ml  aliquot  of  the  press  liquor  was  aerated  with  2  cubic  feet  of 
air  through  two  reaction  vessels  containing  10  ml.  of  oxidizing 
agent.  The  results  obtained  are  shown  in  Table  V. 


Table  V.  Increase  in  Volatile  Reducing  Substances  in  Ground 
Round  Steak  during  Storage  at  37.5°  C. 


Hours 

Stored 

Microequivalents 

Reduction 

pH  of  Press 
Liquor 

Organoleptic  Condition 

0 

9.1 

5 . 57 

Normal  meat  odor 

19 

10.4 

5.01 

Normal  meat  odor 

26 

38.8 

5.48 

Strong,  sour  odor;  meat  has 

43 

49.0 

6.92 

brown  color;  no  longer  ap¬ 
pears  edible 

Definite  tainted  odor 

so 

57.4 

7.33 

Foul,  putrid  odor 

Some  preliminary  experiments  were  also  carried  out  on  the  in¬ 
crease  in  volatile  reducing  substances  in  eggs  during  storage  and 
the  relationship  to  the  organoleptic  condition.  The  results  in¬ 
dicated  the  possible  usefulness  of  the  method  for  this  commodity. 

DISCUSSION 

This  method,  in  contrast  to  others  proposed  as  measures  of 
spoilage  in  such  proteinaceous  foodstuffs  as  fish  and  meat,  is  de¬ 
signed  for  determining  only  the  volatile  constituents  which  may 
be  assumed  to  be  responsible  for  the  odors  encountered.  Thus  is 
obtained  a  chemical  and  objective  evaluation  of  the  amount  of 
odor  which,  when  estimated  organoleptically,  is  qualitative  or  at 
best  only  roughly  quantitative  and  subjective. 

The  determination  may  be  considered  sensitive,  since  very 
dilute  solutions  of  acetone  and  ethyl  alcohol,  from  which  no 
trace  of  the  characteristic  odors  of  the  pure  substances  was  de¬ 
tected,  yielded  relatively  large  reduction  values.  The  sensitivity 
of  the  method  in  contrast  to  the  organoleptic  examination  is 
exemplified  by  the  comparison  of  odors  emanating  from  fish  liver 
oils.  Two  samples  of  oil  yielded  V.R.S.  values  of  102.5  and 
108.6  microequivalents  per  5  ml.,  respectively,  while  a  third  gave 
a  reduction  value  of  46.1.  Strong  fishy  odors  of  comparable  in¬ 
tensity  emanated  from  the  first  two  samples,  while  the  third  had  a 
milder  fishy  odor. 

The  total  recovery  of  a  particular  volatile  compound  is  of  no 
immediate  interest  from  a  comparative  point  of  view,  since  the 
percentage  removal  is  practically  constant  for  a  given  volume  of 
air  regardless  of  the  original  concentration.  This  suggests  the 
adoption  of  an  aeration  volume  more  practical  than  that  required 
for  the  complete  removal  of  all  volatile  reducing  substances. 
Accordingly,  a  volume  of  2  cubic  feet  of  air  aspirated  at  the  rate  of 
3  cubic  feet  per  hour  has  been  adopted.  The  same  relationship 
between  V.R.S.  values  in  a  series  has  been  observed  after  as¬ 
pirating  1  cubic  foot  of  air  through  the  sample  as  after  2  cubic  feet. 
Therefore,  if  necessary  the  aeration  may  be  stopped  after  20 
minutes  when  1  cubic  foot  has  been  aspirated.  For  volatile  re¬ 
ducing  substances  in  press  juices  from  fish  which  have  undergone 
varying  degrees  of  spoilage,  2  cubic  feet  of  air  aspirated  at  the 
rate  of  3  cubic  feet  per  hour  removed  between  75  and  90%  of  the 
amount  removed  by  6  cubic  feet  at  the  same  rate. 

The  application  of  the  method  to  problems  concerned  with  the 
evaluation  of  spoilage  is  given  in  Tables  I  to  V.  The  data  pre¬ 
sented  in  Table  I  may  be  of  particular  interest  since  the  prolon¬ 
gation  of  keeping  qualities  through  storage  at  lower  temperatures 


is  shown.  These  experiments  were  carried  out  simultaneously 
with  fish  from  the  same  boat  load  and  catch. 

It  is  evident  that  a  definite  trend  or  pattern  is  manifested  in  ' 
all  fish  varieties,  both  raw  and  canned,  as  spoilage  progresses. 
The  increase  of  volatile  reducing  substances  in  fish  during  dele¬ 
terious  storage  is  continuous  and  parallels  that  of  organoleptic 
changes  accompanied  by  the  evolution  of  odorous  substances. 
From  an  examination  of  data  already  accumulated  on  the  in¬ 
crease  of  volatile  reducing  substances  during  spoilage  of  various 
fish  species,  ranges  of  values  can  be  selected  for  fish  of  borderline 
or  questionable  passability  and  for  those  definitely  not  passable. 

Biological  variability  with  the  resulting  difficulty  in  obtaining 
an  accurate  and  representative  sample,  and  the  pretreatments 
which  the  fish  undergo  during  the  canning  process,  all  exert  a 
marked  influence  upon  the  magnitude  of  the  chemical  evaluation 
in  relation  to  the  extent  of  spoilage.  Here,  as  in  other  studies 
with  biological  materials,  a  considerable  amount  of  data  will  tend 
to  overcome  these  variabilities.  Nevertheless  a  definite  and 
progressive  increase  in  V.R.S.  values  occurs  in  fish  during  pro¬ 
longed  storage  under  deleterious  conditions.  This  increase,  as 
may  be  expected,  is  somewhat  less  for  the  canned  commodity, 
largely  because  of  the  volatilization  of  some  of  the  gases  through 
the  exhaust  or  other  pretreatment  which  the  commodity  under¬ 
goes  during  canning. 

The  accuracy  of  the  method  is  not  influenced  by  the  type  of 
spoilage.  For  instance,  under  one  set  of  experimental  conditions 
fish  spoiled  with  the  formation  of  sour,  fatty  acid  odors,  while 
under  another  set  of  conditions  foul  and  putrid  odors  were  pro¬ 
duced.  The  specific  products  formed  were  different  in  these  two 
experiments,  yet  both  gave  high  values  for  volatile  reducing  sub¬ 
stances  and  indicated  advance  degrees  of  spoilage. 

The  application  of  this  aeration  technique  is  not  limited  to 
spoilage  determination.  It  has  proved  of  value  in  estimating 
the  concentration  of  volatile  constituents  in  a  variety  of  foods, 
where  the  amount  of  volatile  material  is  used  as  an  index  of 
quality  or  desirability  of  a  product. 

SUMMARY 

Based  on  the  fact  that  proteinaceous  foodstuffs  emit  odorous 
substances  as  they  undergo  spoilage  during  deleterious  handling 
and  storage,  a  method  has  been  developed  which  determines 
these  volatile  materials  and  can  be  used  to  measure  the  state  of 
freshness  or  the  degree  of  spoilage  in  such  foodstuffs. 

A  measured  volume  of  washed  air  is  aspirated  through  a  suit¬ 
ably  prepared  sample  of  a  material  and  through  an  alkaline  po¬ 
tassium  permanganate  solution,  all  solutions  being  at  room  tem¬ 
perature.  The  amount  of  reduction  of  this  oxidizing  reagent 
is  used  as  the  measure  of  the  concentration  of  the  volatile  sub¬ 
stances. 

The  procedure  has  been  applied  particularly  to  determine 
state  of  freshness  of  raw  and  canned  fish. 

This  method  may  be  applied  to  the  evaluation  of  odorous  prin¬ 
ciples  in  other  food  commodities,  where  palatability  and  desir¬ 
ability  are  dependent  upon  the  concentration  of  volatile  sub¬ 
stances. 
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Colorimetric  Method  for  Determination  of  Ergosterol 

R.  B.  PETERStN  AND  E.  H.  HARVEY,  Research  Department,  Anheuser-Busch,  Inc.,  St.  Louis,  Mo. 


A  quantitative  colorimetric  method  for  the  estimation  of  pure  ergos¬ 
terol  has  been  developed,  as  a  modification  of  the  reversed  Salkow- 
ski  reaction,  using  concentrated  sulfuric  acid  and  a  carbon  tetra¬ 
chloride  solution  of  ergosterol. 


A  SIMPLE,  inexpensive  method  for  the  estimation  of  ergos¬ 
terol  has  long  been  needed.  The  only  satisfactory  quan¬ 
titative  procedures  which  have  been  reported  are  those  involving 
the  use  of  a  spectrograph,  and  this  has  limited  their  use  to  rela¬ 
tively  few  laboratories.  It  was,  therefore,  decided  to  adapt  one 
of  the  well-known  qualitative  color  reactions  for  sterols  to  a 
quantitative  colorimetric  procedure  for  the  estimation  of  ergos¬ 
terol.  The  first  tried  was  the  Rosenheim  reaction  ( 1 )  using  tri- 
1  chloroacetic  acid  as  the  reagent.  This  was  abandoned  when  it 
was  found  that  the  color  increased  in  intensity  progressively  with 
time,  making  it  very  difficult  to  reproduce  results.  It  was  also 
noted  that  in  the  chloroform  used  as  a  Solvent  for  this  method 
there  was  a  rather  rapid  autoxidation  of  the  ergosterol,  with  the 
formation  of  a  yellow  color  further  interfering  with  the  color  de¬ 
veloped. 

It  was  then  decided  to  try  a  modification  of  the  “reversed 
Salkowski”  reaction  (£)  using  concentrated  sulfuric  acid.  This 
proved  to  give  a  satisfactory,  stable  color,  orange  by  transmitted 
light  and  having  a  strong  green  fluorescence.  A  carbon  tetra¬ 
chloride  solution  of  ergosterol  was  used  to  avoid  the  autoxidative 
effects  which  were  observed  when  chloroform  was  used  as  the 
solvent. 


Table  I.  Per  Cent  Transmission 


20  min. 

30  min 

400 

2 

2 

450 

2 

2 

500 

2 

2 

550 

15.5 

15 

600 

54 

53.5 

650 

77.5 

76.5 

40  min. 

50  min. 

60  min. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

14.5 

14.5 

14.5 

53 

52.5 

52 

77 

77.5 

77 

EXPERIMENTAL 

The  Coleman  Universal  spectrophotometer  Model  11  and  its 
13-mm.  square  tube  cuvette  were  used  in  these  studies. 

Nissen  and  Petersen  (S)  have  given  a  general  discussion  of  the 
methods  and  problems  of  colorimetric  studies. 

Purification  of  Ergosterol.  The  ergosterol  used  was  the 
“Puriss.  in  Nitrogen”  grade  prepared  by  the  Glaxo  Laboratories, 
Ltd.,  Greenford,  Middlesex,  England.  This  had  turned  yellow 
3n  standing,  and  it  was  necessary  to  recrystallize  it  by  dissolving 
50  grams  in  400  ml.  of  hot,  pure  ethyl  acetate  and  allowing  it  to 
crystallize  overnight  at  30°  C.  The  product  retained  a  slight 
yellow  tinge,  and  the  crystallization  was  repeated,  resulting  in  a 
pure  white  product  consisting  of  short  needles.  This  was  sucked 
free  of  solvent  and  dried  at  30°  C.  under  reduced  pressure  in  a 
stream  of  nitrogen.  (a)V  =  -126°,  found  (a) aD°  =  -128.7° 
purified  through  benzoate)  reported  (1).  Purity,  approximately 
38%  (spectrograph). 

I  The  above  observed  rotation  was  the  same  as  was  obtained 
or  the  Glaxo  ergosterol  before  it  had  yellowed  and  the  specific 
■otation  of  the  yellowed  material  was  ( a)  U  =  —115.5°  before 
•ecrystallizations. 

Selection  of  Wave  Length  for  Reading  Color  and  Time 
3f  Color  Development.  A  0.1%  solution  of  ergosterol  in 
rure,  dry  carbon  tetrachloride  was  prepared  and  the  color  de- 
/eloped  as  follows:  five  milliliters  of  the  solution  were  pipetted 
uto  each  of  five  25-ml.  amber  mixing  cylinders  and  10  ml.  of 
:oncentrated  sulfuric  acid  were  added.  These  were  mixed  by 
nverting  several  times.  The  color  formed  in  the  lower  acid 
ayer,  which  was  then  read  by  pipetting  this  layer  into  the 
•uvette.  A  transmission  curve  for  each  sample  was  determined 
ifter  they  had  stood  for  20,  30,  40,  50,  and  60  minutes,  respec¬ 
tively  (Table  I). 


Constancy  of  transmission  is  reached  in  about  40  minutes  at 
550  and  650  m/x. 

A  further  check  of  the  best  wave  length  to  be  used  was  made  by 
determining  transmission  curves  as  before  where  the  concentra¬ 
tion  of  ergosterol  was  varied  in  the  range  0  to  0.1%  with  the 
color  development  time  fixed  at  approximately  50  minutes  (Table 

II). 

The  greatest  reading  differential  in  this  concentration  range  is 
found  at  550  m/x.  It  may  therefore  be  expected  that  the  greatest 
sensitivity  will  be  obtained  at  this  wave  length. 

A  plot  of  the  log  transmission  values  obtained  at  550  m/x  against 
the  concentration  results  in  a  smooth  curve  which  is  substantially 
a  straight  line  in  its  middle  portion.  This  portion  was  used  in 
the  remainder  of  the  work,  using  a  color  development  time  of 
from  50  to  60  minutes. 


Table  II.  Per  Cent  Transmission 


Mm 

0.02% 

400 

4 

450 

5 

500 

13.2 

550 

59 

600 

83.5 

650 

89.5 

Ergosterol 


0.04% 

0.06% 

2 

2 

2 

2 

4.5 

3 

40 

27.2 

77 

67.5 

89 

85 

0.08% 

0.10% 

2 

2 

2 

2 

2.2 

2 

19.2 

14 

59 

52.2 

81 

78 

FACTORS  AFFECTING  INTENSITY  OF  COLOR  DEVELOPED 

Acid.  There  are  two  ways  in  which  the  acid  used  might  affect 
the  color  developed  with  ergosterol — the  color  of  the  acid  and 
its  concentration. 

Color.  Sulfuric  acid  is  frequently  discolored  because  of  con¬ 
tact  with  the  gasket  material  in  the  plastic  closures.  It  is  there¬ 
fore  important  to  refer  all  readings  made  to  the  particular  acid 
used  in  developing  the  color. 

Concentration.  Several  experiments  were  made  to  deter¬ 
mine  the  effect  of  concentration  variation  in  the  acid  used. 
Dilutions  of  94,  90,  and  86%  were  prepared  and  transmission- 
concentration  curves  determined  as  before  (Table  III). 

The  colors  developed  in  this  range  by  the  94  and  90%  acids  are 
practically  identical,  while  those  by  the  86%  are  much  darker. 
They  also  have  a  redder  tinge,  and  tend  to  be  cloudy,  which  may 
account,  in  part,  for  the  decreased  transmission  values.  In 
addition,  a  secondary  blue-green  color  is  developed  in  the  carbon 
tetrachloride  layer.  It  may  be  concluded,  then,  that  acid  from 
90  to  94%  will  give  consistent  reproducible  results.  For  this 
work,  it  was  decided  to  fix  the  acid  strength  at  90%  as  a  matter  of 
consistency. 

Aging  of  Ergosterol  Solutions  in  Carbon  Tetrachloride. 
When  these  solutions  are  allowed  to  stand,  a  change  takes  place 
even  in  the  dark,  resulting  in  a  progressive  increase  in  the  color 
developed  with  sulfuric  acid,  even  though  there  is  no  apparent 
change  in  the  color  of  the  solution  as  shown  by  Table  IV.  For 
this  reason,  solutions  of  ergosterol  in  carbon  tetrachloride  must 
be. read  as  soon  as  they  are  prepared. 

Solvents.  The  question  of  the  best  solvent  to  be  used  in 
preparing  ergosterol  solutions  has  as  yet  not  been  thoroughly 


Table  III. 

Effect  of  Acid  Concentration 

%  Transmission 

%  Ergosterol 

94%  acid 

90%  acid 

86%  ac 

0.02 

59.8 

60.5 

41.5 

0.04 

39.2 

39.8 

31 

0.06 

26.5 

27 

19.5 

0.08 

18.8 

18.5 

10 

0.10 

13.9 

14.1 

7 
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Table  IV.  Effect  of  Aging 

%  Transmission 

%  Ergosteroi  0  days  1  day  2  days  7  days  28  days 


.10 

14.1 

9.8 

1.0 

Too  dark 

.10 

14.5 

3.5 

Table  V.' 

Per  Cent  Transmission 

% 

Ergosteroi 

I 

II 

III 

Average 

0.01 

78 

77.2 

77.6 

0.02 

59 

60.5 

61.5 

60.3 

0.03 

49.5 

48.7 

49.1 

0.04 

40 

39.8 

39.5 

39.8 

0.05 

31.5 

32.0 

31.7 

0.06 

27.2 

27 

26.8 

27 

0.07 

21.5 

21.6 

21.5 

0.08 

19.2 

18.5 

18.8 

18.8 

0.09 

15.5 

15.6 

15.5 

0.10 

14 

14.1 

13.9 

14 

studied.  Carbon  tetrachloride  was  used  in  this  work,  because 
ergosteroi  apparently  does  not  autoxidize  as  readily  in  it  as  in 
chloroform.  It  is  not  at  all  impossible  that  other  solvents  such  as 
cyclohexane  or  cyclohexanone,  etc.,  would  be  useful. 

TRANSMISSION-CONCENTRATION  CURVE  FOR  ERGOSTEROL 

Three  separate  0.10%  solutions  of  ergosteroi  in  carbon  tetra¬ 
chloride  were  prepared  and  read  immediately,  using  90%  sul¬ 
furic  acid.  In  preparing  the  various  concentrations  of  ergosteroi, 


the  volume  of  carbon  tetrachloride  solution  was  maintained  con¬ 
stant  at  5  ml.  Thus,  in  preparing  the  0.02%  solution,  1  ml.  of 
the  0.10%  solution  was  diluted  in  the  mixing  cylinder  with  4  ml. 
of  pure  carbon  tetrachloride,  etc.,  then  10  ml.  of  90%  sulfuric 
acid  were  added  to  each  by  pipet  and  mixed  by  inverting  five 
times.  This  mixing  was  repeated  three  more  times  at  10-minute 
intervals  to  maintain  an  even  distribution  of  color.  The  total 
time  from  the  addition  of  the  sulfuric  acid  averaged  about  50 
minutes  (Table  V). 

The  per  cent  transmission  (log)  when  plotted  against  the  con¬ 
centration  results  in  a  curve  indicating  obedience  to  Beer’s  law 
in  the  range  0.02  to  0.08%  ergosteroi.  The  reproducibility 
of  the  values  is  well  shown  by  the  close  agreement  obtained  in  the 
separate  determinations.  It  is  thus  possible  to  determine  an 
unknown  quantity  of  pure  ergosteroi  in  a  carbon  tetrachloride 
solution  by  developing  a  color  as  above,  reading  the  per  cent 
transmission  at  550  m/x,  and  applying  this  value  to  the  standard 
curve,  from  which  the  concentration  of  ergosteroi  equivalent  to 
the  value  may  be  read.  By  simple  proportion,  the  fact  that  the 
standard  ergosteroi  is  but  98%  pure  may  be  compensated  for, 
and  the  result  reported  in  terms  of  100%  ergosteroi. 
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Determination  of  Formaldehyde 

In  the  Presence  of  Acrolein  and  Other  Aldehydes  by  the 

Polarographic  Method 


GERALD  C.  WHITNACK  and  ROSS  W.  MOSHIER 
Central  Research  Department,  Monsanto  Chemical  Company,  Dayton,  Ohio 


Formaldehyde  can  be  rapidly  determined  in  the  presence  of  acrolein 
and  acetaldehyde  by  the  polarographic  method  with  an  accuracy  of 
=*=2%.  The  propionaldehyde  wave  does  not  overlap  that  of  form¬ 
aldehyde  but  its  presence  tends  to  cause  low  results  unless  deter¬ 
minations  are  run  immediately.  The  most  satisfactory  results  are 
obtained  in  0.1  N  lithium  hydroxide  containing  0.01  N  lithium 
chloride,  at  constant  temperature  and  constant  pH,  without  removal 
of  dissolved  oxygen. 

ALTHOUGH  many  methods  are  available  for  the  determina¬ 
tion  of  formaldehyde,  little  attention  has  been  given  to  its 
determination  in  the  presence  of  other  aldehydes. 

The  Romijn  potassium  cyanide  method  [2,  4,  10,  11,  12)  has 
been  reported  (I)  to  be  suitable  when  acetaldehyde  is  present,  if, 
in  the  procedure,  the  silver  salt  of  the  excess  cyanide  is  immedi¬ 
ately  filtered  off.  According  to  Jahoda  ( 6 ),  however,  this 
method  is  unsatisfactory  for  formaldehyde  in  the  presence  of 
acetaldehyde,  and  this  investigator  reports  an  accurate  polaro¬ 
graphic  method.  The  polarographic  method  for  this  purpose 
has  been  confirmed  by  Grimaldi  and  Wells  (5).  Jonescu  and 
Slusanschi  (7)  have  worked  out  a  time-precipitation  relationship 
for  the  determination  of  certain  aldehydes  in  aldehydic  mixtures 
using  dimethyldihydroresorcinol  (dimedon)  as  a  reagent.  This 
method,  however,  is  too  time-consuming  for  industrial  use. 

This  paper  describes  the  determination  of  formaldehyde  in  the 
presence  of  acrolein  by  the  polarographic  method.  The  effect 
of  the  additional  presence  of  acetaldehyde  and  propionaldehyde 
is  also  brought  out. 

It  has  been  previously  pointed  out  that  in  the  polarographic 
determination  of  acrolein  ( 9 )  in  the  presence  of  formaldehyde  and 


acetaldehyde,  the  formaldehyde  wave  occurs  between  two 
acrolein  waves  when  working  in  an  alkaline  medium.  Although 
there  is  an  encroachment  of  the  formaldehyde  wave  on  the  second 
acrolein  wave,  for  the  determination  of  acrolein  such  an  encroach¬ 
ment  offers  no  difficulty  because  the  first  acrolein  wave  gives 
reliable  results.  In  the  case  of  formaldehyde,  however,  this 
encroachment  is  important  because  this  aldehyde  gives  only  the 
one  wave  and  its  overlapping  by  the  acrolein  wave  renders 
formaldehyde  determinations  inaccurate.  Polarography,  how¬ 
ever,  offers  a  reliable  method  since  there  is  no  overlapping  when 
the  concentration  of  acrolein  does  not  appreciably  exceed  that  of 
formaldehyde.  When  overlapping  does  occur,  this  may  be  cor¬ 
rected  by  repeating  the  determination  with  a  much  smaller 
sample. 

A  0.1  N  lithium  hydroxide  solution,  0.01  molar  in  lithium 
chloride,  is  most  satisfactory  for  the  determination  of  formalde¬ 
hyde  in  the  presence  of  acrolein  within  the  limits  stated  above. 
No  perceptible  change  in  the  pH  occurs  with  dilution  by  the 
addition  of  the  sample  nor  by  traces  of  acid  in  the  sample.  The 
advantageous  use  of  this  solution  confirms  the  previous  report  of 
Jahoda  ( 6 )  that  the  use  of  a  high  pH  made  for  greater  sensitivity 
in  the  determination  of  formaldehyde  in  the  presence  of  acetalde¬ 
hyde. 

SOLUTIONS 

All  indifferent  salt  solutions  contained  maxima  inhibitor,  con¬ 
sisting  of  1  ml.  of  0.2%  methyl  red  alcoholic  solution  and  1.5  ml. 
of  0.02%  bromocresol  green  alcoholic  solution  added  per  liter. 
They  also  contained  0.01  molar  lithium  chloride. 
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Figure  2.  Effect  of  pH  on  Wave  Height 
Sensitivity  1 /5.  Temperature  25,5°  C.  Volume  105  ml. 
1.  pH  12.9.  2.  pH  12.2 


ANALYSES 


Solution  at  pH  9.6  was  prepared  by  adding  carbon  dioxide  to  a 
saturated  solution  of  lithium  carbonate. 

Solution  at  pH  11.6  was  a  saturated  lithium  carbonate  solution. 

Solution  at  pH  12.2  was  a  0.005  molar  lithium  hydroxide  solu¬ 
tion. 

Solution  at  pH  12.9  was  a  0.1  molar  lithium  hydroxide  solution. 

Aldehyde  Solutions.  The  acrolein  solution  was  prepared 
from  commercial  acrolein  by  collecting  a  52°  distillation  fraction 
?n,  W’&ter  containing  0.01%  hydroquinone  as  polymerization 
inhibitor.  This  solution  was  standardized  by  the  Ripper  bi¬ 
sulfite  method  as  modified  by  Kolthoff  and  Furman  ( 8 ).  The 
formaldehyde  solution  was  prepared  by  diluting  Heyden’s  com¬ 
mercial  formalin  and  analyzed  by  the  hydrogen  peroxide  method 

(o). 

The  propionaldehyde  was  that  of  Eastman  Kodak  Company 
All  weighings  were  carried  out  in  ampoules  and  the  aldehyde 
analyzed  by  the  Ripper  bisulfite  method. 


Table  I.  Determination  of  Formaldehyde 


Formaldehyde 

Present 

Mg. 

1.19 

1.19 

1.19 

1.19 

2.38 

2.38 

2.38“ 

2.38 

3.56 

3.56 


O  .  31 

5.94 

5.94 

5.94 


Acetaldehyde 

Present 

Mg. 

2.74 

1.64 

1.09 

0.55 

0.55 

1.09 

1.64 

2.74 

0.55 

1.09 

1.64 

2.74 

5.48 

1.09 

1.64 

2.74 


Formaldehyde 

Found 

Mg. 

1.19 

1.28 

1.19 

1.19 

2.38 

2.40 

2.38 

2.40 

3.45 

3.45 

3.45 

3.55 

5.63 

5.94 

5.94 

5.94 


Error 

% 

0.0 
+7.5 
0.0 
0.0 
0.0 
+0.8 
0.0 
+  0.8 
-3.1 
-3.1 
-3.1 
-0.3 
-5.2 
0.0 
0.0 
0.0 


“  See  curve  2,  Figure  4. 


■ 


The  polarograph  used  in  this  work  was  the  Elecdropode  (manu- 
mctured  by  the  Fischer  Scientific  Company,  Pittsburgh,  Pa.). 
All  work  was  carried  out  at  one  fifth  of  the  galvanometer  sensi¬ 
tivity,  using  125-ml.  lipless  beakers  without  removal  of  dissolved 
oxygen  from  the  solutions.  The  removal  of  oxygen  was  not 


Table  II. 

Determination  of 

Formaldehyde 

Formaldehyde 

Acrolein 

Formaldehyde 

Present 

Present 

Found 

Error 

Mg. 

Mg. 

Mg. 

% 

1.19 

0.742 

1.23 

+3.4 

1.19 

1.48 

1.21 

+  1.7 

1.19 

2.22 

1.19 

0.0 

1.19 

3.71“ 

2.38 

0.742 

2.43 

+2 '.  1 

2.38 

1.48 

2.34 

—  1.7 

2.38 

2.22 

2.34 

-1.7 

2.38 

3.71 

2.38 

0.0 

3.56 

0.742 

3.51 

-1.4 

3.56 

1.48 

3.40 

-4.5 

3.56 

2.226 

3.56 

3.716 

5.94 

0.742 

5’.  94 

o.’o 

5.94 

1.48 

5.94 

0.0 

5.94 

2.226 

5.94 

3.716 

“  See  curve  1,  Figure  4. 

6  Acrolein  wave  overlaps  that  of  formaldehyde. 


Table  III.  Determination  of  Formaldehyde 


Formaldehyde 

Acrolein 

Acetaldehyde 

Formaldehyde 

Present 

Present 

Present 

Found 

Error 

Mg. 

Mg. 

Mg. 

Mg. 

% 

1.19 

1.48 

2.74 

1.19“ 

0.0 

2.38 

1.48 

2.74 

2.38 

0.0 

3.56 

1.48 

2.74 

3.54 

-0.6 

5.94 

1.48 

2.74 

5.72 

-3.7 

1.19 

2.22 

2.74 

1.19 

0.0 

2.38 

2.22 

2.74 

2.766 

+  16.0 

3 . 56 

2.22 

2.74 

3.346 

-6.2 

5.94  2.22 

a  See  curve  3,  Figure  4. 

2.74 

5.726 

-3.9 

b  Waves  overlap  and  determinations  were 
linimum  between  two  waves. 

calculated  using 

apparent 
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GRAM  OF  FORMALDEHYDE 

Figure  3.  Effect  of  pH  on  Wave  Height 

Sensitivity  1/5.  Temperature  25.5°  C.  Volume  105  ml. 
1.  pH  11.6.  2.  pH  9.6 


Table  IV.  Determination  of  Formaldehyde 


Formaldehyde 

Present 

Propionaldehyde 

Present 

Formaldehyde 

Found 

Error 

Mg. 

Mg. 

Mg. 

% 

5.94 

None 

5.90 

-0.6 

5.94 

2.48 

5.51* 

-7.2 

5.94 

1.24 

5.51“ 

-7.2 

5.94 

6.20 

5.42“ 

-8.7 

2.38 

6.20 

2.471- 

+3.7 

2.38 

6.20 

2.06' 

-13.4 

2.38 

6.20 

1.764 

-26.0 

2.38 

2.48 

2.361- 

-0.8 

a  Samples  analyzed  routinely,  within  5  to  10  minutes. 

&  Samples  run  immediately  on  addition  of  propionaldehyde. 
c  10-minute  standing  before  analyzing. 
d  15-minute  standing  before  analyzing. 


APPLIED  VOLTAGE 

Figure  4.  Current  Voltage  Curves  for  Formaldehyde 

Sensitivity  1/5.  Volume  105  ml.  pH  12.9.  Temperature  25.5°  C. 

A.  Formaldehyde  wave.  B,  Acrolein  wave.  C.  Acetaldehyde  wave 

1.  1 .19  mg.  formaldehyde,  3.71  mg.  acrolein 

2.  2.38  mg.  formaldehyde,  1.64  mg.  acetaldehyde 

3.  1.19  mg.  formaldehyde,  1.48  mg.  acrolein,  2.74  mg.  acetal¬ 

dehyde 


required,  as  no  change  in  residual  current  was  observed  in  the 
voltage  increment  used  with  the  pH  12.9  lithium  hydroxide  base 
solution. 

After  addition  of  the  sample  to  the  base  solution  the  cell  can 
stand  for  at  least  0.5  hour  without  loss  of  formaldehyde.  This  is 
an  added  advantage,  in  that  one  can  prepare  several  cells  without 
danger  of  loss  in  accuracy.  Acetaldehyde  and  acrolein,  however, 
must  be  determined  immediately  after  adding  the  sample  to  the 
base  solution. 

For  the  most  accurate  quantitative  work  the  temperature  of 
the  solution  must  be  constant  as  observable  by  an  ordinary 
laboratory  thermometer. 

The  temperature  effect  on  the  polarographic  wave  is  shown  in 
Figure  1.  The  effect  of  pH  on  the  polarographic  wave  is  shown 
in  Figures  2  and  3,  which  indicate  the  necessity  of  constant  pH. 
Figure  4  shows  typical  polarographic  curves  taken  on  solutions 
containing  both  formaldehyde  and  acrolein. 

RESULTS 

A  0.1  N  lithium  hydroxide  solution  containing  lithium  chloride 
and  maximum  inhibitor  giving  a  pH  near  13  was  selected  as  best 
for  reproducibility,  high  sensitivity,  and  noninterference  of 
acrolein  and  acetaldehyde  in  the  determination  of  formaldehyde. 
The  formaldehyde  wave  appears  in  the  voltage  range  —1.50  to 
—  1.65,  having  a  corrected  half-wave  potential  of  —1.56  volts,  a 
drop  weight  of  0.0045  gram,  and  at  a  drop  rate  of  6.3  seoonds. 

The  determination  is  limited  by  the  ratio  of  the  quantities  pres¬ 
ent  in  the  aliquot  taken  for  analysis.  With  6  mg.  of  formalde¬ 
hyde,  no  more  than  0.75  mg.  of  acrolein  may  be  present.  How¬ 
ever,  with  1.2  mg.  of  formaldehyde,  2.2  mg.  of  acrolein  do  not 


interfere.  Acetaldehyde  may  be  present  up  to  2.74  mg.  The 
presence  of  propionaldehyde  renders  the  formaldehyde  deter¬ 
mination  low.  If  the  sample  is  analyzed  immediately  after 
addition  to  the  base  solution  the  error  is  slight.  The  propion¬ 
aldehyde  wave  occurs  in  the  same  voltage  range  as  that  of  acet¬ 
aldehyde  and  showed  no  overlapping  with  the  formaldehyde 
wave. 

The  representative  data  shown  in  Tables  I,  II,  III,  and  IV 
were  obtained  at  pH  12.9,  25.5°  C.,  and  a  galvanometer  sensi¬ 
tivity  of  one  fifth. 
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Analysis  Data  for  the  Ternary  System  Acetone-Benzene- 

Water 


EDITH  HONOLD  AND  HELMUT  WAKEHAM,  Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


A  rapid  and  accurate  method  of  analyzing  mixtures  containing  ace¬ 
tone,  benzene,  and  water  has  been  developed,  using  density  and 
refractive  index  data  at  25°  C. 

THE  need  for  a  rapid  and  accurate  method  of  analysis  for 
mixtures  containing  acetone,  benzene,  and  water  arose  in 
connection  with  solvent-recovery  problems  in  pilot-plant-scale 
operations  on  the  extraction  of  rubber  from  goldenrod  leaves. 
The  method  described  below  has  proved  very  practical  and  satis¬ 
factory.  The  fundamental  data  as  well  as  the  method  should 
find  applications  in  other  investigations  of  solvent  extraction  or 
ternary  liquid  behavior  involving  this  system. 

The  components  of  the  system  acetone-benzene-water  are 
completely  miscible  at  25°  C.  for  concentrations  of  acetone 
greater  than  65  weight  %;  for  lower  proportions  of  acetone  two 
phases  may  be  formed  when  both  benzene  and  water  are  present 
,  to  any  extent.  Density  and  refractive  index  data  for  the  ace¬ 
tone-benzene  and  acetone-water  binary  systems  which  are  each 
mutually  soluble  have  been  determined  by  others  over  limited 
temperature  ranges  and  are  summarized  in  the  International 
Critical  Tables  (7).  More  recently  Ernst  et  al.  (6)  and  Young 
(11)  have  reported  additional  density  data  on  the  acetone-water 
system  at  25°  and  20°  C.,  respectively.  Solubility  curves  and 
tie  fine  data  for  the  ternary  system  at  15°,  30°,  and  45°  C.  were 
obtained  by  Briggs  and  Comings  U)  by  means  of  refractive  index 
measurements.  In  the  present  investigation  density  and  re¬ 
fractive  index  data  at  25°  C.  for  this  system  in  the  region  of 
complete  miscibility  were  obtained  to  permit  analysis  of  mixtures 
in  the  homogeneous  portion  of  the  ternary  diagram. 


Figure  1.  Refractive  Indices  for  Mixtures  of  Acetone,  Benzene, 

and  Water 


EXPERIMENTAL  . 

Materials.  Reagent  grades  of  acetone  and  benzene  were 
used  without  further  purification.  Densities  and  refractive  in¬ 
dices  of  the  original  starting  liquids  at  25°  C.  were  found  to  be  as 
follows:  acetone,  d.  0.7857,  nv  1.3562;  benzene,  d.  0.8731,  nv> 
1.4972.  These  values  agree  sufficiently -  well  with  the  better 
literature  values  summarized  in  the  Annual  Tables  of  Physical 
Constants  ( 1 )  to  permit  analyses  with  an  accuracy  of  0.5%  by  the 
method  herein  described.  Distilled  water  was  used  throughout. 

Refractive  index  was  determined  with  a  dipping  refractometer 
of  precision  =*=0.00005  on  the  solutions  held  in  a  metal  cup  which 
was  surrounded  by  water  circulated  from  a  constant-tempera¬ 
ture  bath.  Density  was  measured  by  National  Bureau  of  Stand¬ 
ards  calibrated  hydrometers  having  a  precision  of  =*=0.0002. 
For  this  determination  approximately  250  cc.  of  the  solutions 
were  used  in  large  stoppered  test  tubes  immersed  in  the  bath 
and  were  allowed  to  come  to  temperature  equilibrium  for  at  least 
30  minutes  before  reading.  The  bath,  set  for  25°  C.,  maintained 
the  temperature  constant  to  within  =*=0.05°  C. 

Solutions  were  prepared  by  weighing  out  the  components  to 
0.01  gram  on  a  2-kg.  capacity  analytical  balance.  Mixtures 
amounting  to  300  cc.  were  prepared  to  give  ample  material  for 
density  measurement  and  to  decrease  inaccuracies  due  to  evap¬ 
oration  of  the  more  volatile  components. 


TERNARY  SYSTEM 

The  method  of  analyzing  three  component  systems  by  measur¬ 
ing  two  independent  properties  has  been  described  by  Berl  and 
Ranis  (3)  and  others  (£,  5,  8,  9,  10).  In  the  present  method  re- 


Weight  % 
Acetone 

Table  1. 

Weight  % 
Benzene 

Experimental  Data 

Weight  % 

Water  »” 

Density  at 

25°  C. 

100 

1 . 3562 

0.7857 

94.96 

5.04 

1.3625 

0.7897 

86.28 

4.58 

9.14 

1.3654 

0.8165 

77.44 

4.11 

18.45 

1.3671 

0 . 8423 

69.72 

3.70 

26.58 

1.3675 

0.8632 

62.03 

3.29 

34.68 

1.3666 

0.8831 

54.04 

2.86 

43.10 

1.3650 

0.9023 

49.07 

2.60 

48.33 

1.3634 

0.9138 

44.50 

2.36 

53.14 

1.3617 

0.9243 

90.03 

9.97 

1.3688 

0.7938 

82.07 

9.09 

8.84 

1.3710 

0.8194 

73.75 

8.17 

18.08 

1.3718 

0.8441 

66.21 

7.33 

26.46 

1.3714 

0.8650 

80.13 

19.87 

1.3812 

0.8021 

71.42 

17.71 

10.87 

1 . 3823 

0.8314 

64.98 

16.11 

18.91 

1.3814 

0.8510 

69.57 

30.43 

1.3950 

0.8107 

66.89 

29.26 

3.85 

1 . 3952 

0.8208 

64.84 

28.36 

6.80 

1.3952 

0.8286 

54.16 

45.84 

1.4166 

0 . 8242 

49.41 

50.59 

1.4229 

0 . 8282 

40.61 

59.39 

1.4350 

0.8358 

19.76 

80.24 

1.4666 

0.8543 

100 

1.4972 

0.8731 

95.44 

4.56 

1.3581 

0.7995 

79.82 

i6. 36 

3.82 

1.3784 

0.8103 

74.91 

21.50 

3.59 

1.3850 

0.8139 

69.25 

27.43 

3.32 

1.3927 

0.8178 

61.56 

35.49 

2.95 

1.4029 

0 . 8236 

53.81 

43.61 

2.58 

1.4145 

0 . 8294 

47.16 

50.58 

2.26 

1.4233 

0.8346 

43.95 

53.94 

2.11 

1.4288 

0.8372 

90.47 

9.53 

1.3600 

0.8143 

81.53 

9.88 

8.59 

1.3719 

0.8192 

73.60 

18.65 

7.75 

1.3828 

0.8236 

80.14 

19.86 

1.3626 

0.8435 

76.50 

4.54 

18.96 

1.3678 

0.8441 

68.39 

14.66 

16.95 

1.3795 

0.8455 

69.75 

30.25 

1 . 3634 

0 . 8704 

67.92 

2.63 

29.45 

1.3664 

0.8702 

65.75 

5.74 

28.51 

1.3699 

0.8696 

60.98 

39.02 

1.3629 

0.8918 

57.80 

5.21 

36.99 

1 . 3686 

0.8892 

49.10 

50.90 

1.3606 

0.9181 

48.10 

51.90 

1.3600 

0.9201 

39.85 

60.15 

1.3572 

0.9366 

39.77 

60.23 

1.3573 

0.9367 

29.85 

70.15 

1 . 3524 

0.9541 

21 .47 

78.53 

1.3477 

0.9668 

20.02 

79.98 

1.3467 

0.9702 

100 

1.3325 

0.9970 
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Table  II. 

Derived 

Data  for  Ternary  Diagram 

at  25° 

C. 

Re¬ 

Weight 

Re¬ 

Weight 

frac¬ 

Weight 

% 

Weight 

frac¬ 

Weight 

% 

Weight 

tive 

% 

Ben¬ 

% 

tive' 

% 

Ben¬ 

% 

Index 

Acetone 

zene 

Water 

Index 

Acetone 

zene 

Water 

1.335 

3.2 

96.8 

0.0 

1.390 

73.3 

26.7 

0.0 

1.340 

9.9 

91.1 

0.0 

70.1 

24.9 

5.0 

1.345 

17.5 

82.5 

0.0 

69.9 

25.0 

5.1 

1.350 

25.6 

74.4 

0.0 

66.3 

23.7 

10.0 

1.355 

35.0 

65.0 

0.0 

64.8“ 

19.2 

16.0 

1.360 

97.0 

3.0 

0.0 

1.395 

69.5 

30.5 

0.0 

93.7 

.  1.3 

5.0 

68.6 

30.0 

1.4 

90.4 

0.0 

9.6 

66.2 

28.8 

5.0 

47.9 

0.0 

52.1 

63.5“ 

27.5 

9.0 

43.4“ 

2.1 

54.5 

1.400 

65.8 

34.2 

0.0 

1.365 

93.0 

7.0 

0.0 

62.6 

32.4  ' 

5.0 

89.6 

5.4 

5.0 

61.4“ 

31.5 

7.1 

88.7 

5.0 

6.3 

86.0 

4.0 

10.0 

1.405 

62.1 

37.9 

0.0 

82.2 

2.8 

15.0 

59.0 

36.0 

5.0 

77.9 

2.1 

20.0 

58.6“ 

35.8 

5.6 

73.4 

1.6 

25.0 

68.5 

1.5 

30.0 

1.410 

58.5 

41.5 

0.0 

50.8" 

3.8 

45.4 

55.6“ 

40.0 

4.4 

1.370 

89.0 

11.0 

0.0 

1.415 

55.0 

45.0 

0.0- 

87.0 

10.0 

3.0 

52.5“ 

43.8 

3.7 

85.5 

9.5 

5.0 

81.9 

8.1 

10.0 

1.420 

51.4 

48.6 

0.0 

78.0 

7.0 

15.0 

49.3“ 

47.7 

3.0 

73.6 

6.4 

20.0 

68.9 

6.1 

25.0 

1 .425 

47.7 

52.3 

0.0 

63.8 

6.2 

30.0 

46.2“ 

51.2 

2.6 

56. 7“ 

6.8 

36.5 

1.430 

44.2 

55.8 

0.0 

1.375 

85.1 

14.9 

0.0 

43.1“ 

54.9 

2.0 

81.6 

13.4 

5.0 

77.8 

12.2 

10.0 

1.435 

40.7 

59.3 

0.0 

73.8 

11.2 

15.0 

1.440 

37.3 

62.7 

0.0 

69.3 

10.7 

20.0 

1.445 

33.9 

66.1 

0.0 

64.5 

10.5 

25.0 

1.450 

30.6 

69.4 

0.0 

60.9° 

11.0 

28.1 

1.455 

27.3 

72.7 

0.0 

1.460 

24.1 

75.9 

0.0 

1.380 

81.1 

18.9 

0.0 

1.465 

20.7 

79.3 

0.0 

77.6 

17.4 

5.0 

1.470 

17.4 

82.6 

0.0 

73.9 

16.1 

10.0 

1.475 

14.0 

86.0 

0.0 

69.8 

15  2 

15.0 

1.480 

10.7 

89.3 

0.0 

65.1 

14.9 

20.0 

1.485 

7.4 

92.6 

0.0 

63.7“ 

15.2 

21.1 

1.490 

4.1 

95.9 

0.0 

1.495 

0.8 

99.2 

0.0 

1.385 

77.1 

22.9 

0.0 

73.8 

21.2 

5.0 

71.1 

20.0 

8.9 

70.1 

19.9 

10.0 

65.8 

19.2 

15.0 

65.0“ 

19.2 

15.8 

Den¬ 

Den¬ 

sity 

sity 

0.790 

98.4 

0.0 

1.6 

0.850 

77.7 

22.3 

0.0 

94.6 

5.4 

0.0 

74.0 

5.0 

21.0 

70.5 

9.5 

20.0 

0.800 

95,2 

0.0 

4.8 

70.2 

10.0 

19.8 

91.6 

5.0 

3.4 

66.3 

15.0 

18.7 

88.0 

10.0 

2.0 

64.7“ 

17.7 

17.6 

84.3 

15.0 

0.7 

24.5 

75.5 

0.0 

82.6 

17.4 

0.0 

0.860 

73.9 

0.0 

26.1 

0.810 

91.8 

0.0 

8.2 

70.0 

5.0 

25.0 

88.3 

5.0 

6.7 

66.1 

10.0 

23.9 

84.6 

10.0 

5.4 

62.9“ 

14.4 

22.7 

83.4 

11.6 

5.0 

13.5 

86.5 

0.0 

80.9 

15.0 

4.1 

77.3 

20.0 

2.7 

0.870 

69.8 

0.0 

30.2 

73.7 

25.0 

1.3 

66.1 

5.0 

28.9 

70.7 

29.3 

0.0 

62.0 

10.0 

28.0 

61.0“ 

11.5 

27.5 

0.820 

88.4 

0.0 

11.6 

2.9 

97.1 

0.0 

84.4 

5.6 

10.0 

84.8 

5.0 

10.2 

0.880 

65.6 

0.0 

34.4 

81.2 

10.0 

8.8 

62.0 

5.0 

33.0 

77.5 

15.0 

7.5 

58.7“ 

8.9 

32.4 

73.8 

20.0 

6.2 

71.0 

24.0 

5.0 

0.890 

61.7 

0.0 

38.3 

70.2 

25.0 

4.8 

56.1“ 

6.9 

37.0 

66.7 

30.0 

3.3 

63.1 

35.0 

1.9 

0.900 

57.4 

0.0 

42.6 

59.6 

40.0 

0.4 

53.4“ 

5.3 

41.3 

58.6 

41.4 

0.0 

0.910 

52.8 

0.0 

47.2 

0.830 

84.9 

0.0 

15.1 

50.3“ 

3.8 

45.9 

81.2 

5.0 

13.8 

77.6 

10.0 

12.4 

0.920 

48.2 

0.0 

51.8 

73.9 

15.0 

11.1 

46.6“ 

2.8 

50.6 

71.1 

18.9 

10.0 

70.3 

20.0 

9.7 

0.930 

43.3 

0.0 

56.7 

66.8 

25.0 

8.2 

42.2“ 

1.9 

55.9 

63.3 

30.0 

6.7 

59.5 

35.0 

5.5 

0.940 

38.0 

0.0 

62.0 

58.5 

36.5 

5.0 

37.3“ 

1.1 

61.6 

56.1 

40.0 

3.9 

52.6 

45.0 

2.4 

0.950 

32.3 

0.0 

67.7 

47.3 

52.7 

0.0 

0.960 

26.1 

0.0 

73.9 

0.970 

19.5 

0.0 

80.5 

0.840 

81.3 

0.0 

18.7 

0.980 

12.3 

0.0 

87.7 

77.6 

5.0 

17.4 

0.990 

5.0 

0.0 

95.0 

74.0 

10.0 

16.0 

70.8 

14.2 

15.0 

66.5 

20.0 

13.5 

65.1“ 

22.3 

12.6 

35.7 

64.3 

0.0 

°  Cloud  point  data. 


Figure  2.  Analysis  Diagram  for  Acetone-Benzene-Water  Mixtures 
Containing  More  Than  50%  Acetone 


fractive  indices  and  densities  were  determined  for  a  number  of 
solutions  of  known  composition,  so  that  lines  of  equal  density 
and  of  equal  refractive  index  could  be  constructed.  These  lines 
were  plotted  on  a  triangular  chart  in  such  a  way  that  the  com¬ 
position  of  an  unknown  could  be  found  by  interpolation  of  its 
measured  density  and  refractive  index  values. 

Two  series  of  mixtures  were  prepared,  one  starting  with  acetone 
and  water  in  different  proportions,  the  other  with  acetone  and 
benzene ;  the  third  component  was  added  stepwise  until  the  cloud 
point  was  reached,  measurements  of  refractive  index  and  den¬ 
sity  being  made  after  each  addition.  The  data  of  the  one  series 
thus  overlapped  and  served  to  check  the  data  of  the  other  over 
most  of  the  region  of  homogeneous  mixture.  Table  I  includes 
experimental  data  for  the  ternary  system  at  25  °  C. 

From  graphical  interpolation  of  these  data  it  was  possible  to 
construct  plots  of  the  refractive  index  vs.  acetone  composition  for 
various  mixtures  of  constant  water  or  constant  benzene  contents 
as  shown  in  Figure  1.  Using  values  obtained  from  this  figure 
lines  of  common  refractive  index  were  constructed  on  the  tri¬ 
angular  chart  for  the  ternary  diagram.  The  density  lines  were 
determined  in  a  similar  manner.  Figure  2  shows  both  sets  of 
lines  for  ternary  mixtures  containing  more  than  50%  acetone. 
Data  used  to  construct  the  curves  in  Figure  2  and  additional  data 
covering  the  system  for  mixtures  with  less  than  50  weight  % 
acetone  are  given  in  Table  II. 

If  the  density  and  refractive  index  of  a  homogeneous  unknown 
of  acetone,  benzene,  and  water  are  determined  at  25°  C.,  the  com¬ 
position  in  weight  per  cent  of  the  sample  may  be  found  to  the 
nearest  0.5%  by  interpolation  of  data  in  Figure  2  and  Table  II. 

Cloud-point  compositions  at  25  °  C.  were  compared  to  data  ob¬ 
tained  by  interpolation  of  values  reported  by  Briggs  and  Comings 
(4)  at  15°  and  30°  C.  Good  agreement  between  these  two  sets 
of  data  was  observed  over  the  entire  solubility  curve. 
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Analysis  of  Cellulose  Derivatives 

Total  Acyl  in  Cellulose  Organic  Esters  by  Saponification  in  Solution 


CARL  J.  MALM,  LEO  B.  GENUNG,  ROBERT  F.  WILLIAMS,  Jr.1,  and  MARY  ALICE  PILE 

Eastman  Kodak  Company,  Rochester,  N.  Y. 


Most  saponification  methods  for  the  determination  of  total  acyl  in 
cellulose  organic  acid  esters  involve  heterogeneous  conditions.  A 
method  has  been  developed  in  which  the  sample  is  saponified  in 
solution.  As  a  result,  homogeneous  saponification  conditions  exist 
which  eliminate  errors  due  to  the  condition  of  the  sample,  improve 
the  accuracy,  shorten  the  time  of  saponification,  and  give  a  better 
end  point.  The  effects  of  time,  temperature,  and  alkalinity  were 
studied  and  the  optimum  conditions  for  each  were  established.  The 
range  of  applicability  of  this  method  is  discussed  and  compared  with 
the  Eberstadt  and  alcoholic  alkali  methods.  The  basic  principle 
followed  involves  solution  of  the  sample  in  a  suitable  solvent,  fol¬ 
lowed  by  stepwise  additions  of  alkali  and  water  under  conditions  such 
that  the  ester  remains  in  solution  until  saponification  is  practically 
complete.  The  regenerated  or  only  slightly  esterified  cellulose 


finally  precipitates  in  a  soft  finely  divided  form  which  does  not 
interfere  with  completion  of  the  reaction  or  the  back-titration.  The 
precision  obtainable  by  this  method  has  been  evaluated  and 
limits  of  uncertainty  (maximum  range  within  which  nearly  all  care¬ 
fully  run  values  should  fall)  are  ±0.1  to  0.2%  acetyl,  depending  on 
the  type  of  ester  being  analyzed.  A  measure  of  the  accuracy  of  the 
method  was  obtained  by  analyzing  samples  for  free  hydroxyl  and 
for  acetyl  or  apparent  acetyl  (saponification  value  calculated  as 
acetyl)  and  complete  acyl  in  the  case  of  cellulose  mixed  esters.  The 
observed  acetyl  or  apparent  acetyl  values  were  compared  with 
those  calculated  by  difference  from  observed  free  hydroxyl  con¬ 
tents  and  molar  ratios  of  the  acyl  groups  in  the  case  of  cellulose 
mixed  esters,  assuming  exactly  3  hydroxyls  per  glucose  unit  of 
cellulose.  The  agreement  was  well  within  experimental  error. 


THE  determination  of  total  acyl  in  cellulose  organic  esters  by 
saponification  in  solution  overcomes  some  of  the  difficulties 
encountered  in  the  heterogeneous  saponification  methods  such  as 
the  Eberstadt  (or  Knoevenagel)  and  the  alcoholic  alkali  methods 
described  in  the  first  paper  of  this  series  (5).  A  solution  method 
has  been  developed  which  eliminates  the  effect  of  the  physical 
form  of  the  sample,  permits  the  use  of  a  lower  alkalinity  and  a 
shorter  time  of  saponification,  and  gives  a  more  satisfactory  end 
point  and  a  slight  improvement  in  accuracy.  However,  the 
solvents  must  be  varied  to  suit  the  composition  and  solubility  of 
each  type  of  ester,  and  the  manipulation  is  somewhat  involved 
and  must  be  varied  for  each  different  type  of  ester.  It  is  thus 
better  adapted  to  routine  analyses  of  familiar  samples  than  to 
isolated  analyses  of  unknown  samples. 

The  basic  principle  followed  involves  solution  of  the  sample  in  a 
suitable  solvent,  followed  by  stepwise  additions  of  alkali  and 
water  under  conditions  such  that  the  ester  remains  in  solution 
until  saponification  is  practically  complete.  When  the  regener¬ 
ated  or  only  slightly  esterified  cellulose  finally  comes  out  of  solu¬ 
tion  it  is  in  a  soft  finely  divided  form  which  does  not  interfere  with 
the  completion  of  the  reaction  or  the  back-titration.  Conditions 
of  temperature  and  alkali  concentration  are  chosen  to  ensure  a 
complete  reaction  and  to  avoid  the  formation  of  acids  by  the  de¬ 
composition  of  cellulose. 

At  least  three  saponification  methods  are  now  available  for  the 
analysis  of  the  organic  esters  of  cellulose.  The  Eberstadt  method 
is  simple  and  best  adapted  to  the  acetone-soluble  cellulose  ace¬ 
tates  and  to  hydrolyzed  cellulose  acetate  propionates  and  acetate 
butyrates  having  low  propionyl  and  butyryl  contents,  if  these 
samples  are  in  good  physical  form.  It  is  also  recommended  for 
cellulose  acetates  having  less  than  15%  acetyl.  The  alcoholic 
alkali  method  is  simple  and  is  widely  applicable  to  cellulose 
esters,  but  usually  is  less  accurate  than  the  Eberstadt  method. 
Both  methods  are  inaccurate  when  the  liquid  medium  used 
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swells  and  softens  the  ester  excessively  but  does  not  dissolve  it. 
The  saponification  in  solution  method  described  in  this  paper  may 
be  used  on  solvent-soluble  cellulose  acetates,  propionates,  butyr¬ 
ates,  acetate  propionates,  and  acetate  butyrates.  It  is  particu¬ 
larly  useful  for  esters  not  readily  analyzable  by  the  Eberstadt 
method  and  where  good  accuracy  is  desired. 

There  are  several  references  in  the  literature  to  methods  in 
which  the  cellulose  ester  is  dissolved  in  a  solvent,  such  as  acetone 
or  pyridine,  and  the  alkali  added  dropwise.  Partial  saponifica¬ 
tion  is  thus  carried  out  in  solution,  but  no  precautions  are  given 
for  maintaining  a  solvent  system  and  for  holding  the  saponifying 
ester  in  solution  as  long  as  possible. 

Barnett  (7)  described  a  procedure,  applied  only  to  acetone- 
soluble  cellulose  acetates,  by  which  a  0.3-gram  sample  was  dis¬ 
solved  in  30  ml.  of  acetone  and  was  saponified  with  50  ml.  of  0.1  N 
sodium  hydroxide  for  24  hours  at  room  temperature.  After 
diluting  with  water,  the  excess  alkali  was  back-titrated  with  0.1  A 
acid  using  phenolphthalein  indicator.  It  was  necessary  to  run 
a  blank  on  the  reagents  and  on  cellulose  and  a  considerable  cor¬ 
rection  was  applied.  Battegay  and  Penche  (3)  analyzed  cellulose 
acetate  by  dissolving  a  0.3  to  0.5-gram  sample  in  30  ml.  of  pyridine 
at  40°  C.  The  solution  was  cooled  to  25°  C.,  and  50  ml.  of  0.5  N 
alkali  were  added.  After  shaking  for  0.5  hour  the  excess  aikali 
was  back-titrated.  Murray,  Staud,  and  Gray  (.9)  developed  a 
rapid  acetyl  method  in  which  a  0.5-gram  sample  was  dissolved  in 
20  ml.  of  pyridine  and  was  saponified  for  0.5  hour  at  about  50°  C. 
with  20  ml.  of  0.5  N  alkali.  This  method  is  rapid  and  applicable 
to  a  certain  range  of  cellulose  acetates,  but  the  temperature  used 
is  too  high.  Charriou  and  Yalette  (3)  determined  the  acetyl  in 
cellulose  acetates  by  dissolving  a  1.5-gram  sample  in  100  ml.  of 
acetone  and  adding  50  ml.  of  0.5  N  sodium  hydroxide  dropwise 
with  agitation.  The  flask  was  stoppered  and  agitated  vigorously 
for  0.5  hour  and  the  excess  sodium  hydroxide  titrated  with  0.5  N 
sulfuric  acid  using  phenolphthalein  indicator.  A  Du  Pont  speci¬ 
fication  (4)  gives  a  method  in  which  a  1.5-gram  sample  is  dis¬ 
solved  in  100  ml.  of  acetone,  50  ml.  of  0.5  N  sodium  hydroxide  are 
added  dropwise,  and  after  3  hours  of  agitation  the  excess  is 
titrated  with  0.5  N  hydrochloric  acid  using  phenolphthalein  indi¬ 
cator. 
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In  earlier  experiments  in  this  laboratory  (10)  various  solvents 
were  tried  including  acetone,  acetone-water,  and  acetone-alcohol 
mixtures  with  aqueous  alkali  at  various  times  and  temperatures. 
Each  of  these  methods  is  applicable  to  a  narrow  range  of  cellu¬ 
lose  esters.  In  some  cases  a  temperature  of  40  °  to  55  °  C.  was  used, 
but  this  does  not  give  satisfactory  results.  Side  reactions  occur 
which  require  exact  control  of  the  time  to  obtain  accurate  results. 
Because  of  these  limitations  and  their  specific  character  these 
methods  have  not  been  widely  accepted. 

PROCEDURE 

• 

The  more  common  cellulose  lower  fatty  acid  esters  have  been 
divided  into  the  following  groups,  based  on  their  solubility  differ¬ 
ences,  and  variations  made  in  the  procedure  to  meet  the  require¬ 
ments  of  each: 

Group  I.  Solvent-soluble  cellulose  acetates  having  about  i5  to 
30%  acetyl,  which  require  water  in  the  solvent  mixture  to  effect 
solution  of  the  sample.  These  solutions  tolerate  a  considerable 
amount  of  water  during  saponification. 

Group  II.  Cellulose  acetates  having  30  to  44.8%  acetyl, 
most  cellulose  acetate  propionates  and  acetate  butyrates  having 
less  than  30%  propionyl  or  butyryl, 
and  similar  esters  whose  solutions  will 
tolerate  some  water. 

Group  III.  Cellulose  propionates, 
butyrates,  acetate  propionates,  ace¬ 
tate  butyrates,  etc.,  having  30  to 
45%  propionyl  or  butyryl,  which  are  very  water-resistant, 
and  the  solutions  of  which  tolerate  little  water. 

Group  IV.  Cellulose  propionates,  butyrates,  and  mixed  esters 
having  more  than  45%  propionyl  or  butyryl  whose  solutions  will 
tolerate  practically  no  water. 

The  samples  are  dried  about  2  hours  at  100°  to  110°  C.,  cooled 
in  a  desiccator,  and  accurately  weighed  into  250-ml.  glass-stop¬ 
pered  Erlenmeyer  flasks.  Each  sample  is  dissolved  in  a  solvent 
mixture  which  meets  the  following  requirements:  It  must  not 
react  with  the  alkali,  must  tolerate  the  addition  of  considerable 
amounts  of  water,  preferably  should  be  a  solvent  for  a  wide 
range  of  cellulose  esters,  and  the  resulting  system  must  be  a 
solvent  for  the  alkali.  Blanks  are  run  on  each  solvent  combina¬ 
tion  used,  and  are  carried  through  all  steps  of  the  manipulations 

In  the  procedure  variations  for  the  four  groups,  solvent  mix¬ 
tures  are  specified  which  have  been  used  successfully.  Definite 
additions  of  water  and  alkali  are  also  recommended.  Other  sol¬ 
vents  meeting  the  requirements  listed  above  and  other  amounts 
and  orders  of  addition  of  water  and  alkali  should  yield  satis¬ 
factory  results  if  the  additions  are  made  at  a  rate  consistent  with 
the  rate  of  saponification  and  change  in  solubility,  so  the  steadily 
changing  ester  will  remain  in  solution  as  long  as  possible.  Enough 
alkali  must  be  added  at  the  start  to  produce  appreciable  diminu¬ 
tion  in  acyl  content,  and  before  precipitation  occurs  enough  water 
must  be  added  to  maintain  a  solution.  More  or  perhaps  all  of  the 
alkali  can  then  be  added,  together  with  enough  water  to  produce 
the  desired  dilution.  If  the  manipulations  are  carried  out  prop¬ 
erly,  the  partly  esterified  or  regenerated  cellulose  separates 
slowly  from  solution  and  settles  in  a  soft  bulky  form.  If  the 
precipitate  is  coarse  or  gummy  the  analysis  is  probably  spoiled 
and  should  be  repeated.  In  general,  a  total  of  120  ml.  of  solvent 
and  30  ml.  of  alkali  is  added,  which  produces  a  dilution  of  the 
0.5  N  alkali  to  0.1  N. 

Group  I.  A  1-gram  sample  is  dissolved  in  50  ml.  of  the  solvent 
mixture.  In  the  case  of  cellulose  acetates  in  the  lower  acetyl  range 
of  this  group  a  2:1:1  by  volume  mixture  of  water,  pyridine,  and 
acetone  is  recommended,  while  in  the  upper  acetyl  range  of  this 
group  the  same  solvents  in  a  ratio  of  1:1:1  are  suggested.  During 
saponification  70  ml.  of  water  (making  a  total  of  120  ml.  of  added 
solvent)  and  30  ml.  of  0.5  N  alkali  are  added.  The  distilled  water 
is  added  to  the  solution  with  vigorous  shaking  until  a  temporary 
precipitate  is  observed  at  the  point  where  the  water  first  comes  in 
contact  with  the  solution  or  until  the  entire  70  ml.  have  been 
added.  A  15-ml.  portion  of  alkali  is  added,  or  alkali  is  added 
until  a  temporary  precipitate  forms.  Then  the  remainder,  if  any, 
of  the  70  ml.  of  water  is  added  and  the  flask  shaken  until  the  solu¬ 
tion  becomes  turbid.  Finally  alkali  is  added  to  give  a  total  of 
30  ml.  The  flasks  are  stoppered  and  allowed  to  stand  at  room 
temperature  for  6  hours  or  more. 


Group  II.  A  0.5-gram  sample  is  dissolved  in  50  ml.  of  a  1 :1  by 
volume  mixture  of  pyridine  and  acetone.  A  20-ml.  portion  of 
distilled  water  and  10  ml.  of  0.5  N  alkali  are  added  with  swirling, 
which  is  continued  until  a  slight  turbidity  appears.  Then  the  re¬ 
maining  50  ml.  of  distilled  water  and  20  ml.  of  alkali  are  added.  Six 
hours  or  more  at  room  temperature  are  allowed  for  saponification. 

Group  III.  A  0.5-gram  sample  is  dissolved  in  100  ml.  of  a  1:1 
by  volume  mixture  of  acetone  and  methyl  alcohol.  A  10-ml. 
portion  of  0.5  N  alkali  is  added  slowly  with  swirling,  until  a 
definite  turbidity  develops.  The  remaining  20  ml.  of  alkali  and 
20  ml.  of  water  are  then  added  slowly.  Six  hours  or  preferably 
overnight  at  room  temperature  must  be  allowed  for  saponification. 

Group  IV.  A  0.5-gram  sample  is  dissolved  in  100  ml.  of  a  1:1 
by  volume  mixture  of  pyridine  and  methyl  alcohol.  A  30-ml. 
portion  of  0.5  N  methyl-alcoholic  alkali  is  added  slowly  with 
swirling.  A  20-ml.  portion  of  water  is  added  slowly  and  the  flask 
swirled  until  the  solution  becomes  turbid,  so  that  the  regenerated 
cellulose  will  settle  in  a  finely  divided  form.  The  flasks  are 
allowed  to  stand  overnight  at  room  temperature  for  completion  of 
saponification. 

In  all  cases,  the  excess  of  alkali  is  back-titrated  using  standard 
0.5  N  hydrochloric  acid  and  phenolphthalein  indicator. 

The  result  may  be  calculated  as  follows : 


=  %  apparent  acetyl 

This  result  is  given  in  terms  of  per  cent  acetyl  in  the  case  of 
cellulose  acetate  and  as  apparent  acetyl  (saponification  value 
calculated  as  acetyl)  in  the  case  of  other  esters. 

STUDY  OF  THE  METHOD 

The  effects  of  some  of  the  variables  of  the  method  were  studied 
using  four  samples,  one  representative  of  each  of  the  four  groups 
described.  The  analyses  of  these  samples  are  given  in  Tables  I, 


Table  I.  Effect  of  Time  and  Temperature  of  Saponification 

- Temperature  of  Saponification— 


0°  c. 

20-35°C. 

40°  C. 

50-55 

0  C. 

Sample 

Time 

Acetyl  or  apparent  acetyl 

Hours 

% 

% 

% 

% 

% 

Low-acetyl  cellulose 

1 

16.0 

16.4 

16.3 

acetate 

16.0 

16.4 

16.4 

16.8%  acetyl 

3 

16.1 

16.5 

16.8 

16.2 

16.5 

16.9 

6 

16.2 

16.8 

16.9 

16.2 

16.8 

17.0 

16 

16.2 

16.8 

16.8 

17.6 

18.5“ 

16.2 

16.8 

16.8 

17.8 

18.7“ 

24 

16.3 

16.8 

16.3 

17.8“ 

16.4 

16.8 

16.5 

17.9“ 

48 

16.5 

16.8 

17.0 

17.3 

19.7“ 

16.5 

16.8 

17.1 

17.4 

19.8“ 

Acetone-soluble  cel¬ 

1 

39.7 

40.0 

39.8 

lulose  acetate 

39.8 

40.0 

39.9 

40.4%  acetyl 

3 

40.0 

40.1 

40.3 

40.0 

40  0 

40.3 

6 

39.9 

40.4 

40.7 

40.0 

40.4 

40.7 

16 

40.0 

40.4 

40.4 

39.2 

43.3“ 

40.0 

40.5 

40.5 

39.3 

43.4“ 

24 

40.1 

40.4 

36.0 

43.3“ 

40.1 

40.5 

36.1 

43.5“ 

48 

40.2 

40.4 

40.7 

37.2 

45.8“ 

40.3 

40.4 

40.7 

37.3 

45.9“ 

Cellulose  acetate 

1 

22.0 

32.0 

34.5 

butyrate  I 

22.2 

32.1 

34.5 

35.0%  apparent 

3 

22.2 

34.7 

35.3 

acetyl 

22.3 

34.7 

35.4 

12.6%  acetyl 

6 

28.1 

35.0 

35.8 

37.0%  butyryl 

28.2 

35.0 

35.9 

16 

33.0 

34.9 

35.4 

37.6 

39.2“ 

33.1 

35.0 

35.5 

37.6 

39.2“ 

24 

34.5 

35.0 

34.0 

39.7“ 

34.5 

35.0 

34.1 

39.7“ 

48 

35.0 

35.0 

36.1 

36.0 

39.3“ 

35.0 

35.0 

36.3 

36.2 

39.5“ 

Cellulose  acetate 

1 

4.4 

18.5 

31.9 

butyrate  II 

4.5 

18.7 

32.0 

34.4%  apparent 

3 

4.6 

25.7 

35.1 

acetyl 

4.6 

25.8 

35.1 

0.7%  acetyl 

6 

10.5 

33.5 

35.4 

55.6%  butyryl 

10.7 

33.8 

35.5 

16 

17.8 

34.3 

34.6 

38.5 

17.9 

34.4 

34.6 

38.7 

24 

21.3 

34.4 

39.3 

21.3 

34.4 

39.4 

48 

30.6 

34.4 

36.1 

42.7 

30,  8 

34.4 

36.0 

42.9 

“  Calculations  made  using 

titration  figure  for  unheated  blank. 

[(ML  IT tor)  -  ( U52 tOT  )1  >< HC1  x « 

sample  weight 
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II,  and  IV ;  two  are  cellulose  acetates  and  two  cellulose  acetate 
butyrates,  the  last  of  which  is  essentially  a  butyrate  with  only  a 
very  little  acetyl. 

In  these  experiments  good  commercial  grades  of  methyl  aloohol 
and  acetone  were  used.  A  good  commercial  grade  of  pyridine 
was  treated  with  flake  sodium  hydroxide  and  fractionated.  The 
water  azeotrope  was  removed  and  the  fraction  taken  which  boiled 
at  115.5°  to  116.0°  C. 

Effect  of  Time  and  Temperature  of  Saponification.  The 
effects  of  the  time  and  temperature  of  saponification  were  studied 
as  shown  in  Table  I.  The  above  procedure  was  followed  with 
these  two  variations. 


These  data  show  that  better  results  are  obtained  at  the  room 
temperature  range  (20°  to  35°  C.)  than  at  0°,  40°,  or  50°  to  55°  C. 
In  the  case  of  cellulose  acetates  and  cellulose  acetate  propionates 
or  butyrates  of  low  propionyl  or  butyryl  content,  acceptable 
results  may  be  obtained  after  6  hours  at  room  temperature  which 
do  not  change  even  after  48  hours.  About  16  hours  at  this  tem¬ 
perature  must  be  allowed  for  cellulose  acetate  propionates  or 
acetate  butyrates  having  a  high  propionyl  or  butyryl  content. 

At  0°  C.  the  reaction  is  very  slow  and  in  most  cases  is  not  com¬ 
plete  even  after  48  hours.  Erratic  results  are  obtained  at  50°  to 
55°  C.  Changes  jn  the  titer  of  the  blank,  as  a  result  of  heating, 
indicate  a  side  reaction.  There  is  a  considerable  reaction  after  16 
hours,  and  as  much  as  2  ml.  of  alkali  was  consumed  in  some  of 
the  blanks.  Results  are  too  high  when  calculated  using  the  titra¬ 
tion  figure  of  an  unheated  blank.  There  is  also  some  side  reac¬ 
tion  in  48  hours  at  40°  C.  After  16  hours  there  has  been  a  reac¬ 
tion  in  some  cases,  and  results  were  acceptable  in  other  cases.  Be¬ 
cause  of  this  erratic  behavior,  saponification  temperatures  should 
be  kept  below  40°  C. 


Effect  of  Time  of  Saponification  and.  Alkali  Concentra¬ 
tion.  The  effects  of  the  time  of  saponification  and  the  alkali 


Table  II.  Effect  of  Time  and  Alkali  Concentration 


Sample 

Low-acetyl  cellulose  acetate, 
16.8%  acetyl 


Acetone-soluble  cellulose  acetate, 
40.4%  acetyl 


Cellulose  acetate  butyrate  I 
35.0%  apparent  acetyl 
12.6%  acetyl 
37.0%  butyryl 


Cellulose  acetate  butyrate  II 
34.4%  apparent  acetyl 
0.7%  acetyl 
55.6%  butyryl 


Alkali  Concentration 


0.05  N 

0.1  N 

0.2  N 

Time 

Acetyl  or  Apparent  Acet 

Hours 

% 

% 

% 

1 

15.9 

16.4 

16.8 

15.9 

16.4 

16.8 

3 

16.1 

16.4 

16.8 

16.2 

16.5 

16.8 

6 

16.4 

16.8 

16.8 

16.4 

16.8 

16.8 

16 

16.3 

16.8 

16.8 

16.4 

16.8 

16.8 

24 

16  4 

16.8 

16.8 

16.4 

16.8 

16.8 

48 

16.5 

16.8 

16.8 

16.5 

16.8 

16.8 

1 

39.6 

40.0 

40.4 

39.7 

40.0 

40.4 

3 

39.9 

40.0 

40.4 

40.0 

40.1 

40.4 

6 

40.2 

40.4 

40.4 

40.2 

40.4 

40.4 

16 

40.2 

40.4 

40  4 

40.2 

40.5 

40.4 

24 

40.2 

40.4 

40.4 

40.3 

40.5 

40.4 

48 

40.3 

40.4 

40.4 

40.3 

40.4 

40.4 

1 

27.0 

32.0 

34.7 

27.2 

32.1 

34.8 

3 

30.4 

34.7 

35.0 

30.6 

34.7 

35.0 

6 

34.1 

35.0 

35.0 

34.1 

35.0 

34.9 

16 

34.7 

34.9 

35.3 

34.8 

35.0 

35.3 

24 

35.0 

35.0 

35.3 

35.0 

35.0 

35.4 

48 

35.0 

35.0 

35.4 

35.1 

35.0 

35.5 

1 

8.2 

18.5 

26.6 

8.4 

18.7 

26.8 

3 

13.1 

25.7 

31.9 

13.3 

25.8 

32.0 

6 

22.1 

33.5 

34.3 

22.3 

33.8 

34.4 

16 

24.8 

34.3 

31.0 

24.9 

34.4 

31.2 

24 

31.7 

34.4 

30.7 

31.9 

34.4 

30.5 

48 

34.1 

34.4 

32.6 

34.2 

34.4 

32.4 

Table  Ilf.  Precision  Studies 


Test  No. 

1 

2 

3 

4 


6 

7 

8 
9 

10 


Low-acetyl 

cellulose 

acetate 

16.80 

16.80 

16.79 

16.79 

16.76 

16.77 
16.87 
16.86 
16.86 
16.87 


-Per  Cent  Acetyl  or  Apparent  Acetyl- 
Acetone- 


Numerical  average  =  Xi 
Xi  =16.81 

Sum  of  squares  of  deviations 
2d2  =  0.0173 

Standard  deviation  =  via  = 
rn  =  0.042 


V 


soluble 

Cellulose 

Cellulose 

cellulose 

acetate 

acetate 

acetate 

butyrate  I 

butyrate  II 

40.40 

34.96 

34.42 

40.40 

34.99 

34.36 

40.42 

34.90 

34.50 

40.42 

34.96 

34.42 

40.44 

34.98 

34.48 

40.41 

34.94 

34.37 

40.40 

35 . 05 

34.35 

40.49 

34.98 

34 . 40 

40.40 

35.01 

34.51 

40.38 

35.07 

34.30 

40.41 
jm  average 
0.0088 

34.98 

34.41 

=  2d2 

0.023 

0.042 

(2d2 

10 

0.030 

0.048 

0.065 

—  L{7av.  = 

—  3  gio 

Xl  ± 

V10 

LUtv.  =  16.77  to  16.85  40.38to40.44  34 . 93  to  35 . 03 
Limit  of  uncertainty  of  individual  result  =  LUi  =  1  3<r10 

LUi  =  ±0.13  ±0.10  d 


34. 35  to  34.47 


0.923 

0.16 


fc0.21 


concentration  were  studied  as  shown  in  Table  II.  The  nominal 
concentration  is  that  produced  by  dilution  of  the  added  alkali 
by  the  solvents  added.  The  actual  concentration  is  probably 
below  this  value  at  all  times. 

These  data  show  that  satisfactory  results  are  obtained  when 
0.5  A  alkali,  diluted  by  the  solvents  added  to  produce  a  concen¬ 
tration  of  0.1  N,  is  used.  In  this  case  the  reaction  is  complete  in 
from  6  to  16  hours.  The  results  obtained  during  this  time  are  not 
changed  even  after  48  hours. 

When  0.25  N  alkali,  diluted  by  the  solvents  to  0.05  N,  is  used 
the  reaction  is  very  slow,  and  in  most  cases  is  not  complete  after 
48  hours.  In  the  case  of  1.0  N  alkali  diluted  to  0.2  N,  acceptable 
results  are  obtained  in  one  hour  on  cellulose  acetates,  and  this 
value  remains  constant  for  48  hours.  The  reaction  is  complete 
in  the  case  of  cellulose  acetate  butyrate  I  after  3  hours,  but  the 
results  are  too  high  after  about  16  hours.  Results  on  cellulose 
acetate  butyrate  II  are  very  erratic.  WTien  2.5  N  alkali  is  used  to 
give  a  nominal  concentration  of  0.5  N  after  dilution,  suitable 
additions  of  alkali  cannot  be  made.  The  alkalinity  is  so  high  that 
the  sample  precipitates  immediately,  giving  unsatisfactory  re¬ 
sults. 

PRECISION  STUDIES 

The  precision  attainable  by  this  procedure  was  evaluated  by 
the  method  described  by  Moran  (8).  The  same  four  samples 
used  in  the  above  studies  were  analyzed  ten  times  by  the  same 
operator  under  the  most  favorable  conditions,  and  the  data  ob¬ 
tained  are  shown  in  Table  III.  The  average  of  the  ten  values 
(Ai)  was  calculated  for  each  sample,  individual  variations  from 
the  average  were  squared,  and  the  sums  of  these  squares  (2d2) 
then  used  in  the  following  calculations : 

Standard  deviation  (a)  is  the  most  accurate  measure  of  dis¬ 
persion  about  an  arithmetical  mean,  and  mathematically  is  the 
square  root  of  the  average  of  the  squares  of  the  individual  devia¬ 
tions  : 

V  - 

1710  "  VT0 


The  limit  of  uncertainty  of  the  average  (LU„.)  is  the  narrowest 
range  within  which  any  one  result  can  be  guaranteed : 


LU„.  =  X,  *  ~= 

VIo 


The  limit  of  uncertainty  of  the  method  under  the  best  possible 
conditions  ( LUi )  is  the  precision  range  within  which  a  high 
proportion  of  results  (997  out  of  1000)  should  fall  when  good 
samples  are  analyzed  by  a  skilled  technician  working  under  closely 
controlled  conditions : 
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Table  IV. 

Test  of  Accuracy 

Low- 

Acetyl 

Cellulose 

Acetone- 

Soluble 

Cellulose 

Cellulose 

Cellulose 

Acetate 

Butyrate 

Cellulose 

Acetate 

Butyrate 

Sample 

Acetate 

Acetate 

Triacetate 

I 

II 

Acyl  content 

%  acetyl 

16.8 

40.4 

44.4 

12.6 

0.7 

%  butyryl 

37.0 

55.6 

Per  cent  free  hydroxyl  ob- 

served 

18.16° 

3.03 

0.15 

2.20 

0.15 

Hydroxyl  groups  per  glu¬ 
cose  unit 

Esterified 

0.757 

2.513 

2.955 

Acetyl 

0.927 

0.059 

Free,  observed 

2.070 

0.472 

0.025 

Butyryl 

1.650 

0.410 

2.853 

0.032 

Observed,  total 

2.827 

2.985 

2.980 

2.987 

2.944 

Apparent  acetyl 

Observed 

16.8 

40.4 

44.4 

35.0 

34.4 

Calculated  from  hydroxyl 

and  molar  ratio 

18. 9  & 

40.5 

44.6 

35.1 

34.6 

a  Value  low.  Good  accuracy  not  attained  on  samples  of  such  high  hydroxyl  content  by 
method  employed. 

b  Calculated  acetyl  value  high  because  based  on  inaccurate  hydroxyl  value. 


LZh  = 


o  0~1D 

0.923 


When  this  test  was  applied  to  a  low-acetyl  cellulose  acetate,  a 
limit  of  uncertainty  of  ±0.13%  acetyl  was  found.  In  the  case  of 
acetone-soluble  cellulose  acetate  this  range  is  ±0.10%  acetyl,  as 
compared  to  ±0.16%  acetyl  when  this  test  was  applied  to  the 
same  sample  analyzed  by  the  Eberstadt  method.  The  solution 
method  is  thus  a  little  better  than  the  Eberstadt  method.  The 
precision  attainable  on  the  cellulose  acetate  butyrate  I  is  within 
±0.16%  apparent  acetyl.  The  corresponding  range  for  cellulose 
acetate  butyrate  II  is  ±0.21%  apparent  acetyl.  Both  the  pre¬ 
cision  and  accuracy  have  been  found  to  be  a  little  better  than  ob¬ 
tained  by  the  alcoholic  alkali  method. 

The  limit  of  uncertainty  under  routine  conditions  (LUi)  is 
evaluated  from  similar  data  collected  over  a  period  of  a  year,  and 
will  probably  be  found  to  be  somewhat  larger — i.e.,  poorer  pre¬ 
cision. 

TEST  OF  ACCURACY 

It  is  difficult  to  establish  the  accuracy  of  an  analytical  method 
for  cellulose  derivatives  because  it  is  practically  impossible  to 
prepare  a  sample  of  known  composition.  A  practical  measure  of 
accuracy  was  obtained  by  analyzing  the  four  samples  used  in  the 
above  tests  and  a  sample  of  cellulose  triacetate  for  their  free 
hydroxyl  contents  by  the  acetic  anhydride  and  pyridine  method 
(6),  and  the  cellulose  acetate  butyrates  for  their  molar  ratios  of 
acetyl  and  butyryl  and  their  acetyl  and  butyryl  contents  in 
weight  per  cent  (7).  Acetyl  values  for  the  cellulose  acetates  were 
calculated  from  the  observed  free  hydroxyl  contents  assuming  3 
replaceable  hydroxyls  per  glucose  unit  of  cellulose.  Apparent 
acetyl  values  for  the  acetate  butyrates  were  calculated  from  the 
observed  free  hydroxyl  contents  and  molar  ratios  of  acetyl  and 
butyryl,  making  the  same  assumption.  When  acetyl  or  apparent 
acetyl  values,  calculated  in  this  way,  agree  with  the  observed 
values,  a  measure  is  obtained  of  the  combined  accuracies  of  all 
the  methods  involved. 

Table  IV  shows  the  analytical  data  obtained  on  five  samples, 
the  number  of  esterified  and  free  hydroxyls  per  glucose  unit,  and 
their  totals.  The  accuracy  attained  in  these  analyses  is  shown  by 
the  agreement  between  these  totals  and  3  hydroxyls  per  glucose 
unit  and  by  the  agreement  between  the  observed  and  calculated 
acetyl  values. 

In  the  case  of  the  low-acetyl  cellulose  acetate  the  acetyl  calcu¬ 
lated  does  not  agree  well  with  the  observed  acetyl.  The  free 
hydroxyl  value,  however,  is  probably  low  because  high  accuracy 
of  the  free  hydroxyl  determination  is  not  to  be  expected  for  sam¬ 
ples  having  more  than  about  1.5  free  hydroxyls.  The  proce¬ 
dure  (6)  does  not  provide  drastic  enough  conditions  to  produce 
complete  acetylation  of  cellulose  esters  having  such  high  free 
hydroxyl  contents.  The  accuracy  of  the  analysis  of  this  sample 
is  therefore  not  established.  In  the  other  cases  the  observed  acetyl 
or  apparent  acetyl  and  the  calculated  values  agree  practically 


within  the  precision  limits  attainable  by  these 
methods,  and  the  accuracy  probably  lies  within 
these  same  limits. 

SUMMARY 

A  method  for  the  analysis  of  total  acyl  in  cellulose 
esters  of  organic  acids  is  presented  in  which  the 
sample  is  saponified  in  solution.  This  method 
overcomes  some  of  the  difficulties  encountered  in 
the  commonly  used  heterogeneous  saponification 
methods  in  that  it  is  independent  of  the  condition 
of  the  samples,  can  be  run  in  a  shorter  elapsed  time, 
and  is  a  little  more  accurate.  It  does,  however,  in¬ 
volve  somewhat  more  complicated  manipulation. 

This  method  has  been  applied  to  solvent-soluble 
cellulose  acetates  (containing  from  15  to  44.4% 
—  acetyl),  cellulose  acetate  propionates  and  acetate 
butyrates,  and  cellulose  propionates  and  butyr¬ 
ates  up  to  and  including  tributyrates.  These  cellulose  esters 
have  been  divided  into  four  groups  based  on  composition 
and  solubility.  Variations  are  recommended  for  each  group  such 
that  the  sample  is  dissolved  in  a  suitable  solvent,  and  alkali  and 
water  are  added  alternately  to  maintain  a  solvent  system  until 
saponification  is  nearly  complete.  The  regenerated  cellulose  is 
then  in  a  finely  divided  form  and  does  not  interfere  with  the 
completion  of  the  reaction  or  the  back-titration. 

The  effects  of  time  and  temperature  of  saponification  and  time 
and  alkali  concentration  were  studied  and  the  optimum  condi¬ 
tions  established.  Usually  0.5-gram  samples  are  saponified  with 
30  ml.  of  0.5  N  alkali  with  a  total  of  120  ml.  of  added  solvent, 
allowing  6  to  16  hours  for  saponification  at  room  temperature 
(20°  to  35°  C.).  The  reaction  is  complete  in  6  hours  or  less  in 
enough  cases,  particularly  the  cellulose  acetates,  so  that  a  fairly 
accurate  value  could  be  obtained  in  one  working  day,  if  required. 

Precision  studies  were  made  on  samples  typical  of  each  of  these 
groups,  and  it  was  found  that  precision  limits  of  from  ±0.10% 
acetyl  for  cellulose  acetates  to  ±0.20%  apparent  acetyl  for  cellu¬ 
lose  acetate  butyrates  may  be  attained  when  working  under  care¬ 
fully  controlled  conditions.  These  ranges  are  the  limits  of  un¬ 
certainty  within  which  practically  all  carefully  made  determina¬ 
tions  should  fall;  however,  duplicate  values  usually  agree  closer 
than  this,  as  shown  by  data  reported. 

A  measure  of  the  accuracy  of  the  methods  has  been  obtained  by 
analyzing  samples  completely  for  acetyl,  acyl  groups  in  the  case  of 
cellulose  mixed  esters,  and  free  hydroxyl.  The  observed  acetyl  or 
apparent  acetyl  results  were  compared  with  values  calculated  by 
difference  from  observed  free  hydroxyl  contents  and  molar  ratios 
of  the  acyl  groups  present  in  mixed  esters,  assuming  exactly  3 
hydroxyls  per  glucose  unit  of  cellulose. 
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Determination  of  Vanillin  and  Coumarin  in  Flavoring  Extracts 

Ultraviolet  Absorption  Method 
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A  method  for  the  analysis  of  genuine  and  imitation  vanilla  extracts 
involves  a  dilution,  precipitation  with  lead  acetate,  extraction  with 
ethyl  ether,  and  dilution  of  the  ether  extract  to  a  large  volume  with 
water.  The  quantity  of  total  vanillin  and  coumarin  in  the  solution 
is  estimated  from  the  absorption  at  2875  A.  and  the  quantity  of  each 
from  a  simple  equation  involving  values  at  2313  A.  The  method 
is  rapid  and  convenient  and  the  results  are  of  good  reproducibility. 
Tests  with  mixtures  of  known  composition  indicate  good  accuracy. 
A  slightly  modified  and  simpler  procedure  not  employing  ether 
extraction  is  employed  for  pure  vanilla  extracts. 

f>NE  of  the  early  methods  for  determination  of  vanillin  and 
coumarin  in  flavoring  extracts  was  that  proposed  by  Hess 
and  Prescott  (7),  a  modification  of  which  is  in  general  use  today 
(11).  This  method  is  based  on  the  difference  in  the  chemical 
structure  of  vanillin  and  coumarin.  Vanillin  is  separated  from 
coumarin  through  the  addition  of  aqueous  ammonia  to  an  ether 
extract  of  the  vanilla  extract.  The  vanillin  forms  a  water- 
soluble  aldehyde-ammonia  while  the  coumarin  remains  unaffected 
in  the  ether  layer.  Upon  acidification  and  extraction  of  the 
aqueous  layer  with  ether,  the  vanillin  is  recovered  in  the  ether 
layer.  By  evaporating  the  ether  solutions,  the  amounts  of  vanil¬ 
lin  and  coumarin  can  be  determined.  However,  the  residues  are 
usually  contaminated  and  need  further  purification,  thus  reduc¬ 
ing  the  convenience  and  accuracy  of  the  method. 

Several  colorimetric  methods  for  the  determination  of  vanillin 
|  (3,  3,  6,  10)  and  coumarin  (4,  8,  9)  involve  chemical  reactions  in 
which  substances  showing  absorption  in  the  visible  spectral  range 
are  produced.  However,  both  vanillin  and  coumarin  show  pro¬ 
nounced  absorption  in  the  ultraviolet  region  of  the  spectrum. 
Vanillin  exhibits  a  maximum  at  a  wave  length  where  coumarin 
shows  only  slight  absorption.  It  was  the  purpose  of  this  work 
to  discover  if  the  general  principle  in  spectrophotometry  used  by 
Englis  and  Skoog  (5)  for  determination  of  sulfanilamide  and  sul- 
fathiazole  in  mixtures  could  be  similarly  applied  to  determination 
of  vanillin  and  coumarin  in  commercial  flavoring  extracts. 

EQUIPMENT 

Some  absorption  data  were  obtained  by  means  of  a  Bausch  & 
Lomb  medium  quartz  spectrograph  supplemented  with  a  Leeds 
®  ^  orthrup  recording  microphotometer.  Other  measurements 
were  obtained  with  a  Beckman  photoelectric  spectrophotometer. 

The  spectrograph  was  operated  with  a  slit  width  of  0.07  mm. 
A  W  ood’s  type  of  hydrogen  discharge  tube  served  as  a  source  of 
illumination.  The  hydrogen  tube  was  placed  with  the  exit  win¬ 
dow  at  a  distance  of  8  cm.  from  the  slit,  A  cell  of  1-cm.  length 
with  quartz  windows  was  used  to  hold  the  liquids  during  their 
J1  examination.  Separate  exposures  of  the  solvents  and  the  sam- 
pies  were  taken  for  a  period  of  1.5  minutes  each.  The  spectra 
H  were  recorded  on  Eastman  Polychrome  plates,  each  of  which  was 
1  calibrated  by  making  a  series  of  separate  exposures  in  which  the 
time  interval  was  varied  in  a  regular  manner:  2,  4,  8,  16,  32,  and 
I  64  seconds.  The  plates  were  developed  for  5.5  minutes  in  East¬ 
man  x-ray  developer  at  18°  C.,  then  fixed,  washed,  and  dried. 

J|  After  drying,  the  densities  of  the  spectrograms  at  selected  wave- 
I  length  intervals  were  determined  with  a  Leeds  &  Northrup  re¬ 
cording  microphotometer.  A  family  of  plate  calibration  curves 
for  the  selected  wave  lengths  was  then  constructed,  by  reference 
i  to  the  appropriate  curve  the  relative  intensity  values  for  the  pure 
solvent  and  sample  were  found,  and  from  these  the  extinction 
value  for  the  solution  was  calculated. 


The  Beckman  instrument  was  operated  with  a  slit  width  of 
1.0  to  1.1  mm.  in  the  range  2250  to  2500  A.  and  of  0.5  to  0.6  mm. 

in  the  range  2500  to  3000  A.  The  extinction  values  were  read 
directly. 

ABSORPTION  CHARACTERISTICS 

In  establishing  the  absorption  curves  of  vanillin  and  coumarin, 
solutions  were  prepared  in  concentrations  of  10  mg.  of  each  per 
liter  in  water  containing  about  10%  alcohol.  The  E  values  are 
expressed  for  a  cell  length  of  1  cm.  The  curves  are  shown  in  Fig¬ 
ure  1;  the  greatest  difference  in  absorption  occurs  at  2313  A. 
At  wave  length  2875  A.  the  extinction  value  for  an  equal  weight 
of  either  constituent  is  the  same.  Thus  the  total  concentrations 
for  a  mixture  of  the_constituents  can  be  found  by  determining  the 
extinction  at  2875  A.  and  the  amount  of  each  individual  constit¬ 
uent  can  be  obtained  by  use  of  a  simple  equation  rom  the  ex¬ 
tinction  value  at  2313  A.  The  equation  to  be  us  d  is: 

xEe  +  (l  —  x)Ev  =  Em 

In  the  equation 

x  =  concentration  of  coumarin  in  mg.  per  liter 
t  —  x  =  concentration  of  vanillin  in  mg.  per  liter 
t  =  total  concentration  of  both  constituents  aos  found  by  pre¬ 
liminary  observation  of  E  value  at  2875  A. 

Ec  =  extinction  value  fori  mg.  of  coumarin  per  liter  at  2313  A. 

Ev  =  extinction  value  for  1  nig.  of  vanillin  per  liter  at  2313  A. 
Em  =  extinction  value  observed  for  mixture  at  2313  A. 

Subsequent  testing  indicated  that  the  E  values  at  the  two  wave 
lengths  selected  showed  no  significant  change  when  water  con¬ 
taining  an  amount  of  ether  equivalent  to  that  present  unde,  the 
conditions  of  analysis  of  later  experiments  was  employed  as  a 
solvent. 

As  indicated  in  Figure  2,  the  solutions  and  the  mixture  follow 
the  Beer-Lambert  law. 

ANALYSIS  OF  PURE  VANILLA  EXTRACTS 

The  first  portion  of  the  experimental  work  was  concerned  with 
examination  of  samples  containing  only  one  constituent:  pure 
vanilla -extracts  containing  37%  alcohol.  The  first  of  these  was 
analyzed  by  the  official  Hess-Prescott  method.  Percentages 


Figure  1 .  Absorption  Curves 

I.  10  mg.  of  vanillin  per  liter 

II.  10  mg.  of  coumarin  per  liter 
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of  unpurified  vanillin  indicated  for  duplicate  samples  were  0.21 
and  0.20%. 

The  object  of  the  first  experiment  was  to  learn  if  vanillin  could 
be  determined  on  a  very  small  sample  without  removing  the  al¬ 
cohol,  by  precipitating  the  resins  with  lead,  diluting  to  a  larger 
volume,  filtering,  and  determining  the  absorption  of  the  filtrate. 


MILLIGRAMS/LITER 


Figure  2.  Absorption  Values 

I.  Vanillin  at  231 3  A. 

II.  Vanillin  and  coumarin  at  2873  A. 

III.  Coumarin  at  2313  A. 


Special  Procedure  for  Genuine  Extracts.  No  Ether 
Extraction.  Five  milliliters  of;Ithe  pure  vanilla  extract  were 
measured  into  a  1-liter  volumetric  flask,  10  ml.  of  lead  acetate 
(80  grams  per  liter)  were  added,  and  the  mixture  was  allowed  to 
stand  for  30  minutes.  At  the  end  of  this  period  the  mixture  was 
diluted  to  volume  with  distilled  water  and  filtered,  and  the  fil¬ 
trate  examined  with  the  spectrophotometer.  In  subsequent  ex¬ 
periments  the  excess  lead  acetate  showed  some  absorption  in  the 
selected  range.  To  remove  the  lead  20  ml.  of  the  filtrate  were 
treated  with  approximately  0.5  gram  of  solid  sodium  dihydrogen 
phosphate  monohydrate  and  filtered  before  the  absorption  was 
determined.  From  the  observed  E  values  at  wave  length  2313  A. 
the  quantity  of  vanillin  in  100  ml.  of  extract  was  calculated  by 
reference  to  the  E  values  for  solutions  of  known  concentration  at 
this  wave  length.  The  results  of  the  tests  are  given  in  column 
one  of  Table  I. 

An  experiment  was  also  carried  out  to  determine  if  the  method 
could  give  complete  recovery  of  vanillin  and  satisfactory  results 
if  coumarin  were  present  also. 

The  analyses,  after  addition  of  known  amounts  of  pure  vanillin 
and  coumarin  to  the  pure  vanilla  extract,  showed  recoveries  of 
98  to  100%  and  demonstrated  that  the  principle  of  the  analysis 
of  the  mixtures  was  satisfactory. 

Subsequent  experiments  suggested  that  traces  of  other  con- 


Table  I.  Determination  of  Vanillin  in  Pure  Vanilla  Extract 

(Grams  of  vanillin  per  100  ml.) 


Spectrographic  Photoelectric  Spectrophotometric 

Method  Method 


Sample  1“ 

Sample  II6 

Sample  1 1 

Sample  II6 

0.211 

0.191 

0.210 

0.195 

0.211 

0.189 

0.210 

0.198 

>0.223 

0.195 

0.210 

0.194 

0.223 

0.188 

0.209 

0.193 

>0.223 

0.223 

0 . 224 
0.236 

Av.  0.227 

Av.  0.191 

0.209 

0.218 

0.218 

0.214 

Av.  0.212 

Av.  0.195 

a  Analyzed  by  special  procedure.  Extract  clarified  with  lead  acetate. 
No  ether  extraction  used. 

&  Analyzed  by  general  procedure.  Extract  clarified  with  lead  acetate. 
Filtrate  extracted  with  ethyl  ether. 


stituents  may  have  increased  the  absorption  at  the  selected  wave 
lengths  and  the  analysis  of  sample  I  was  repeated  later  by  an  al¬ 
ternate  procedure  involving  an  extraction  with  ether. 

General  Procedure  for  Vanilla  Extracts.  A  20-ml.  por¬ 
tion  of  the  genuine  extract  was  measured  into  a  50-ml.  volumetric 
flask  and  diluted  to  volume  with  distilled  water.  The  mixture 
was  then  transferred  to  a  50-ml.  glass-stoppered  Erlenmeyer  flask, 
1  gram  of  crystalline  lead  acetate  was  added,  and  the  mixture  was 
shaken  thoroughly  and  allowed  to  stand  for  1  hour.  After  filtra¬ 
tion,  a  10-ml.  portion  of  the  filtrate  was  placed  in  a  small  separa¬ 
tory  funnel,  10  ml.  of  ethyl  ether  (previously  washed  with  water) 
were  added,  and  the  mixture  was  shaken.  The  aqueous  layer 
was  carefully  withdrawn  into  another  separatory  funnel  and 
again  treated  with  ether.  The  procedure  was  carried  out  four 
times  using  successively  10-,  8-,  5-,  and  5-ml.  portions  of  the  ether. 
After  each  separation  the  ether  portion  was  washed  into  a  1000- 
ml.  volumetric  flask  by  means  of  a  stream  of  distilled  water  and 
the  funnel  completely  washed  out.  When  all  the  ether  extrac¬ 
tions  had  been  transferred  to  the  volumetric  flask,  the  mixture 
was  diluted  to  volume  and  the  ultraviolet  absorption  of  the  solu¬ 
tion  was  determined.  At  this  dilution  ether  is  completely  soluble 
and  the  solvent  mixture  has  essentially  the  same  absorption  as 
water.  However,  a  similar  solution  of  pure  water  and  ether  is 
recommended  for  establishing  the  It  value  of  the  solvent.  The 
ultraviolet  absorption  was  determined  at  2313  A.  as  before 
(Table  I). 

The  values  obtained  for  sample  I  by  the  procedure  employing 
the  Beckman  instrument  are  slightly  lower  and  of  somewhat 
better  reproducibility  than  those  obtained  by  the  first  procedure 
with  the  spectrograph.  Repeating  the  second  procedure  with  a 
new  sample  of  similar  nature  and  determining  absorption  with 
both  types  of  instruments  proved  satisfactory,  although  perfect 
agreement  was  not  obtained. 


Table  II.  Analysis  of  Imitation  Vanilla  Extracts* 

(Caramel,  0.200  gram  of  vanillin,  and  0.200  gram  of  coumarin  per  100  ml 
Ether  extraction  used  to  remove  vanillin  and  coumarin) 


Vanillin 

Coumarin 

Gram  per  100  ml. 
Spectrographic  Method 

Total 

0.210 

0.188 

0.398 

0.192 

0.204 

0.396 

0.198 

0.198 

0.396 

0.198 

0.198 

0.396 

0.198 

0.198 

0.396 

0.198 

0.198 

0.396 

0.188 

0.228 

0.416 

0.198 

0.206 

0.404 

0.198 

0.206 

0.396 

0.198 

0.198 

Photoelectric  Spectrophotometric  Method 

0.396 

0.200 

0.200 

0.400 

0.200 

0.200 

0.400 

“  Total  vanillin  and  coumarin  found  by  ultraviolet  absorption  at  2875  A. 
and  proportion  of  each  by  absorption  at  2313  A. 


The  results,  after  the  extraction  procedure,  agree  with  the 
quantity  indicated  by  the  Hess-Prescott  method  without  any 
purification  of  the  residue.  Perhaps  there  is  a  slight  loss  of  vanil¬ 
lin  in  the  Hess-Prescott  method  during  removal  of  the  alcohol  and 
in  the  first  drying  of  the  sample,  after  evaporation  of  the  ether. 
This  loss  may  be  compensated  by  the  small  amount  of  impurity, 
so  that  the  values  indicated  without  purification  may  be  nearer 
correct. 

ANALYSES  OF  IMITATION  VANILLA  EXTRACTS 

An  attempt  was  first  made  to  find  a  clarifying  agent  which 
would  remove  the  color  but  neither  of  the  primary  constituents 
sought.  To  simulate  the  color  material  in  imitation  vanilla  ex¬ 
tracts,  samples  of  caramel  were  prepared  by  heating  glucose  (/). 
These  were  added  in  appropriate  quantities  to  solutions  of  vanil¬ 
lin  and  coumarin,  and  decolorization  was  attempted.  None  of 
the  agents  tried  was  found  satisfactory;  impurities  absorbing  in 
the  ultraviolet  still  remained  or  some  of  the  constituents  sought 
were  removed.  It  was  imperative  to  use  an  ether  extraction  for 
the  separation  of  the  vanillin  and  coumarin  from  other  compo- 
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Table  III.  Analysis  of  Commercial  Imitation  Vanilla  Extracts 


The  quantities  of  vanillin  and  coumarin  were  calculated 
(Table  II). 


(Ether  extraction  used  to  remove  vanillin  and  coumarin) 


- Sample  I - 

- Sample  II - 

Vanillin 

Coumarin 

Total 

Vanillin 

Coumarin 

Total 

Gram  per  100  ml. 

Gram  per  100  ml. 

Spectrographic 

Photoelectric  Spectrophotometric 

Method 

Method 

6 . 098 

0.138 

0.236 

0.117 

0.110 

0.227 

0.094 

0.146 

0.240 

0.117 

0.110 

0.227 

0.092 

0.148 

0.240 

0.117 

0.111 

0.228 

0.094 

0.142 

0.236 

0.117 

0.112 

0.229 

0.092 

0.144 

0.236 

0.117 

0.110 

0.227 

0.090 

0.146 

0.236 

0.094 

0.136 

0.230 

0.094 

0.144 

0.238 

Hess-Prescott  Gravimetric 

Spectrographic 

Method 

Method 

0.098 

0.14 

0.231 

0.113 

0.117 

0.230 

0.094 

0.114 

0.208 

0.117 

0.116 

0.233 

The  results,  given  in  Table  II,  show  very  good  agreement  for 
total  vanillin  and  coumarin  with  the  0.400-gram  total  known  to 
be  present.  Reproducibility  of  results  is  slightly  less  satisfac¬ 
tory  for  the  individual  constituents,  but  still  very  good. 

The  next  experiment  was  examination  of  a  commercial  imita¬ 
tion  extract  represented  as  containing  vanillin,  coumarin,  sugar, 
artificial  color,  and  2%  alcohol,  by  the  method  applied  to  the 
laboratory  sample  (Table  III).  Reproducibility  of  results  is 
very  good  for  the  total  of  the  flavoring  constituents  and  only 
slightly  less  satisfactory  for  the  individual  materials. 

Duplicate  analyses  by  the  Hess-Preseott  method  were  in  good 
agreement  with  the  ultraviolet  absorption  method. 

BLENDS  OF  GENUINE  AND  IMITATION  VANILLA  EXTRACTS 


Table  IV.  Analysis  of  Mixture  of  Genuine  and  Imitation  Vanilla 
Extract  by  Ultraviolet  Absorption  Method 


' - 

- Sample  I - 

- Sample  II - 

Vanillin 

Coumarin 

Total 

Vanillin 

Coumarin 

Total 

Gram  per  100  ml. 

Gram  per  100  ml. 

0.168 

0.053 

0.221 

0.153 

0.055 

0.208 

0.168 

0.053 

0.221 

0.155 

0.053 

0.208 

0.163 

0.055 

0.218 

0.153 

0.055 

0.208 

0.163 

0.055 

0.218 

0.158 

0.053 

0.209 

0.163 

0.055 

0.218 

Av.  0.155 

0.054 

0.208 

0.163 

0 . 055 

0.218 

v.  0.165 

0.054 

0.219 

Calculated  Quantities  Present  on  Basis  of  Previous  Analysis  of  Component 

Extracts 

0.165  0.055  0.220  0.156  0.055  0.211 

,  nents  of  the  imitation  extracts  before  the  spectrophotometric 

i  analysis  could  be  carried  out. 

The  laboratory  samples  of  imitation  vanilla  extract  were  pre¬ 
pared  by  dissolving  0.2000  gram  each  of  vanillin  and  coumarin  in 
10  ml.  of  alcohol  in  a  100-ml.  flask,  adding  enough  caramel  to  give 
a  proper  color  value,  and  diluting  to  volume. 

Since  no  resins  were  present,  no  lead  clarification  was  carried 
out.  A  5-ml.  portion  of  the  solution  was  extracted  with  ethyl 
ether,  following  the  general  procedure  previously  described,  and 
the  spectrophotometric  evaluation  made  at  2313  and  2875  A. 


It  is  very  desirable  that  any  method  proposed  for  vanilla  ex¬ 
tracts  be  applicable  to  a  genuine  or  imitation  product  or  a  blend 
of  the  two.  Accordingly,  the  general  procedure  for  analysis  of 
pure  vanilla  extract  was  applied  to  a  blend  of  genuine  samples  and 
commercial  imitation  samples  already  analyzed.  The  two  were 
mixed  in  equal  proportion  by  volume  and  a  20-ml.  portion  of  the 
mixture  was  analyzed  (Table  IV). 
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Colorimetric  Determination  of  Chromium  in  Steel 


LOUIS  SINGER* i 1  AND  WALTER  A.  CHAMBERS,  Jr.,  Naval  Research  Laboratory,  Anacostia,  D.  C. 


Chromium  is  determined  in  steel  by  a  method  based  on  the  fact  that 
ferric  perchlorate,  which  is  itself  colorless,  intensifies  the  color  of  the 
dichromate  ion.  The  method  is  not  subject  to  interference  by  iron 
or  usual  alloying  constituents. 

IN  PRACTICALLY  all  the  colorimetric  methods  that  have 
been  employed,  chromium  in  steel  is  determined  after  it  has 
been  separated  from  iron.  The  determination  is  then  made  by 
measuring  the  intensity  of  the  chromate  or  dichromate  color  or 
the  color  produced  with  dichromate  and  a  suitable  organic  re¬ 
agent. 

When  large  amounts  of  steel  are  taken  for  analysis,  iron  is 
first  separated  from  chromium  by  extraction  with  ether.  Small 
amounts  of  iron  are  precipitated  and  chromium  is  simultaneously 
oxidized  and  dissolved  by  the  use  of  an  alkaline  peroxide  solution. 
Yoe  (2)  describes  the  use  of  disodium-1, 8-dihydroxynaphthalene- 
3, 6-disulfonate  (Koenig’s  reagent),  diphenylcarbazide,  and  di- 
phenylsemicarbazide  for  the  colorimetric  analysis  of  chromium. 
These  reagents  are  very  sensitive  to  small  amounts  of  chromium 
but  are  subject  to  interference  by  iron  and  other  alloying  con¬ 
stituents  that  may  be  present  in  certain  steels,  thus  making  chemi¬ 

1  Present  address,  3707  Nichols  Ave.,  S.  E.,  Washington,  D.  C. 


cal  separations  necessary.  However,  Mal’tsev  and  Temirenko 
(1),  using  diphenylcarbazide,  take  a  small  sample  weight  and 
determine  up  to  0.1%  chromium  in  steel  without  previous  sepa¬ 
ration.  Organic  reagents  have  been  employed  in  cases  where  the 
chromium  content  of  steel  is  very  low,  as  the  color  produced  by 
small  amounts  of  chromate  or  dichromate  ion  alone  is  too  weak  to 
allow  accurate  results. 

This  paper  describes  a  method  for  the  colorimetric  determina¬ 
tion  of  chromium  in  steel,  which  is  not  subject  to  interference  by 
iron  or  alloying  constituents  usually  present.  The  method  is 
suitable  for  steel  containing  between  a  few  thousandths  and  1% 
chromium  and  is  rapid,  as  chemical  separations  are  not  used. 
The  basis  of  the  method  lies  in  the  fact  that  ferric  perchlorate, 
which  is  itself  colorless,  intensifies  the  color  of  the  dichromate  ion. 

EXPERIMENTAL 

Solutions  were  prepared  containing  known  amounts  of  chro¬ 
mium  and  iron,  using  a  standard  dichromate  solution  and  Na¬ 
tional  Bureau  of  Standards  sample  22b.  These  samples  were 
dissolved  and  boiled  with  perchloric  acid  to  oxidize  chromium. 
After  being  cooled  and  diluted  to  a  definite  volume  they  were 
transferred  to  an  absorption  tube  and  a  colorimeter  reading  was 
taken.  The  solutions  were  then  reduced  with  a  small  crystal 
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Table  I.  Effect  of  Iron  on  Intensity  of  Dichromate  Color 


1.000 

Gram  of 

Iron 

0.500 

Gram  of 

Iron 

No  Iron 

Oxi¬ 

Re¬ 

Oxi¬ 

Re¬ 

Oxi¬ 

Re¬ 

dized 

duced 

Dif¬ 

dized 

duced 

Dif¬ 

dized 

duced 

Dif¬ 

Chromium, 

solu¬ 

solu¬ 

fer¬ 

solu¬ 

solu¬ 

fer¬ 

solu¬ 

solu¬ 

fer¬ 

Mg. 

tion 

tion 

ence 

tion 

tion 

ence 

tion 

tion 

ence 

0.070 

13 

0 

13 

0.240 

42 

2 

40 

0.570 

'91 

3 

88 

0.870 

132 

4 

128 

0.950 

150 

5 

145 

'78 

'i 

'77 

37 

0 

37 

1.15 

170 

6 

164 

1.85 

272 

7 

265 

is2 

'4 

i48 

'72 

0 

72 

2.30 

332 

10 

322 

188 

5 

183 

90 

1 

89 

2.75 

382 

11 

371 

222 

7 

215 

109 

2 

107 

3 . 65 

464 

13 

451 

289 

8 

281 

145 

3 

142 

4 . 55 

354 

8 

346 

182 

5 

177 

5 . 55 

427 

11 

416 

222 

7 

215 

them  through  the  procedure  described  below.  Graphs 
(Figures  1  and  2)  were  drawn  from  the  results  obtained. 
In  each  case  the  line  is  a  slight  curve. 

In  order  to  determine  the  accuracy  of  the  method, 
various  samples  of  Bureau  of  Standard  steels  were  ana¬ 
lyzed.  Artificial  standards  were  also  prepared  by  add¬ 
ing  nickel,  copper,  cobalt,  molybdenum,  aluminum, 
titanium,  and  vanadium  to  weighed  mixtures  of  Bureau 
of  Standard  steels  and  analyzing  the  resulting  mixtures 
(Table  II). 

PROCEDURE 

Preparation  of  Solution.  Transfer  1.000  gram  of 
sample,  for  steel  containing  up  to  0.1%  chromium,  to 
a  125-ml.  Phillips  beaker  and  dissolve  in  10  ml.  of  dilute 
nitric  acid  (1  to  1)  and  20  ml.  of  perchloric  acid  (70  to 
72%).  For  steel  containing  between  0.1  and  1%  of 
chromium  take  a  0.500-gram  sample  and  dissolve  in  10  ml.  of 
nitric  acid  (1  to  1)  and  15  ml.  of  perchloric  acid  (70  to  72%). 
Evaporate  to  dense  fumes  of  perchloric  acid  and  boil  gently  for 
5  minutes  to  oxidize  chromium  (boiling  for  8  minutes  does  no 
harm).  Cool  the  beaker  and  contents  rapidly  in  tap  water. 
Dissolve  soluble  salts  with  20  ml.  of  water  and  transfer  the 
solution  to  a  50-ml.  glass-stoppered  volumetric  flask.  Cool  the 
solution  to  room  temperature  and  dilute  to  50  ml. 

Taking  the  Colorimeter  Reading.  Transfer  a  portion  of 
the  solution  to  the  absorption  tube  and  reduce  with  a  small 
crystal  (about  10  to  20  mg.)  of  ferrous  ammonium  sulfate.  Ad¬ 
just  the  colorimeter  so  that  the  reading  on  this  solution  is  zero. 
Discard  the  solution  in  the  absorption  tube,  refill  with  the  oxi¬ 
dized  solution,  and  take  a  second  reading.  This  reading  is  a, 
measure  of  the  color  due  to  the  dichromate.  In  the  absence  of  j 
elements  which  form  highly  colored  ions,  such  as  copper,  nickel,] 
cobalt,  etc.,  it  is  not  necessary  to  reset  the  colorimeter  at  zero  ! 


Table  II.  Determination  of  Chromium  in  Bureau  of  Standards 

Samples 


of  ferrous  ammonium  sulfate  and  a  second  reading  was  taken. 
The  difference  between  these  two  readings  represents  the  colorim¬ 
eter  reading  due  to  the  dichromate. 

Results  in  Table  I  show  that  ferric  perchlorate  itself  is  color¬ 
less  but  increases  the  color  intensity  of  the  dichromate. 

It  was  found  from  subsequent  experiments  that  a  1-gram 
sample  was  most  suitable  when  the  chromium  content  of  the  steel 
was  between  a  few  thousandths  and  0.1%.  When  the  percent¬ 
age  of  chromium  was  between  0.1  and  1%,  a  0.5-gram  sample  was 
taken  for  analysis. 

Accordingly,  solutions  were  prepared  using  a  steel  of  known 
chromium  content  and  a  standard  solution  of  potassium  dichro¬ 
mate.  Readings  were  taken  on  these  solutions  after  carrying 


Composition 

Alloying 

Element 

Chromium 

Chromium 

Added 

Present 

Colorimetricaily 

Gram 

% 

% 

% 

1.000  8d 

None 

0.007 

0.007 

0.008 

1.000  lid 

None 

0.008 

0.009 

1.000  13d 

None 

0.023 

0.009 

0.023 

0.023 

1.000  15c 

None 

0.055 

0.055 

0.056 

0.500  30c 

None 

0.977 

0.98 

0.98 

0.500  72 

None 

0.911 

0.91 

0.91 

0.500  72a 

None 

0.655 

0.66 

0.500  100 
0.300  20d 

None 

0.180 

0.66 

0.19 

0.700  22b 
0.400  20d 

None 

0.087 

0.087 

0.600  22b 

None 

0.115 

0.115 

0.970  13d 
0.500  100 

3  Cu 

0.022 

0.022 

0.470  lid 

3  Cu 

0.095 

0.099 

0.485  100 

3  Cu 

0.175 

0.187 

0.485  72 

3  Cu 

0.883 

0.90 

0.970  13d 
0.500  100 

3  Ni 

0.022 

0.020 

0.470  lid 

3  Ni 

0.095 

0.096 

0.485  100 

.  3  Ni 

0.175 

0.18 

0.485  72 
0.500  lid 

3  Ni 

0.883 

0.87 

0.500  68“ 
0.400  72 

1.38  Mo 

0.108 

0.092 

0.100  G8a 
0.100  106 

0 . 67  Mo 

0.764 

0.75 

0.900  lid 
0.250  106 

0.1  A1 

0.137 

0.137 

0.250  lid 

0.5  A1 

0.65 

0.64 

0.990  13d 
0.500  100 

1  Co 

0.023 

0.021 

0.490  22b 

1  Co 

0.092 

0.095 

0.495  100 

1  Co 

0.178 

0. 186 

0.495  72 

1  Co 

0.902 

0.90 

0.495  72 

1  V 

0.902 

0.88 

1.000  HJN6 
0.250  HJN& 

1.5  Ti 

0.115 

0.102 

0.25  72 

0.167  HJN6 

0.75  Ti 

0.51 

0.49 

0.333  72 

0.50  Ti 

0.646 

0.63 

Authors’  alloy. 

contains  2.76% 

molybdenum  and 

0.208%  chromium. 

Authors’  alloy. 

contains  1.50%  titanium  and  0.115%  chromium. 
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*411  subsequent  colorimeter  measurements  are  made  by  taking  a 
reading  on  an  oxidized  solution,  reducing  the  solution  in  the  ab¬ 
sorption  tube  with  a  small  crystal  of  ferrous  ammonium  sulfate, 
and  taking  a  second  reading.  The  difference  between  the  first 
and  second  readings  then  represents  the  color  due  to  the  diehro- 
mate  present.  If  appreciable  amounts  of  highly  colored  ions  are 
present,  the  colorimeter  is  adjusted  to  read  zero  on  the  reduced 
solution  before  a  reading  is  taken  on  the  oxidized  sample. 

DESCRIPTION  OF  COLORIMETER 

A  Klett-Summerson  photoelectric  colorimeter  was  used.  This 
colorimeter  has  a  logarithmic  scale,  and  when  Beer’s  law  applies, 
the  scale  readings  are  proportional  to  the  concentration  of  col¬ 
ored  ion.  Measurements  were  made  in  an  absorption  tube  of 
12.5-mm.  inside  diameter,  with  a  color  filter  transmitting  be¬ 
tween  410  and  480  millimicrons. 

DISCUSSION  OF  RESULTS 

Reference  to  Table  II  shows  that  duplicate  determinations 
agree  well  and  the  results  obtained  compare  favorably  with  the 
Bureau  of  Standard  certificate  values.  Moderate  amounts  of 
the  ordinary  alloying  constituents  do  not  affect  the  accuracy  of 
the  method.  Since  the  color  intensity  of  dichromate  is  depen¬ 


dent  upon  the  concentration  of  ferric  perchlorate,  it  is  evident 
that  large  amounts  of  alloying  constituents  would  produce  an 
appreciable  error  in  this  method.  In  the  case  of  silicon,  for  ex¬ 
ample,  experience  has  shown  that  amounts  in  excess  of  1  %  cause 
a  perceptible  error  if  the  normal  graph  of  per  cent  vs.  colorimeter 
reading  is  used.  However,  supplementary  graphs  for  the  de¬ 
termination  of  chromium  in  high-silicon  iron  or  steel  may  be 
prepared,  by  using  samples  which  contain  known  chromium  and 
known,  similar,  high-silicon  percentages.  An  additional  pre¬ 
caution  deserves  mention :  it  is  necessary  to  allow  the  silica  pres¬ 
ent  in  the  colorimeter  tube  to  settle  for  1  or  2  minutes  before 
taking  a  reading. 

This  method  is  applicable  to  the  great  majority  of  steels  without 
any  modification  whatever.  Inasmuch  as  iron  is  not  separated 
from  chromium,  the  analysis  is  more  rapid  than  most  methods  for 
the  colorimetric  determination  of  chromium  in  steel. 
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Quantitative  Separation  of  Alcohol  and  Ester  Forms  of 

Vitamin  A 

By  Solvent  Extraction  and  Chromatographic  Methods 
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II  vitamin  A  alcohol  and  vitamin  A  palmitate  are  distributed  between 
equal  volumes  of  95%  aqueous  methanol  and  petroleum  ether, 
27%  of  the  alcohol  form  and  98%  of  the  ester  form  remain  in  the 
petroleum  ether  phase.  A  simple  formula  allows  calculation  of  the 
percentage  of  either  form  of  vitamin  A  if  an  unknown  mixture  is 
distributed  between  the  solvents.  Vitamin  A  alcohol  can  be  sepa¬ 
rated  quantitatively  from  its  esters  by  filtration  of  a  solution  in  ethyl¬ 
ene  dichloride  through  chromatographic  columns  of  activated 
alumina.  A  procedure  for  carrying  out  this  analytical  separation  is 
described. 


IT  HAS  been  claimed  (4)  that  esterified  vitamin  A  in  its  natu¬ 
ral  state  in  fish  liver  oils  has  a  higher  biological  potency  than 
equivalent  amounts  of  vitamin  A  alcohol  in  the  unsaponifiable 
fractions  of  these  oils.  Investigation  of  these  claims  necessitated 
the  development  of  a  fast  and  simple  method  for  the  analytical 
separation  of  vitamin  A  alcohol  from  its  esters.  Molecular  dis¬ 
tillation  of  oils  has  been  used  (6),  but  the  equipment  is  not  so 
simple  in  operation  as  is  desirable  for  an  analytical  method.  (A 
method  for  the  assay  of  both  forms  by  fluorophotometry  was  pub¬ 
lished  after  the  completion  of  this  manuscript,  8.) 

The  analytical  separation  by  solvent  fractionation  was  studied 
by  Gillam  (5)  who  reported  the  distribution  of  vitamin  A  (alco¬ 
hol)  between  light  petroleum  ether-  and  aqueous  methanol. 
Claussen  (3)  separated  the  alcohol  and  ester  forms  by  distribu¬ 
tion  between  hexane  and  81.9%  aqueous  ethanol.  A  search  of 
the  literature  did  not  reveal  data  concerning  the  advantages  of 
different  alcohols  for  the  separation  or  details  of  the  analytical 
procedure. 

The  distribution  of  crystalline  vitamin  A  alcohol  and  crystal¬ 
line  vitamin  A  palmitate  was  determined  by  shaking  a  solution  of 
about  0.40  mg.  of  vitamin  A  alcohol  or  0.70  mg.  of  vitamin  A  ester 
in  50  ml.  of  petroleum  ether  (Skellysolve  B)  with  an  equal  volume 
of  an  aqueous  aliphatic  alcohol.  The  change  in  volume  was 
noted  and  the  percentage  distribution  was  calculated  from  deter¬ 


minations  of  vitamin  A  in  the  petroleum  ether  phase  by  measur¬ 
ing  the  ultraviolet  absorption  at  328  mfi.  The  results  are  sum¬ 
marized  in  Figure  1. 

The  percentage  distributions  agree  well  with  those  reported  by 
Gillam  ( 5 ,  70,  80,  and  95%  aqueous  methanol),  and  Claussen  ( 3 , 
82%  aqueous  ethanol),  and  Baxter  ( 1 ,  83%  aqueous  ethanol). 
The  distribution  refers  to  the  amount  of  vitamin  A  in  each  phase 
rather  than  to  its  concentration,  as  the  volume  of  the  phases 
changes  owing  to  mutual  solubility  of  the  solvents.  The  volume 
of  50  ml.  of  95%  methanol  increases  on  shaking  with  50  ml.  of  pe¬ 
troleum  ether  to  57  ml.  at  5.5°,  59  ml.  at  28.5°,  and  60  ml.  at  36°. 

The  best  separation  for  analytical  purposes  can  be  obtained 
writh  95%  (by  volume)  aqueous  methanol,  as  only  27%  of  the  al- 


50%  60%  70%  80%  90%  100% 
Concentration  of  Aliphatic  Alcohol 
Volume  %  in  Aqueous  Solution 


Figure  1.  Distribution  of  Vitamin  A  Alcohol  and  Ester 
Forms  between  Aliphatic  Alcohols  and  Petroleum  Ether 


O.  Vitamin  A  alcohol 
X  .  Vitamin  A  ester 
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Table  1. 

Adsorption  of  Vitamin  A 

(40  I.U.  per  ml.) 

Adsorbent 

Ester  Adsorbed 

Alcohol  Adsorbed 

% 

% 

From  100  ml.  of  ethylene  dichloride  on 

5  grams  of  adsorbent 

Powdered  dextrose 

0 

0 

ZnO  (activated) 

0 

0 

Magnesol 

0 

17 

CaiP*07 . 4H*0 

0 

13 

Ca(OH)» 

0 

33 

AhOs  (activated) 

0 

70 

On  chromatographic  columns,  1.1-cm.  diameter,  10.5-cm.  length 


Powdered  dextrose 

0 

0 

ZnO  (activated) 

0 

26 

CaiCPOUs 

0 

58 

AltO. 

0 

100 

Table  II.  Ester  Content  of  Oils  and  Concentrates 


Sample 

Ester 

Ester 

I.U./g ■  (approx.) 

% 

Vitamin  A  acetate 

3,500,000 

100 

Vitamin  A  palmitate 

3,300,000 

98 

Fish  liver  oil  (shark) 

115.000 

98 

Vitamin  A  distillate 

200.000 

98 

Halibut  liver  oil 

130.000 

94 

Cod  liver  oil 

2,500 

93 

Vitamin  A  alcohol 

4,000,000 

1 

Fish  liver  oil  concentrate 

1,000,000 

0 

cohol  form  and  as  much  as  98%  of  the  ester  form  remain  in  the 
petroleum  ether  phase. 

Analytical  Solvent  Separation.  Dissolve  a  sample  of  fish 
liver  oil  or  concentrate  containing  about  0.5  to  5  mg.  of  vitamin  A 
(in  the  following,  the  weight  of  vitamin  A  esters  is  expressed  as 
the  weight  of  its  contents  of  vitamin  A  alcohol)  in  50  ml.  of  pe¬ 
troleum  ether.  Shake  vigorously  with  50  ml.  of  95%  aqueous 
methanol  in  a  100-ml.  glass-stoppered  measuring  cylinder  for  1 
minute,  allow  the  phases  to  separate,  and  note  the  volumes. 
Determine  the  concentration  of  vitamin  A  in  each  phase  with  the 
antimony  trichloride  reaction  or  spectrographically  after  proper 
dilution.  Calculate  the  milligrams  of  vitamin  A  in  each  phase 
and  find  the  milligrams  of  vitamin  A  alcohol  and  ester  from  the 
following  formulas: 

a  =  1.380  X  Am  -  0.028  X  A. 

e  =  1.028  X  A.  -  0.380  X  An 

where  a  represents  mg.  of  vitamin  A  alcohol,  e  mg.  of  vitamin  A 
ester,  Am  mg.  of  vitamin  A  in  the  methanol  phase,  and  A.  mg.  of 
vitamin  A  in  the  petroleum  ether  phase. 

The  solvent  separation  cannot  be  applied  if  vitamin  A  is  pres¬ 
ent  as  the  acetate  ester,  as  only  78%  of  the  acetate  remains  in  the 
petroleum  ether  phase.  The  presence  of  1%  of  cholesterol  af¬ 
fects  the  distribution  considerably  ( 5 ).  The  presence  of  more 
than  1  %  of  the  fish  liver  oil  or  concentrate  tends  to  shift  the  dis¬ 
tribution  of  vitamin  A  alcohol  to  the  petroleum  ether  phase. 

Alumina  has  been  widely  used  for  the  adsorption  of  the  alcohol 
form  of  vitamin  A  concentrates.  During  the  preparation  of  vi¬ 
tamin  A  stearate  Mead  (7)  removed  the  unchanged  vitamin  A  al¬ 
cohol  by  percolating  a  petroleum  ether  solution  through  a  column 
of  activated  alumina.  Swain  ( 9 )  found  that  the  alcohol  form  of 
vitamin  A  is  much  more  easily  adsorbed  on  alumina  than  its  esters. 
This  chromatographic  method  was  promising  for  the  quantitative 
analytical  separation,  particularly  as  a  similar  method  for  the 
quantitative  separation  of  cholesterol  from  its  esters  has  been  re¬ 
ported  (10). 

Experiments  with  different  solvents  showed  that  quantitative 
separation  for  the  widest  range  in  concentration  could  be  ob¬ 
tained  with  ethylene  dichloride.  Solvents  of  greater  eluant 
power  allowed  some  vitamin  A  alcohol  to  pass  a  column  of  alu¬ 
mina,  whereas  petroleum  ether  and  cyclohexane  allowed  some 
vitamin  A  ester  to  remain  in  the  column.  Adsorbents  were 
tested  by  shaking  a  sample  of  5  grams  with  100  ml.  of  solutions  of 
vitamin  A  alcohol  or  palmitate  (about  1  mg.  in  100  ml.  of  ethyl¬ 
ene  dichloride).  (The  author  is  obliged  to  J.  G.  Baxter  for  a 
sample  of  pure  vitamin  A  palmitate.)  The  results  are  shown  in 


Table  I,  which  also  shows  the  adsorption  on  chromatographic 
columns,  using  the  first  5  ml.  of  filtrate  for  analysis. 

The  degree  of  activation  of  the  alumina  is  of  the  greatest  im¬ 
portance.  Alumina  which  has  been  too  highly  activated  will 
destroy  part  of  the  vitamin  A  ester  during  passage.  The  destruc¬ 
tion  can  easily  be  recognized  by  the  shape  of  the  ultraviolet  ab¬ 
sorption  curve.  It  is  not  always  evident  in  the  antimony  tri¬ 
chloride  reaction,  as  some  decomposition  products  will  still  de¬ 
velop  a  blue  color  with  the  reagent.  Columns  of  alumina  which 
were  well  suited  to  the  quantitative  separation  did  not  adsorb 
azobenzene  from  a  1  to  4  mixture  of  benzene  and  petroleum  ether. 
They  permitted  the  separation  of  4-methoxyazobenzene  and  ben- 
zene-azo-(3-naphthol  from  the  same  solvent  into  two  distinct 
bands  on  the  column.  Benzene-azo-/3-naphthol  and  aminoazo- 
benzene-azo-j3-naphthol  were  so  strongly  adsorbed  that  they 
could  not  be  separated  on  the  column.  This  indicates  a  degree  of 
activation  of  group  2  in  Brockmann’s  standardization  of  alumina 
(*)• 

Analytical  Separation  by  Chromatography.  Introduce 
activated  alumina,  Alorco  Grade  A,  <  80-mesh,  into  a  50-ml. 
stopcock  buret  and  secure  a  column  of  15  ml.  (about  15  grams)  in 
the  lower  part  with  plugs  of  Pyrex  glass  wool.  Activate  the 
column  at  from  110°  to  120°  C.  for  1.5  hours  in  a  stream  of  ni¬ 
trogen.  Draw  about  30  ml.  of  ethylene  dichloride  with  gentle 
suction  through  the  column  in  order  to  avoid  any  deleterious  ef¬ 
fect  by  the  heat  of  wetting,  allowing  the  level  of  the  liquid  to  stay 
just  above  the  column.  Add  exactly  2  ml.  of  a  solution  of  a 
sample  of  fish  liver  oil  or  concentrate  (containing  about  5  mg.  of 
vitamin  A  in  10  ml.  of  ethylene  dichloride)  and  pass  through  the 
column.  Follow  immediately  with  40  to  50  ml.  of  ethylene  di- 
chloride,  never  allowing  the  column  to  become  dry.  Transfer 
the  filtrate  to  a  100-ml.  measuring  flask  and  fill  up  to  volume. 
Assay  this  solution  and  the  original  solution  (after  diluting  1  to 
50)  with  the  antimony  trichloride  reaction.  The  concentration 
of  vitamin  A  found  in  the  filtrate  is  due  to  the  ester  form  alone. 
The  concentration  of  the  alcohol  form  is  found  by  subtraction 
from  the  total  concentration. 

With  the  above  concentrations  of  vitamin  A,  the  alcohol  form 
will  not  form  a  colored  band  on  the  column,  so  that  its  progress 
cannot  be  observed  directly.  If  the  column  is  allowed  to  stand 
for  one  day,  a  yellow-orange  band,  due  to  vitamin  A  decomposi¬ 
tion  products,  will  become  visible  about  2  to  3  cm.  below  the  top 
of  the  column.  The  ultraviolet  absorption  at  328  mp  can  be 
used  for  the  estimation  of  vitamin  A  in  the  filtrate,  but  allowance 
must  be  made  for  the  fact  that  the  absorption  of  vitamin  A  in 
ethylene  dichloride  is  about  13%  less  than  in  isopropanol. 

Crystalline  vitamin  A  alcohol  does  not  pass  the  column  under 
the  above  experimental  conditions  and  no  increase  of  the  concen¬ 
tration  in  the  filtrate  is  observed  after  the  addition  of  the  alcohol 
to  fish  liver  oils.  Crystalline  vitamin  A  palmitate  and  acetate 
pass  the  column  without  changing  concentration  and  can  be  re¬ 
covered  in  the  filtrate  after  addition  to  fish  liver  oils.  Results 
obtained  by  this  method  are  reproducible  within  2%  and  agree 
within  these  limits  with  results  obtained  by  the  solvent  extraction 
procedure.  Table  II  shows  the  ester  content  of  some  representa¬ 
tive  samples  of  oils  and  concentrates. 
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Estimation  of  Tung  Oil  as  an  Adulterant 

TZENG-JIUEQ  SUEN  and  MAO-CHIEN  WANG 
The  Tung  Li  Oil  Works,  Chungking,  China 


TUNG  oil  is  sometimes  adulterated  with  soybean,  sesame, 
peanut,  rapeseed,  stillingia,  and  other  oils,  which  are  much 
cheaper  than  tung  oil  during  normal  times.  Since  the  present 
Sino-Japanese  War,  the  situation  has  been  reversed.  As  the 
facilities  for  exporting  tung  oil  from  China  abroad  have  been 
greatly  reduced  and  almost  cut  off,  its  price  in  China  has  become 
far  lower  than  the  other  kinds  of  ordinarily  available  vegetable 
oils.  In  spite  of  the  fact  that  large  quantities  of  tung  oil  have 
been  consumed  by  the  new-born  tung  oil  cracking  industries  in 
the  manufacture  of  gasoline  and  fuel  oil  substitutes,  its  price, 
relative  to  other  oils,  still  remains  low.  As  a  consequence  it  is 
not  an  uncommon  practice  of  some  dishonest  dealers  to  use 
tung  oil  as  an  adulterant  in  other  higher-priced  edible  oils — 
e.g.,  rapeseed,  peanut,  and  sesame  oils. 

On  account  of  its  strong  purgative  and  emetic  action  tung  oil 
is  not  edible.  The  presence  of  a  small  amount  of  tung  oil  in 
other  edible  oils,  even  as  little  as  0.5%,  may  cause  severe  dis¬ 
turbances,  if  the  oils  are  taken  as  food.  On  the  other  hand, 
when  rapeseed  and  other  oils  are  used  industrially,  especially 
to  make  lubricating  oil  components  or  substitutes,  the  presence 
of  tung  oil  is  highly  objectionable  because  of  its  tendency  to 
gelatinize.  It  is  obvious  that  the  detection  and  determination 
of  adulterating  tung  oil  in  these  oils  are  of  considerable  impor¬ 
tance. 


Figure  1 .  Resins  Formed  from  Samples  of  Rapeseed 
Oil  Adulterated  with  Tung  Oil 


A  test  based  on  some  reaction  specific  only  to  tung  oil  will  be 
much  more  desirable. 

COLORIMETRIC  QUALITATIVE  TEST 

A  qualitative  test  for  tung  oil  has  been  worked  out  by  Wan 
(3,  6),  its  procedure  being  essentially  the  following: 

The  testing  reagent  is  prepared  by  dissolving  10  grams  of 
antimony  trichloride  in  100  ml.  of  chloroform,  5  to  10  ml.  of 
this  reagent  are  poured  into  a  test  tube,  and  1  drop  of  the  oil 
to  be  examined  is  placed  on  the  surface.  On  standing  for  10 
minutes  to  1  hour,  the  formation  of  a  dark  red  ring  indicates  the 
presence  of  tung  oil. 

This  test  is  very  sensitive.  Although  castor  oil  and  sesame 
oil  in  this  reagent  after  long  standing  may  also  produce  a  pinkish 
tint,  the  intensity  of  color  due  to  the  presence  of  tung  oil  is  far 
more  pronounced. 
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Figure  2.  Resins  Formed  from  Samples  of  Peanut 
Oil  Adulterated  with  Tung  Oil 


The  present  authors  attempted  to  develop  this  test  into  a 
quantitative  colorimetric  method.  Samples  of  0.1  to  0.2  gram 
of  rapeseed  oil  containing  a  few  per  cent  of  tung  oil  were  weighed 
out  in  test  tubes,  and  10-ml.  portions  of  the  antimony  trichloride 
reagent  were  added  to  each.  They  were  thoroughly  shaken  and 
let  stand  for  2  or  3  hours.  The  solutions  were  then  filtered  and 
immediately  compared  in  a  colorimeter.  It  was  found  that  the 
color  intensity  was  not  directly  proportional  to  the  concentration 
of  tung  oil  present.  Furthermore,  the  reaction  seemed  still  to 
go  on,  and  precipitates  continued  to  form  even  during  the  short 
time  of  examination  in  the  colorimeter.  This  greatly  interfered 
with  the  comparison  of  the  color.  Only  after  very  long  standing, 
say,  overnight,  did  the  filtered  solution  remain  clear.  This 
reaction  was  therefore  discarded  as  the  basis  of  a  method  for 
quantitative  determination. 


Several  analytical  methods  for  testing  the  purity  of  tung  oil 
and  determining  the  amount  of  its  adulterants  prerent  are 
available  (4,  5),  largely  based  on  the  gelatinization  of  tung  oil 
upon  heating.  When  the  percentage  of  tung  oil  in  the  mixtures 
is  small,  these  methods  cannot  be  applied.  Tung  oil  is  char¬ 
acterized  by  its  high  refractive  index  and  high  iodine  number, 
and  an  examination  of  these  values  of  the  oils  under  considera¬ 
tion  may  throw  some  light  on  the  presence  or  absence  of  tung  oil. 
However,  as  these  values  of  the  unadulterated  oils  cover  a  com¬ 
paratively  wide  range,  they  do  not  give  conclusive  evidence. 


GRAVIMETRIC  METHOD 

When  tung  oil  is  treated  with  concentrated  nitric  acid  a  solid 
jellylike  mass  is  formed  in  a  short  time  (1,  2).  Based  on  this  re¬ 
action  the  following  gravimetric  method  was  worked  out. 

A  few  milliliters  of  the  oil  sample  under  test  are  treated  with 
concentrated  nitric  acid  in  a  glass-stoppered  test  tube.  After 
being  thoroughly  shaken,  it  is  immersed  in  ice  water  for  some 
time.  Then  the  reaction  product  is  filtered  through  an  as¬ 
bestos-matted  Gooch  crucible,  washed  thrice  with  petroleum 
naphtha  (50°  to  150°  C.),  dried  at  100°  C.,  and  weighed. 
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30  60  90  120 

TIME  OF  STANDING  ,  MIN  . 


Figure  4.  Effect  of  Time  of  Standing  on  Quan¬ 
tity  of  Resin  Formed 


acid.  They  were  studied]  in 
detail  and  the  best  conditions 
sought. 

The  experimental  results 
under  various  conditions  are 
given  in  Table  II  and  Fig¬ 
ures  1  to  6.  The  nearly 
straight-line  relationship  be¬ 
tween  the  weight  of  the  resin¬ 
ous  matter  formed  and  the 
percentage  of  tung  oil  in  the 
adulterated  oils  (Figures  1  to 
3),  when  its  concentrations 
are  low,  indicates  that  this 
method  can  be  used  as  a 


'Figure  3.  Resins  Formed  from  Samples  of  Sesame 
Oil  Adulterated  with  Tung  Oil 

It  was  found  that  the  result  was  affected  by  the  following 
variables:  nature  of  the  adulterated  oil,  concentration  of  nitric 
acid,  time  of  standing,  quantity  of  sample,  and  quantity  of  nitric. 


Table  I.  Characteristics  of  Oils  Used 


Specific  gravity  (15.5°  C.) 
Solidifying  point,  °  C. 
Refractive  index  (25°  C.) 

Acid  number 
Saponification  number 
Iodine  number  (Wijs) 

Titer  test,  °  C. 

Heating  test  (A.S.T.M.), 
minutes 


Tung 

Rapeseed 

Peanut 

Sesame 

Oil 

Oil 

Oil 

Oil 

0.941 

0.914 

0.918 

0.922 

2.8 

1.5183 

i .’  4720 

1 ' 4691 

1 ' 4719 

5.7 

5.5 

5.2 

9.3 

192.5 

187.9 

196.2 

186.6 

171.8 

102.7 

98.2 

112.4 

32.2 

9.3 

15.8 

34.6 

21.2 

Table  II.  Resins  Formed  under  Different  Conditions 


Concen¬ 

Vol¬ 

Vol¬ 

Time 

tration 

Concen¬ 

ume 

ume 

of 

Expt. 

Adulter¬ 

of  Tung 

tration 

of 

of 

Stand¬ 

Resin 

No. 

ated  Oil 

Oil 

of  HNOs 

Oil 

Aeid 

ing 

Formed 

% 

% 

Ml. 

Ml. 

Min. 

G./100  ml. 

R-0 

Rapeseed 

Blank 

65.0 

2 

2 

30 

0. 15 

R-l 

Rapeseed 

1 

65.0 

2 

2 

30 

0.65 

R-2 

Rapeseed 

2 

65.0 

2 

2 

30 

1.70 

R-3a 

Rapeseed 

3 

65.0 

2 

2 

30 

2.05 

R-3b 

Rapeseed 

3 

65.0 

2 

2 

30 

2.25 

R-3e 

Rapeseed 

3 

65.0 

2 

2 

30 

2.10 

R-4 

Rapeseed 

4 

65.0 

2 

2 

30 

3.00 

R-5 

Rapeseed 

5 

65.0 

2 

2 

30 

3.60 

R-6 

Rapeseed 

6 

65.0 

2 

2 

30 

4.55 

R-7 

Rapeseed 

7 

65.0 

2 

2 

30 

5.25 

R-8 

Rapeseed 

8 

65.0 

2 

2 

30 

7.36 

R-10 

Rapeseed 

10 

65.0 

2 

2 

30 

12.75 

R-ll 

Rapeseed 

Blank 

65.0 

5 

5 

30 

0.44 

R-12 

Rapeseed 

1 

65.0 

5 

5 

30 

0.99 

R-13 

Rapeseed 

3 

65.0 

5 

5 

30 

3.20 

R-14 

Rapeseed 

4 

65.0 

5 

5 

30 

4.50 

R-15 

Rapeseed 

5 

65.0 

5 

5 

30 

7.22 

R-21 

Rapeseed 

3 

65.0 

2 

2 

60 

2.53 

R-22 

Rapeseed 

3 

65.0 

2 

2 

120 

3.05 

R-23 

Rapeseed 

5 

65.0 

2 

2 

60 

5.20 

R-24 

Rapeseed 

5 

65.0 

2 

2 

120 

5.75 

R-25 

Rapeseed 

3 

65.0 

2 

5 

30 

2.30 

R-26 

Rapeseed 

3 

65.0 

2 

10 

30 

2.35 

R-2  7 

Rapeseed 

3 

65.0 

2 

10 

60 

2.55 

R-28 

Rapeseed 

3 

65.0 

2 

10 

120 

2.75 

R-29 

Rapeseed 

8 

65.0 

1 

1 

30 

7.70 

R-30 

Rapeseed 

10 

65.0 

1 

1 

30 

12.40 

R-31 

Rapeseed 

10 

65.0 

1 

2 

30 

14.00 

R-32 

Rapeseed 

5 

70.  0 

2 

2 

30 

7.95 

R-33 

Rapeseed 

5 

60.0 

2 

2 

30 

0.20 

P-0 

Peanut 

Blank 

65.0 

2 

2 

30 

0. 16 

P-1 

Peanut 

1 

65.0 

2 

2 

30 

1  ’  io 

P-3 

Peanut 

3 

65.0 

2 

2 

30 

2.70 

P-5 

Peanut 

5 

65.0 

2 

2 

30 

4.0J. 

P-7 

Peanut 

7 

65.0 

2 

2 

30 

5.35 

P-8 

Peanut 

8 

65.0 

2 

2 

30 

7.10 

S-0 

Sesame 

Blank 

65.0 

2 

2 

30 

0. 15 

S-l 

Sesame 

1 

65.0 

2 

2 

30 

0.35 

S-3 

Sesame 

3 

65.0 

2 

2 

30 

1 . 40 

S-5 

Sesame 

5 

65.0 

2 

2 

30 

2  25 

S-7 

Sesame 

7 

65.0 

2 

2 

30 

3.40 

S-8 

Sesame 

8 

65.0 

2 

2 

30 

4.55 

60  65  70 

CONCENTRATION  OF  HN03  ,  % 


Figure  5.  Effect  of  Concentration  of  Nitric  Acid 
on  Quantity  of  Resin  Formed 


quantitative  measurement  of  the  amount  of  tung  oil  present. 

This  method  is  far  from  ideal.  The  amount  of  resin  formed 
per  unit  amount  of  tung  oil  present  varies  greatly  with  the 
experimental  conditions.  In  general,  it  increases  with  longer 
times  of  standing  (Figure  4)  and  higher  concentrations  of  nitric 
acid  (Figure  5),  and  varies  slightly  with  the  amount  of  nitric 
acid  used  (Figure  6  and  experiments  R-22,  R-28,  R-30,  and  R-31). 


i  2.8 


2.6 


o 


2.4 


<r 

o 

b-  2.2 


co 

LlI 

*2.0 
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Figure  6. 


Effect  of  Volume  of  Nitric  Acid  on 
Quantity  of  Resin  Formed 
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Among  these  factors  the  concentration  of  nitric  acid  has  a  tre¬ 
mendous  effect.  If  the  concentration  is  below  60%,  there  is 
hardly  any  resin  formed.  If  it  is  above  70%,  the  jellylike  mass  is 
so  voluminous  and  thick  that  is  difficult  to  handle.  It  was 
found  that  65%  strength  is  about  right.  In  the  actual  deter¬ 
minations  of  tung  oil  content,  the  concentration  of  nitric  acid 
should  obviously  be  accurately  adjusted. 

It  seems  that  the  resin  is  not  formed  solely  from  the  tung  oil. 
The  adulterated  oil  is  also  somehow  affected,  probably  copre¬ 
cipitated,  but  to  different  degrees  for  different  oils.  The  quan¬ 
tity  of  resin  formed  per  unit  quantity  of  tung  oil  present 
differs  appreciably  in  rapeseed,  peanut,  and  sesame  oils.  This 
shows  that  the  adulterated  oil  also  takes  part  in  the  process  of 
resinification.  With  the  same  kind  of  adulterated  oil,  the  quan¬ 
tity  of  resin  formed  becomes  higher  when  the  tung  oil  concentra¬ 
tion  or  the  total  amount  of  resin  goes  beyond  a  certain  limit. 
The  results  with  1-ml.  and  2-ml.  portions  of  oils  and  acid  are  fairly 
close  to  each  other  (experiments  R-8  and  R-10,  R-29  and  R-30). 
When  the  volume  of  the  samples  and  acid  used  is  increased  to 
5  ml.,  however,  the  quantity  of  resin  formed  becomes  noticeably 
higher. 

The  mechanism  of  the  reaction  between  tung  oil  and  nitric 
acid  has  not  been  clear.  Considering  all  the  variations  men¬ 


tioned  above,  it  appears  to  be  complicated.  For  our  present 
purpose,  however,  it  can  be  utilized  as  a  basis  for  quantitative 
estimation  of  tung  oil  as  an  adulterant.  By  weighing  the  resin 
obtained  under  controlled  conditions  and  comparing  it  with  a 
previously  prepared  curve  with  known  samples  under  identical 
conditions,  the  percentage  of  tung  oil  present  can  be  readily 
ascertained.  The  reproducibility  of  the  experimental  results 
is  reasonably  high,  as  evidenced  by  experiments  R-3a,  R-3b, 
and  R-3c.  If  the  percentage  of  tung  oil  in  the  adulterated 
oil  is  too  high,  it  may  be  first  diluted  with  clean  oil.  However, 
such  cases  would  be  rare.  The  recommended  experimental 
conditions  are  65.0%  nitric  acid,  2.0  ml.  each  of  oil  sample  and 
acid,  and  30-minute  standing  in  ice  water. 
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Determination  of  Carotene  in  Dehydrated  Alfalfa 

A  Simplified  Method 

RALPH  E.  SILKER,  W.  G.  SCHRENK,  and  H.  H.  KING 
Kansas  Agricultural  Experiment  Station,  Dehydration  Laboratory,  Manhattan,  Kans. 


A  simplified  method  has  been  developed  for  the  determination  of 
carotene  in  dehydrated  alfalfa.  The  finely  ground  alfalfa  is  allowed 
to  stand  for  1 6  to  1 8  hours  in  a  mixture  of  acetone  and  Skellysolve  B, 
the  extract  is  concentrated  on  a  steam  bath  to  remove  the  acetone, 
the  pigments  are  adsorbed  by  drawing  the  mixture  through  a  mag¬ 
nesia  column,  and  the  carotene  is  then  eluted  with  a  4%  solution  of 
acetone  in  Skellysolve  B.  Refluxing  and  phasic  separations  are 
avoided  and  many  more  samples  can  be  handled  per  day  than  by 
other  methods  in  common  use. 

IN  CONNECTION  with  a  research  project  at  this  laboratory 
which  involves  a  study  of  the  changes  occurring  in  the  caro¬ 
tene  content  of  alfalfa  during  dehydration  and  storage,  a  rapid 
as  well  as  accurate  method  for  estimating  the  carotene  content  of 
a  large  number  of  dehydrated  samples  became  desirable.  It  was 
hoped  that  a  procedure  could  be  found  which  would  not  require 
phasic  separations,  since  both  time  and  equipment  would  be 
saved.  A  method  which  required  little  heating  was  also  desired, 
in  order  to  hold  the  isomerization  of  carotene  to  a  minimum  dur¬ 
ing  the  analytical  procedure. 

A  survey  of  the  more  common  methods  of  analysis  showed  no 
one  procedure  that  completely  met  the  needs.  It  was  not  pos¬ 
sible  to  extract  all  the  carotene  by  the  method  suggested  by 
Kernohan  ( 6 )  which  involves  allowing  the  sample  to  stand  in  pe¬ 
troleum  ether.  It  was  found,  however,  that  the  carotene  could 
be  extracted  by  allowing  a  sample  of  dehydrated  alfalfa  to  stand 
in  a  mixture  of  Skellysolve  B  and  acetone.  Wall  and  Kelley 
(13)  used  these  solvents  in  the  extraction  of  dehydrated  materials 
in  a  Soxhlet.  It  has  been  found  convenient  to  weigh  out  the 
samples  in  the  afternoon  and  allow  them  to  stand  overnight. 
This  procedure  makes  it  possible  to  determine  the  carotene 
content  of  a  large  number  of  samples  per  day.  Results  are  re¬ 


producible  with  an  accuracy  equal  to  or  somewhat  better  than 
those  obtained  in  this  laboratory  by  other  methods.  Isomeriza¬ 
tion  of  the  carotene  is  minimized  and  a  saving  in  equipment  is 
effected,  since  pTiasic  separations  may  be  eliminated  and  compli¬ 
cated  extraction  apparatus  is  not  required. 

PROCEDURE 

Extraction  of  Carotene.  One  or  2  grams  of  finely  ground 
alfalfa  (preferably  through  a  40-mesh  screen)  are  weighed  into  an 
Erlenmeyer  flask  or  sample  bottle  and  covered  with  60  ml.  of  a 
mixture  of  1  part  acetone  to  2  parts  Skellysolve  B.  The  mixture 
is  shaken  and  the  tightly  stoppered  container  then  set  aside  in 
the  dark  for  16  to  18  hours,  usually  overnight.  The  extract  is 
filtered  through  a  Buchner  funnel  and  the  residue  thoroughly 
washed,  by  decantation,  with  several  small  portions  of  Skelly¬ 
solve,  followed  by  heating  on  a  steam  cone  to  drive  off  most  of 
the  remaining  acetone  and  to  concentrate  the  solution  to  a  vol¬ 
ume  of  approximately  40  ml.  (15  minutes’  heating  is  usually  suffi¬ 
cient)  . 

Separation  of  Caroten-e  from  Other  Pigments.  A  chro¬ 
matographic  separation  of  carotene  from  other  pigments  is  made 
on  a  column  of  2  parts  Hyflo  Super-Cel  and  1  part  magnesia 
(Micron  brand  No.  2641).  The  columns  are  made  as  described 
by  Wall  and  Kelley  (13)  but  are  shorter  in  length  (8  to  10  cm.). 
After  adsorption  of  the  pigments,  the  carotene  is  eluted  with  a 
4%  acetone-Skellysolve  B  mixture. 

Estimation  of  Carotene.  The  solution  of  carotene  is  made 
up  to  volume  and  analyzed  with  a  Beckman  (2)  spectrophotome¬ 
ter,  for  /3-carotene  and  neo-/3-carotene  B,  using  the  wave  lengths 
and  absorption  coefficients  suggested  by  Beadle  and  Zscheile  (1). 

DISCUSSION 

The  procedure  has  been  checked  against  two  of  the  more 
common  methods  of  analysis.  The  method  of  Peterson,  Hughes, 
and  Freeman  (10)  gave  slightly  higher  carotene  values  in  most 
cases,  but  the  thoroughness  of  the  methanol  wash  has  considerable 
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Table  1. 

Comparison  of  Three  Methoas  for  Determination  of 
Carotene  in  Dehydrated  Abalfa 

Moore  and  Ely 

Extraction  MgO 

P.H.F.  Method 

Column 

Proposed  Method 

Sample 

Total 

/3-Car  o- 

Total 

/5-Caro- 

Total 

3-Caro- 

No. 

carotene 
Mg./ 100 

tene 

carotene 
Mg./ 100 

tene 

carotene 
Mg./ 100 

tene 

9 • 

% 

0- 

% 

9 • 

% 

316“ 

38.2 

70 

38.5 

89 

37.6 

86 

38.0 

69 

38.7 

85 

38.2 

86 

:321 

17.4 

67 

16.8 

84 

16.6 

83 

16.1 

73 

16.1 

83 

16.3 

82 

325“ 

37.8 

75 

37.8 

86 

36.5 

88 

38.0 

74 

38.0 

86 

36.5 

88 

331 

13.0 

67 

13.0 

76 

13.0 

80 

12.0 

67 

12.5 

75 

12.8 

78 

341 

20.4 

67 

20.3 

83 

20.2 

84 

19.6 

66 

19.8 

85 

19.4 

89 

510 

11.4 

58 

11.1 

81 

10.9 

81 

11.2  56  11.0 

Steam-blanched  before  drying. 

84 

10.6 

86 

Table  II. 

Effect  of  Removing  Noncarotenoid  Pigments  from  Caro¬ 
tene  Extracts  Obtained  by  Phasic  Separation 

P.H.F.  Method 

Followed  by  Adsorption 

P.H.F. 

Method 

Adsorption 

Procedure 

Sample 

Total 

/3-Caro- 

Total 

/3-Caro- 

Total 

/3-Caro- 

'  No. 

carotene 

Mg./100 

tene 

carotene 

Mg./100 

tene 

carotene 
Mg./ 100 

tene 

0 • 

% 

9- 

% 

9 • 

% 

331 

13.0 

67 

11.9 

72 

12.8 

78 

382 

16.1 

57 

12.6 

72 

11.8 

76 

383 

16.8 

53 

12.4 

67 

12.6 

70 

384 

23.0 

67 

18.9 

73 

16.3 

72 

385 

9.1 

57 

7.6 

70 

8.2 

83 

influence  on  the  results  obtained  by  this  method.  The  data  in 
Table  I  were  obtained  with  a  more  rigorous  washing  procedure 


additional  isomerization  for  three  such  determinations  averaged 
6%.  Recovery  tests,  carried  out  at  the  same  time,  gave  excel¬ 
lent  results  and  agree  well  with  those  of  Wall  and  Kelley  (13). 
The  magnesia  columns  cause  very  little  loss  of  carotene. 

The  samples  must  be  placed  in  the  dark  while  standing.  As 
pointed  out  by  Pepkowitz  (9),  carotene,  in  petroleum  ether,  is 
subject  to  photochemical  destruction  in  the  presence  of  chloro¬ 
phyll  and  acetone.  No  losses  seem  to  occur  if  the  solutions  are 
protected  from  light. 

Possible  procedures  for  the  removal  of  the  acetone  after  filtra¬ 
tion  have  also  been  compared.  Most  of  this  acetone  must  be 
removed  at  this  point  in  the  procedure  in  order  to  obtain  a  good 
separation  of  pigments  on  the  column.  The  acetone  may  be 
removed  by  washing  with  water  or  by  evaporation.  Since  heat¬ 
ing  on  a  steam  cone  caused  only  a  slight  increase  in  per  cent  of 
isomerization  as  compared  with  evaporation  under  reduced 
pressure  or  washing  with  water,  this  procedure  has  been  followed 
because  of  its  convenience.  Data  obtained  by  these  three  meth¬ 
ods  for  the  removal  of  acetone  are  recorded  in  Table  III  for  com¬ 
parisons..  These  data  differ  from  the  data  recorded  in  Table  I 
because  the  analyses  were  made  after  prolonged  storage. 

The  acetone  present  in  the  final  solution  need  not  be  removed 
for  spectrophotometric  estimation  of  the  0-carotene-neo-0- 
carotene  B  system.  The  concentration  of  acetone  in  this  solution 
varies  from  2  to  4%.  This  amount  of  acetone  has  no  effect  on 
the  absorption  spectra  of  /3-carotene  in  the  range  used  for  carotene 
estimation.  The  two  curves  are  identical  in  the  range  from  380 
to  510  m/i.  The  specific  absorption  coefficients  at  the  critical 
wave  lengths,  as  obtained  by  Beadle  and  Zscheile  ( 1 )  in  hexane, 
and  the  authors’  measurements  in  hexane,  redistilled  Skellysolve 
B,  and  a  mixture  of  redistilled  Skellysolve  B  and  5%  acetone,  are 
shown  in  Table  IV.  Acetone  does  exhibit  considerable  absorp¬ 
tion  at  lower  wave  lengths  and  would  have  to  be  removed  if 


and  agree  closely  with  chromatographic  techniques.  The  appar¬ 
ently  low  percentage  of  ^-carotene  calculated  when  the  Peterson, 
Hughes,  and  Freeman  (10)  technique  of  extraction  was  used  is 
shown  in  Tables  I  and  II.  These  low  values  are  due,  largely,  to 
the  presence  of  small  amounts  of  noncarotenoid  pigments,  which 
cause  the  absorption  measurements  at  478  van  to  be  low.  It  has 
been  pointed  out  by  several  workers  (3,  7,  14-)  that  some  non¬ 
carotenoid  pigments  remain  after  phasic  separations.  Table  II 
shows  the  increase  in  per  cent  of  0-carotene  and  the  lower  caro¬ 
tene  values  following  the  removal  of  the  noncarotenoid  pigments 
on  a  magnesia  column. 

The  other  method  used  for  comparison  was  an  extraction 
procedure,  using  a  Waring  Blendor  and  a  foaming  solvent  mix¬ 
ture  of  alcohol  and  Skellysolve  B  similar  to  that  of  Moore  and  Ely 
(8).  This  was  followed  by  adsorption  and  elution  from  a  magne¬ 
sia  column  according  to  the  method  of  Wall  and  Kelley  (13). 

There  is  good  agreement  between  the  data  obtained  by  the 
proposed  method  and  the  other  two  methods,  as  shown  in  Table 
I.  Samples  316  and  325  have  a  much  higher  total  carotene  con¬ 
tent  than  any  of  the  other  samples  listed  in  Table  I.  These 
samples  were  collected  at  the  same  time  and  differ  from  No.  321 
only  in  that  they  were  blanched  with  steam  for  7  and  10  minutes, 
respectively,  before  drying.  It  has  been  pointed  out  by  the  au¬ 
thors  (12)  that  steam  blanching  stabilizes  the  carotene  in  fresh 
alfalfa,  so  that  the  usual  loss  which  accompanies  drying  is  avoided. 
The  percentage  of  0-carotene  is  somewhat  greater  in  the  blanched 
samples  than  in  the  corresponding  unblanched  sample.  Com¬ 
plete  extraction  of  carotene  could  be  effected  from  coarsely 
ground  unblanched  alfalfa,  but  a  finer  grind  was  necessary  for 
extraction  of  the  blanched  material.  Excellent  results  were  ob¬ 
tained  with  all  types  of  samples  which  had  passed  through  a  40- 
mesh  screen. 

The  new  procedure  causes  some  isomerization,  but  less  than 
methods  which  require  refluxing.  A  sample  of  0-carotene 
(S.  M.  A.  Corporation)  was  allowed  to  isomerize  slightly  and  was 
then  carried  through  the  entire  analytical  procedure.  The 


measurements  in  this  range  were  desired. 

While  isomers  of  0-carotene,  other  than  the  neo-0-carotene  of 
Beadle  and  Zscheile,  have  been  found  in  alfalfa,  the  percentage 
of  0-carotene  as  calculated  by  their  method  has  been  regarded  as 
a  measure  of  the  extent  of  change  in  the  nature  of  the  carotenoids 
present.  This  is  considered  significant  because  of  the  probable 
reduced  nutritional  value  of  the  isomeric  pigments.  Kemmerer 
and  Fraps  (4)  have  recently  reported  that  neo-0-carotene  B  has 
about  one  half  the  vitamin  A  activity  of  0-carotene.  They  have 
also  reported  (5)  another  constituent  of  the  carotenoid  fraction  of 
plant  materials  which  is  not  separated  from  0-carotene  on  a  mag¬ 
nesia  column,  but  which  can  be  separated  on  a  column  of  calcium 


Table  III.  Effect  of  Different  Procedures  for  Removal  of  Acetone 
from  Carotene  Extracts 

- - Method  of  Removal  of  Acetone - • 


Steam  Cone 

Vacuum  Evaporation 

Water  Wash 

Sample 

Total 

/3-Caro- 

Total 

/3-Caro- 

Total 

d-Caro- 

No. 

carotene 

tene 

carotene 

tene 

carotene 

tene 

Mg./100 

Mg./ 100 

Mg./ 100 

9 • 

% 

9 • 

% 

9 ■ 

% 

325 

36.7 

89 

36.4 

89 

36.4 

89 

.36.6 

87 

36.1 

90 

37.0 

89 

36.6 

89 

36.1 

90 

35.6 

89 

331 

10.4 

81 

10.8 

82 

10.3 

80 

10.4 

79 

10.7 

83 

10.2 

82 

10.7 

80 

10.8 

83 

10.3 

77 

341 

19.7 

85 

19.6 

85 

19.5 

85 

19.5 

84 

19.3 

88 

19.4 

83 

19.5 

85 

19.8 

87 

19.9 

81 

Table  IV.  Specific  Absorption  Coefficients  of  0-Carotene 


Wave  Length 


Solvent 

436 . 0  m/i 

450.0  m/x 

466 . 0  m m 

478.0  m ii 

Hexane* 

196 

258 

206 

228 

Hexane 

198 

259 

210 

231 

Redistilled  Skellysolve  B 

193 

253 

203 

224 

5%  acetone  in  Skellysolve  B 

193 

253 

205 

224 

“  Coefficients  as  given  by  Beadle  and  Zscheile  CO. 
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hydroxide.  They  have  identified  this  pigment  as  the  neo-/3- 
carotene  U  of  Polgdr  and  Zechmeister  (11).  They  report  that 
this  carotenoid  has  no  vitamin  A  activity.  It  may,  therefore, 
become  necessary  to  calculate  the  carotene  composition  on  the 
basis  of  more  than  two  components.  This  may  be  possible  by 
the  use  of  spectrophotometric  data  obtained  at  other  critical 
points  on  the  absorption  curve  of  the  extract.  It  is  hoped  that  a 
continuation  of  spectral  studies  will  furnish  data  that  will  be 
useful  in  this  connection. 
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Several  modifications  have  been  made  in  the  colorimetric  penta- 
bromoacetone  method  for  the  determination  of  citric  acid  as  proposed 
by  Pucher,  Vickery,  and  associates.  The  time  required  per  sample 


CERTAIN  strains  of  the  mold,  Aspergillus  niger,  convert  a 
large  proportion  of  carbohydrate  substrates  to  citric  acid. 
With  most  strains  of  this  organism  some  oxalic  acid  is  also  pro¬ 
duced.  In  studying  the  factors  affecting  the  production  of  citric 
acid  by  this  mold  (3),  it  was  necessary  to  have  rapid  and  reason¬ 
ably  accurate  methods  for  the  determination  of  these  two  acids  in 
the  presence  of  each  other. 

Since  both  acids  have  rather  insoluble  calcium  salts,  these  salts 
have  been  used  for  their  determinations  in  fermentation  media 
by  Doelger  and  Prescott  (2),  Wells,  Moyer,  and  May  (8),  and 
others.  Calcium  oxalate  is  much  less  soluble  than  calcium  cit¬ 
rate  in  cold,  slightly  acid  solution,  and  the  two  salts  may  be 
separated  in  this  manner.  Calcium  citrate  is  insoluble  in  hot 
neutral  solutions.  These  two  acids  are  usually  the  main  acidic 
products  of  this  fermentation,  and  for  routine  work  the  dif¬ 
ference  in  acidity  between  the  total  acid  and  that  due  to  oxalic 
acid  may  be  considered  to  be  due  to  citric  acid.  This  is  a  some¬ 
what  uncertain  procedure,  as  the  mold  produces  many  other 
acids,  and  an  independent  method  for  the  determination  of  citric 
acid  is  desirable. 

The  volumetric  method  of  Wilkinson,  Siphard,  Fulmer,  and 
Christensen  (9)  involves  preliminary  precipitation  of  the  lead  salts 
of  the  oxalic  and  citric  acids.  The  acids  are  then  regenerated 
and  titrated  with  alkali  and  ceric  sulfate.  This  method  is  not 
very  specific  for  citric  acid,  as  many  fermentation  acids  form 
rather  insoluble  lead  salts. 

A  more  specific  method  for  the  determination  of  citric  acid 
depends  upon  its  conversion  to  pentabromoacetone,  which  may 
be  estimated  gravimetrically  or  colorimetrically.  This  con¬ 
version  is  based  on  the  fact  that  when  citric  acid  is  oxidized  with 
potassium  permanganate  in  the  presence  of  bromine,  under  con¬ 
trolled  conditions,  the  acid  is  converted  quantitatively  to  penta 
bromoacetone.  Deysher  and  Holm  ( 1 )  have  discussed  the  diffi¬ 


is  reduced,  while  accuracy  has  not  been  diminished.  This  method 
has  been  applied  to  the  determination  of  citric  acid  in  fermented 
media  and  tissue  extracts  with  satisfactory  results. 


culties  in  the  gravimetric  determination  of  this  derivative  of  citric 
acid. 

• 

Pucher,  Vickery,  and  associates  (4,  5,  6)  have  estimated  the 
pentabromoacetone  colorimetrically  by  a  method  based  on  the 
yellow  color  formed  by  the  addition  of  pentabromoacetone  to  a 
sodium  sulfide  solution.  This  colorimetric  method  is  somewhat 
involved  and  requires  quantitative  extraction  of  the  pentabromo¬ 
acetone  from  the  reaction  solution.  Purinton  and  Schuck  (7) 
have  modified  the  original  method  slightly  but  still  require  quan¬ 
titative  extraction  of  the  pentabromoacetone  and  several  other 
rather  involved  procedures.  In  the  modification  described,  no 
attempt  has  been  made  to  extract  the  pentabromoacetone  quan¬ 
titatively  from  the  reaction  solution.  Instead,  advantage  is 
taken  of  the  distribution  coefficient  and  a  single  extraction  is 
made.  A  single  extraction  has  been  found  to  remove  a  constant 
amount  of  the  total  pentabromoacetone  in  any  series  of  samples 
of  uniform  volume.  This  modification  has  made  possible  the  de¬ 
velopment  of  a  more  convenient  procedure. 

EXPERIMENTAL 

Reagents.  Sulfuric  acid,  equal  volumes  of  95%  sulfuric 
acid  and  water.  1  M  potassium  bromide,  bromine  water  (satu¬ 
rated),  3%  hydrogen  peroxide,  petroleum  ether  (acid-washed 
SkeUysolve  B). 

Dioxane-water  mixture,  equal  volume  of  dioxane  and  water. 

Sodium  sulfide  solution,  4  grams  of  sodium  sulfide  nonahydrate 
per  100  cc.  of  solution. 

1.5  TV  and  0.1  A  potassium  permanganate. 

Procedube.  If  the  samples  are  known  to  contain  reducing 
material,  aliquots  preferably  containing  less  than  25  mg  of 
citric  acid  are  placed  in  2.5  X  20  cm.  (1X8  inch)  Pyrex  test 
tubes  and  2  cc.  of  the  sulfuric  acid  solution  are  added.  The  total 
volume  is  adjusted  to  about  20  cc.  and  the  samples  are  boiled 
for  a  few  minutes.  The  solutions  are  then  cooled  and  3  to  5  cc. 
of  bromine  water  are  added.  After  10  minutes,  any  precipitate 
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Table  I.  Recovery  of  Added  Citric  Acid  from  Solutions 

Citric  Solution  A“  Solution  Bi>  Solution  Cc 

Acid 


Added 

Citric 

Recovery 

Citric 

Recovery 

Citric 

Recovery 

per 

acid 

of  added 

acid 

of  added 

acid 

Sample 

found 

acid 

found 

acid 

found 

acid 

Mg. 

Mg. 

% 

Mg. 

% 

Mg. 

% 

0 

0 

0.35 

0.24 

0.37 

0.25 

Av.  0.36 

Av. 

0.24 

0.20 

0.19 

95.0 

0.57 

105.0 

0.44 

100.0 

100.0 

0.56 

100.0 

0.43 

95.0 

0.40 

0.39 

97.5 

0.75 

97.5 

0.63 

97.5 

0.41 

102.5 

0.74 

95.0 

0.65 

102.5 

0.80 

0.78 

97.5 

1.18 

102.5 

1.04 

100.0 

0.80 

100.0 

1.16 

100.0 

1.07 

103.8 

1.00 

1.01 

101.0 

1.36 

100.0 

1.25 

101.0 

1.02 

102.0 

1.37 

101.0 

1.24 

100.0 

1.20 

1.23 

102.5 

1.56 

100.0 

1.44 

100.0 

1.19 

99.2 

1.58 

101.7 

1.47 

102.5 

1.60 

1.58 

98.8 

1.95 

100.0 

1.85 

100.6 

1.59 

99.4 

1.99 

102.5 

1.88 

102.5 

1.80 

1.79 

99.4 

2.10 

96.3 

2.00 

97.8 

1.77 

98.3 

2. 17 

100.6 

2.06 

101.1 

a  Citric  acid  added  to  distilled  water. 
b  Citric  acid  added  to  fermented  synthetic  medium. 
c  Citric  acid  added  to  fermented  molasses  medium. 


that  has  formed  is  removed  by  centrifugation.  The  supernatant 
liquids  are  decanted  off,  and  adjusted  to  known  volumes.  If  the 
samples  do  not  contain  appreciable  amounts  of  reducing  ma¬ 
terial  they  may  be  adjusted  to  known  volumes  without  this  pre¬ 
liminary  bromine  treatment. 

Aliquots  of  these  solutions,  preferably  containing  0.2  to  1.8 
mg.  of  citric  acid,  are  placed  in  test  tubes  (the  18  X  150  mm.  size 
is  convenient)  and  0.3  cc.  of  the  sulfuric  acid,  0.2  cc.  of  the 
potassium  bromide,  and  1  cc.  of  the  strong  potassium  permanga¬ 
nate  solutions  are  added.  The  total  volumes  are  adjusted  to 
about  5  cc.  and  the  tubes  are  allowed  to  stand  for  5  minutes  at 
room  temperature.  At  the  end  of  this  period  they  are  chilled 
in  an  ice  bath,  and  the  excess  permanganate  is  decolorized  with 
the  hydrogen  peroxide  solution.  Care  must  be  taken  to  keep 
the  reaction  mixtures  below  5°  C.  during  this  step.  Any  excess 
peroxide  is  removed  with  the  weak  permanganate.  The  total 
volumes  are  then  adjusted  to  10  cc.  (the  test  tubes  should  have 
a  10-cc.  calibration  mark  for  this  purpose)  and  13  cc.  of  the  pe¬ 
troleum  ether  are  added.  The  tubes  are  stoppered,  shaken 
vigorously,  and  centrifuged  (to  break  any  emulsion  that  might 
be  formed). 

Colorimeter  test  tubes  are  prepared  containing  5  cc.  of  the 
water-dioxane  mixture  and  5  cc.  of  the  sodium  sulfide  solution 
and  10-cc.  portions  of  the  petroleum  ether  extract  containing  the 
pentabromoacetone  are  added.  The  colorimeter  tubes  are  then 
stoppered,  shaken  vigorously,  and  centrifuged.  The  color 
produced  should  be  a  light  yellow  and  will  be  fully  developed  in 
5  minutes.  It  is  stable  for  several  hours.  The  absorption  is 
determined  in  a  photoelectric  colorimeter  at  450  mp.  Light 
absorption  by  the  solution  has  been  found  to  be  reasonably  con¬ 
stant  from  400  to  450  m/i.  A  tube  containing  no  citric  acid, 
but  which  has  gone  through  the  same  procedure,  is  used  as  a  100% 
transmission  standard.  At  least  two  known  samples  of  citric 
acid  should  be  run  with  each  set  of  analyses.  The  color  follows 
Beer’s  law,  as  is  shown  in  Table  I,  column  3,  and  the  standards 
are  used  to  calculate  k  in  the  equation  log  T  =  he. 

K  too  large  a  sample  of  citric  acid  has  been  used,  a  second 
smaller  aliquot  of  the  petroleum  ether  extract  mav  be  taken  thus 
avoiding  another  complete  analysis.  . 

As  is  shown  in  Table  I,  the  method  gives  satisfactory  results 
when  between  0.2  and  1.8  mg.  of  citric  acid  is  present  in  the 
sample.  Larger  samples  of  citric  acid  may  be  used.  In  such 
cases  larger  volumes  of  petroleum  ether  for  extraction  of  the 
pentabromoacetone,  or  smaller  aliquots  of  the  petroleum  ether 
extract  containing  the  pentabromoacetone,  may  be  used.  How¬ 
ever,  several  known  solutions  must  always  be  determined  in 
exactly  the  same  manner  as  the  unknown  samples. 

Recoveries  of  added  citric  acid  from  two  types  of  fermentation 
media  are  also  shown  in  Table  I.  Solution  B  contained  citric 
acid,  oxalic  acid,  and  unfermented  sucrose  as  the  major  organic 
constituents.  The  solution  had  been  prepared  for  analysis  by 


removing  the  mycelium,  and  adjusting  the  fermented  liquor  to  a 
known  volume.  Various  amounts  of  citric  acid  were  added, 
as  shown  in  Table  I,  to  an  aliquot  of  this  solution  corre¬ 
sponding  to  0.02  cc.  of  the  original  fermented  liquor.  The  same 
procedure  was  repeated  with  solution  C,  a  partially  fermented 
beet  molasses  medium. 

This  method  has  also  been  applied  to  the  determination  of  citric 
acid  in  tissue  extracts.  Quantitative  recoveries  were  obtained 
when  citric  acid  was  added  to  muscle  extracts  and  human  sem¬ 
inal  fluid.  Isocitric  acid,  cis-aconitic  acid,  frans-aconitic  acid, 
and  oxalacetic  acid  do  not  interfere  with  this  method  (Table  II) 
v  hen  present  in  biological  samples.  Gluconic  acid,  which  is 
often  found  in  media  fermented  by  A.  niger,  does  not  interfere. 
Pucher  et  al.  ( 6 )  list  several  other  acids  often  found  in  fermenta¬ 
tion  media  which  are  not  converted  to  pentabromoacetone  under 
the  conditions  of  this  method  and  thus  do  not  interfere  with  the 
determination  of  the  citric  acid. 

The  following  critical  points  have  been  noticed: 

An  excess  of  hydrogen  peroxide  in  the  solution  before  the 
petroleum  ether  extraction  leads  to  low  recoveries.  The  pres¬ 
ence  of  excess  potassium  permanganate  leads  to  high  recoveries. 

The  solution  must  be  thoroughly  chilled  before  excess  per- 
manganate  is  removed;  otherwise,  recoveries  are  erratic. 

Some  stabilizing  agent  must  be  present  to  stabilize  the  colored 
reason  product  of  the  pentabromoacteone  and  the  sodium 
sulfide.  Both  50%  dioxane-water  and  50%  pyridine-water  solu¬ 
tions  have  proved  satisfactory.  • 

Interfering  materials  may  be  removed  from  the  petroleum  ether 
by  acid  washing. 

The  pentabromoacetone  should  not  be  allowed  to  remain  in  the 
petroleum  ether  for  more  than  15  minutes. 


Table  II. 


Substance  Tested 


Isocitric  acid 
czs-Aconitic  acid 
irans-Aconitic  acid 
Oxalacetic  acid 
Gluconic  acid 


Specificity  of  Method 


Maximum 

Sample 

Used 

Mg. 


Equivalent  ot 
Citric  Acid 
Found 
Mg. 


18.8 

1.74 

1.74 

6.0 

5.0 


<0.01 

<0.01 

<0.01 

<0.01 

<0.01 


DISCUSSION 

The  advantage  of  these  modifications  over  the  method  as 
originally  proposed  by  Pucher  et  al.  4)  are:  (1)  All  manipulations 
are  done  in  two  or  at  most  three  test  tubes.  (2)  The  extraction 
procedure  which  required  the  use  of  separatory  funnels  and  the 
repeated  extraction  has  been  simplified.  (3)  The  technique  does 
not  have  to  be  rigidly  standardized,  as  several  known  samples  are 
included  with  every  set  of  analyses. 
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A  method  is  presented  for  the  analysis  of  acetylsulfanilyl  chloride 
(an  intermediate  in  the  production  of  sulfonamide  drugs)  for  both 
acetylsulfanilyl  chloride  content  and  moisture.  The  former  is  ob¬ 
tained  by  reacting  the  sample  with  water  in  pyridine,  measuring  the 
unreacted  water  by  means  of  the  Karl  Fischer  reagent,  and  calculating, 
by  difference,  the  water  which  has  reacted.  This  is  corrected  for  the 
water  present  in  the  sample,  which  also  reacts.  The  water  in  the 
sample  is  determined  by  a  titration  in  methanol  with  the  Fischer 
reagent  in  the  absence  of  pyridine.  The  water  determination  has  an 
accuracy  represented  by  a  standard  deviation  of  ±0.012%  of  water. 
The  precision  of  the  acetylsulfanilyl  chloride  determination- is  repre¬ 
sented  by  a  standard  deviation  of  ±0.18%  of  acetylsulfanilyl 
chloride,  with  probably  no  systematic  error.  The  effect  upon  the 
values  of  such  impurities  as  acetone  in  the  methanol  reagent,  sulfanilic 
acid  in  the  sample,  and  other  substances  is  discussed.  The  method 
may  be  applicable  to  other  acid  chlorides. 

Jk  CETYLSULFANILYL  chloride  has  assumed  importance  as 
f  \  an  intermediate  in  the  production  of  sulfonamide  drugs, 
where  it  is  used  to  form  acetylated  sulfonamides  by  condensation 
with  various  amines: 

CH,CO .  NH .  C6H4 .  S02C1  +  NH2R  — > 

CH3C0.NH.C6H4.S02NHR  +  HC1 

In  this  connection,  it  became  desirable  to  develop  a  method  for 
determining  both  the  acetylsulfanilyl  chloride  and  the  moisture 
content  of  the  intermediate. 

The  development  of  the  Karl  Fischer  reagent  as  an  almost 
specific  reagent  for  the  determination  of  water  {2,  3,  4,  6,  11)  has 
been  a  noteworthy  achievement.  This  reagent  has  not  merely 
been  used  to  determine  the  water  content  of  substances,  but  has 
been  applied  to  the  determination  of  many  classes  of  compounds 
which  will  react  either  with  water  or  with  appropriate  reagents 
to  liberate  water.  The  amount  of  substance  can  thus  be  deter¬ 
mined  by  measuring  with  the  Fischer  reagent  the  loss  or  gain  of 
water  in  the  reaction  mixture.  In  this  way,  substances  such  as 
alcohols  (1),  organic  acids  (7),  acid  anhydrides  {12,  13),  and 
carbonyl  compounds  {8)  have  been  analyzed.  Since  sulfonyl 
chlorides,  such  as  acetylsulfanilyl  chloride,  can  react  with  water 

CH,C0.NH.C6H4.S02C1  +  H,0 — > 

CH3CO.NH.C6H4.SO3H  +  HC1 

it  seemed  reasonable  to  suppose  that  the  Fischer  reagent  could 
be  used  for  the  analysis.  It  was  found  that  the  sample  could 
be  treated  with  a  solution  of  water  in  pyridine,  the  water  content 
of  which  had  been  found  by  the  Fischer  reagent,  and  the  con¬ 
sumption  of  water  determined  by  a  titration  with  the  Fischer 
reagent.  Acetylsulfanilyl  chloride  may,  however,  contain 
varying  amounts  of  free  water,  and  so  it  is  necessary  to  correct  for 
its  presence.  When  the  sulfonyl  chloride  was  dissolved  in 
methanol,  the  water  reacted  with  the  chloride  only  to  a  slight 
extent  (for  which  a  correction  could  be  applied),  thus  permitting 
determination  of  the  water.  This  agrees  with  Schrfteter’s  ( 9 ) 
observation  that  the  chloride  can  be  precipitated  essentially  un¬ 
changed  from  ethanol  by  addition  of  water.  The  authors  have 
confirmed  this  observation,  using  methanol  instead  of  ethanol. 
The  obvious  explanation  of  the  difference  in  reactivity  of  the 
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sulfonyl  chloride  with  water  in  the  presence  or  absence  of  pyridine 
is  that  the  pyridine  acts  as  a  necessary  intermediary  by  removing 
the  hydrogen  chloride  formed  in  the  reaction. 

This  work  was  restricted  to  analysis  of  the  acetylsulfanilyl 
chloride,  because  of  specific  interest  in  that  compound,  but  it 
would  seem  a  reasonable  expectation  that  other  acid  chlorides, 
including  sulfonyl  chlorides,  could  be  analyzed  in  a  similar 
manner.  (After  this  paper  was  written,  the  authors  learned  that 
a  method  had  been  reported,  10,  for  determining  acetyl  chloride 
by  hydrolysis,  employing  the  Fischer  reagent.) 

METHOD  OF  ANALYSIS 

Reagents.  The  Karl  Fischer  reagent  is  prepared  according 
to  the  directions  of  Smith,  Bryant,  and  Mitchell  {11)  and  is 
dispensed  from  an  automatic  buret  provided  with  tubes  of 
Indicating  Grade  activated  alumina  to  protect  it  from  access  of 
moist  air.  It  is  standardized  by  weighing  2  or  3  drops  of  water 
from  a  Lunge  pipet  into  10  ml.  of  anhydrous  methanol  and 
titrating  with  the  Fischer  reagent.  (In  this  and  in  the  following 
titrations  the  end  points  were  observed  visually.)  From  the 
difference  between  the  volumes  of  reagent  consumed  in  this 
titration  and  by  the  anhydrous  methanol,  the  weight  of  water 
(grams)  equivalent  to  1  ml.  of  the  reagent,  T,  may  be  calculated. 

This  laboratory  has  found  this  method  preferable  to  standard¬ 
ization  through  a  solution  of  water  in  methanol.  There  is  less 
chance  of  error  because  of  the  possible  danger  of  changes  in  the 
water  content  of  a  standard  water  solution.  The  two  methods 
of  standardization  are  equally  precise,  being  equal  to  a  standard 
deviation  of  about  ±0.0035  mg.  of  water  per  ml.  of  reagent, 
or  about  ±0.1%  of  the  standardization  value. 

The  methanol  used  must  be  of  the  highest  quality  in  respect 
to  freedom  from  acetone,  since  the  presence  of  acetone  causes 
errors,  discussed  below. 

A  standard  solution  oT  water  in  pyridine  is  prepared,  to  con¬ 
tain  close  to  0.015  gram  of  water  per  ml.  of  solution.  This 
solution  is  dispensed  from  an  automatic  buret  protected  from 
access  of  moisture  from  the  air,  and  10-ml.  portions  with  25  ml. 
of  methanol  added  are  titrated  with  the  Fischer  reagent  in  order 
to  get  the  exact  water  content.  Let  E  =  ml.  of  Fischer  reagent 
for  10  ml.  of  the  pyridine  solution  plus  25  ml.  of  methanol. 
The  water  content  of  the  reagent  will  not  change  if  the  buret  is 
well  protected,  except  in  so  far  as  the  water  content  of  the 
methanol  changes  and  the  volume  of  the  pyridine  solution 
alters  because  of  temperature  changes.  Under  normal  condi¬ 
tions  and  except  for  work  of  the  most  extreme  accuracy,  the 
change  due  to  this  cause  may  be  neglected.  E  will  change  with 
any  deterioration  in  the  Fischer  reagent  itself,  and  must,  there¬ 
fore,  be  checked  frequently. 

Analysis  of  Sample  fob  Acetylsulfanilyl  Chloride. 
From  a  glass-stoppered  weighing  bottle,  weigh  by  difference  1 
to  2  grams  of  the  sample  into  a  dry  125-ml.  Erlenmeyer  flask, 
which  is  stoppered  at  once  with  a  two-hole  rubber  stopper. 
One  hole  is  fitted  with  a  drying  tube,  while  the  other  fits  over 
the  tip  of  the  buret.  Cool  the  flask  containing  the  sample  in  an 
ice  bath  in  order  to  prevent  excessive  heating  upon  addition  of 
the  pyridine-water  solution.  (Such  overheating  causes  con¬ 
densation  of  moisture  on  the  upper  part  of  the  flask  and  spoils 
the  analysis.)  With  the  flask  in  the  ice  bath  introduce  10  ml. 
of  the  pyridine-water  solution,  stopper  the  flask  immediately, 
and  swirl  gently  to  dissolve  the  sample  completely.  Keep  the 
flask  in  the  ice  bath  only  long  enough  to  prevent  the  temperature 
from  rising.  Set  it  aside  after  complete  solution  of  the  sample 
for  10  minutes  from  the  time  the  pyridine-water  solution  is 
added.  The  temperature  of  the  solution  at  the  end  of  this 
period  should  be  only  slightly  below  room  temperature  to  avoid 
condensation  of  moisture  in  it  when  the  flask  is  opened  to  intro¬ 
duce,  from  a  protected  automatic  buret,  25  ml.  of  the  methanol 
which  has  been  used  in  determining  E.  (The  methanol  is  added 
to  dilute  the  yellow  color  of  the  solution  in  order  to  avoid  diffi¬ 
culty  with  the  end  point.)  Allow  the  methanol  to  wash  down 
the  side  of  the  flask  and  immediately  titrate  with  the  Fischer 
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reagent  to  obtain  F,  the  number  of  milliliters  of  Fischer  reagent 
required  for  the  water  left  unconsumed  by  the  sample.  In  order 
to  ensure  the  presence  of  sufficient  water  to  hydrolyze  the  sample 
completely,  F  should  be  greater  than  the  blank  for  25  ml.  of 
methanol.  Otherwise  repeat  the  determination  with  a  smaller 
sample. 

Analysis  of  Sample  for  Water.  To  a  well-dried  125-ml. 
Erlenmeyer  flask  rapidly  add  from  a  weighing  bottle  2  to  2.5 
grams  c>f  the  sample.  Minimize  exposure  of  the  sample  to  the 
air.  Keep,  the  flask  well  stoppered  except  when  adding  reagents 
or  titrating,  and  then  substitute  for  the  solid  stopper  a  stopper 
containing  two  openings — one  provided  with  a  drying  tube,  the 
other  for  introduction  of  a  buret  tip.  From  an  automatic  buret 
protected  from  moisture,  add  25  ml.  of  absolute  methanol. 
Swirl  the  mixture  to  get  complete  solution  of  the  sample  and 
immediately  titrate  rapidly  with  the  Fischer  reagent  to  the  first 
end  point  which  persists  for  at  least  1  minute.  Call  this  volume 
K.  Obtain  a  titration  value  for  the  25  ml.  of  methanol.  Call 
this  volume  L. 

Calculations.  There  is  a  slight  consumption  of  water  by 
the  sample  during  this  procedure  which  is  proportional  to  the 
total  amount  of  water  present  (including  that  in  the  methanol) 
and  must  be  corrected  for.  The  total  number  of  grams  of  water 
in  the  titrated  solution  equals  KT .  The  correction  to  be  added 
to  the  water  content  of  the  sample,  expressed  as  grams  of  water 
equals  47.3  X  10  3KT  —  0.298  X  10“3.  (The  derivation  of  this 
correction  is  described  below.)  If  the  total  water  found  is 
greater  than  25  mg.,  the  correction  factor  is  50.6  X  10 ~3KT  — 
0.337  X  10-3. 

Let  the  %  water  in  the  sample  equal  M. 

Then  M  =  +  47'3  X  ™~>KT  ~  °'298  X  10~3  ~  LT 

weight  of  sample  in  grams  ^ 

=  T(1-0473K  -  L)  -  0,298  X  10“3 
weight  of  sample  in  grams  ^ 

The  consumption  of  water  from  the  pyridine-water  reagent 
by  the  sulfonyl  chloride  (equivalent  to  E  —  F  =  (?)  is  less  than 
the  total  amount  of  water  consumed  by  the  amount  of  water 
present  in  the  sample  itself,  which  is  also  consumed  in  the  re¬ 
action.  Let  the  percentage  of  acetylsulfanilyl  chloride,  un¬ 
corrected  for  the  water  in  the  sample,  equal  H.  Then 

H  =  _ GT  x  233,67  X  100 _ 

weight  of  sample  in  grams  x  18.016 

where  233.67  =  the  molecular  weight  of  acetylsulfanilyl  chloride 
and  18.016  =  the  molecular  weight  of  water.  Or 

H  =  _ 12.97GT _ 

weight  of  sample  (grams) 

H  must  be  corrected  for  the  water  in  the  sample  by  means  of 
the  expression: 

%  acetylsulfanilyl  chloride  =  H  +  12.97 M 

CORRECTION  FOR  WATER  CONTENT 

It  was  suspected  that  a  slight  reaction  took  place  between 
the  acetylsulfanilyl  chloride  and  the  water  contained  in  it  when 
the  sample  was  dissolved  in  alcohol  to  determine  the  water  con¬ 
tent.  The  extent  of  this  error  was  determined  by  adding  water 
and  determining  how  much  could  be  found  by  analysis. 

Acetylsulfanilyl  chloride  was  recrystallized  twice  from  chloro¬ 
form,  washed  with  petroleum  ether,  and  dried  under  vacuum 
over  sodium  hydroxide  and  paraffin.  The  water  content  (un¬ 
corrected)  of  this  sample  was  0.019%  at  the  start  of  the  series 
of  experiments  and  0.036%  at  its  conclusion.  Methanol  was 
dried  according  to  the  method  of  Lund  and  Bjerrum  (5)  by  re¬ 
fluxing  with  magnesium  and  iodine  and  then  distilling  until 
successive  cuts  gave  a  constant  titration  with  the  Fischer  re¬ 
agent.  The  methanol  which  was  used  had  a  blank  value  that 
varied  between  1.1  and  1.4  mg.  of  water  per  25  ml. 

In  order  to  conform  as  closely  as  possible  to  the  actual  con¬ 
ditions  of  the  water  determination  with  respect  to  the  time 
allowed  for  reaction  of  the  sample  with  the  water  in  the  solution, 
the  tests  were  carried  out  as  follows:  The  weighed  sample  in  a 
stoppered  flask  was  placed  near  a  weighed  Lunge  pipet  contain¬ 
ing  water  and  also  near  the  automatic  buret  containing  the 
methanol.  Twenty-five  milliliters  of  methanol  were  added  to 
the  sample,  the  mixture  was  swirled  for  a  few  seconds  to  effect 
solution,  and  some  water  was  immediately  added  from  the 
Lunge  pipet  (which  was  equipped  with  a  rubber  stopper  after 


weighing  in  order  to  minimize  absorption  of  water  from  the  air 
by  the  methanol  during  the  addition  of  water  from  the  pipet). 
The  contents  of  the  flask  were  immediately  titrated  with  the 
Fischer  reagent  and  finally  the  Lunge  pipet  was  reweighed  to 
determine  the  exact  weight  of  water  added. 

Table  I  gives  the  data  from  these  determinations.  Column  2 
is  the  sum  of  the  water  present  in  the  methanol  and  in  the  sample 
(as  determined  by  the  Fischer  titration)  and  of  the  added  water. 

The  values  in  columns  2,  3,  and  4  would  seem  to  indicate  some 
correlation  between  the  water  lost  and  the  total  water  found  or 
present.  On  the  assumption  that  this  correlation  could  be  ex¬ 
pressed  as  a  linear  function  and  that  column  3  contains  the  in¬ 
dependent  variable,  the  best  linear  equations  were  calculated 
(by  the  method  of  least  squares)  using  all  21  values  in  one  case, 
and  only  the  first  17  values  in  the  other  case.  The  latter  equa¬ 
tion  was  calculated  because  usually  the  determinations  have  in¬ 
volved  a  total  water  content  of  less  than  25  mg. 

Correction  in  grams  of  water  = 

50.6  X  10“3  X  grams  of  water  found  —  0.337  x  10“3  (1) 
Correction  in  grams  of  water  = 

47.3  X  10“ 3  X  grams  of  water  found  —  0.298  X  10“ 3  (2) 


Table  I.  Determination  of  Error  in  Analysis  for  Water 


Acetylsulfanilyl 

Total  Water 

Total  Water 

Water  Lost 
(Present  Minus 

Chloride  Added 

Present 

Found 

Found) 

Grams 

Mg. 

Mg. 

Mg. 

2.594 

3.0 

3.0 

0.0 

2.589 

3.3 

3.0 

0.3 

2.096 

3  3 

3.8 

—  0.5 

2.496 

6.1 

6.3 

—  0.2 

2.717 

7.5 

7.7 

—  0.2 

2.277 

8.3 

8.2 

0.1 

2.721 

12.5 

12.2 

0.3 

2.021 

12.7 

12.4 

0.3 

2.432 

13.3 

13.1 

0.2 

1.961 

15.2 

14.6 

0.6 

1.770 

15.6 

15.2 

0.4 

2.163 

15.9 

15.3  ' 

0.6 

1.927 

16.0 

15.4 

0.6 

2.075 

18.2 

18.0 

0.2 

2.358 

20.8 

19.9 

0.9 

2.464 

22.8 

22.1 

0.7 

1.974 

25.5 

24.7 

0.8 

1.952 

33.3 

32.4 

0.9 

2.263 

44.4 

42.3 

2.1 

2.173 

•  60.1 

57.0 

3.1 

2.098 

71.1 

68.4 

2.7 

PRECISION  AND  ACCURACY 

The  deviations  of  the  values  in  column  4  of  Table  I  from  the 
corresponding  values  calculated  from  Equations  1  and  2,  ob¬ 
tained  by  substituting  in  the  equations  the  appropriate  values 
in  column  3,  measure  the  precision  of  the  water  determination. 
This  also  measures  the  accuracy,  provided  one  neglects  the  slight 
error  due  to  the  fact  that  a  part  of  each  value  in  column  2  is  ob¬ 
tained  by  an  uncorrected  titration  of  the  water  present  in  the 
sample;  but  since  the  latter  is  low,  this  error  is  negligible. 

Using  Equation  1,  the  average  deviation  (for  all  the  21  values 
in  Table  I)  is  ±0.20  mg.  of  water  (the  maximum  deviations  be¬ 
ing  +0.57  and  —0.40  mg.)  and  the  standard  deviation  (root 
mean  square)  is  ±0.27  mg.  of  water.  This  would  be  equivalent 
to  ±3.5  mg.  of  acetylsulfanilyl  chloride  and,  for  an  average 
sample  weight  for  the  water  determination  of  2.1  grams,  it  would 
amount  to  ±0.17%  of  acetylsulfanilyl  chloride. 

Using  Equation  2,  for  17  values  (with  maximum  deviations 
of  +0.46  and  —0.38  mg.),  the  average  deviation  is  ±0.17  mg. 
of  water  and  the  standard  deviation  is  ±0.22  mg.  of  water.  The 
equivalent^  values  for  acetylsulfanilyl  chloride  would  be  ±2.9  mg. 
or  ±0.14%  of  acetylsulfanilyl  chloride. 

From  duplicate  analyses  of  17  actual  samples,  a  standard 
deviation  from  the  respective  means  of  ±0.23  mg.  of  water  was 
calculated;  or,  for  a  2-gram  sample,  ±0.012%  of  water.  From 
duplicate  analyses  for  acetylsulfanilyl  chloride  on  the  same  17 
samples,  a  standard  deviation  of  ±2.3  mg.  of  acetylsulfanilyl 
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chloride  was  calculated;  or,  for  an  average  sample  weight  of  1.3 
grams,  =*=0.18%  of  acetylsulfanilyl  chloride.  There  is  no  reason 
to  believe  that  the  analysis  has  any  systematic  error,  but  be¬ 
cause  of  the  difficulty  of  preparing  a  sample  of  known  purity  this 
cannot  be  stated  with  certainty.  Some  samples  have,  however, 
been  analyzed  which  gave  values  not  far  from  100%. 

EFFECT  OF  VARIATIONS  IN  TIME  OF  HYDROLYSIS 

The  method  calls  for  a  period  of  10  minutes  after  the  addition 
of  the  pyridine-water  solution  for  the  completion  of  the  hydrolysis. 
Actually,  the  reaction  is  much  more  rapid.  A  series  of  deter¬ 
minations  was  made  on  a  single  sample  in  order  to  test  this  point. 
In  order  to  separate  the  time  variable  from  that  which  would 
be  introduced  by  the  presence  toward  the  end  of  the  reaction  of 
variable  concentrations  of  Fischer  reagent,  the  volume  of  pyri¬ 
dine-water  solution  was  varied  according  to  the  size  of  the 
sample  (since  it  was  not  convenient  with  a  substance  like  acetyl¬ 
sulfanilyl  chloride  to  keep  the  sample  weight  constant),  so  that 
the  back-titration  with  the  Fischer  reagent  would  be  fairly  con¬ 
stant.  The  values  obtained,  all  of  which  agreed  within  the  ex¬ 
perimental  error  of  the  method,  showed  that  it  is  immaterial 
whether  the  hydrolysis  is  allowed  to  proceed  for  3  or  25  minutes. 

EFFECTS  OF  IMPURITIES  OTHER  THAN  WATER 

The  Fischer  reagent  is  specific  for  water,  with  the  exception  that 
certain  inorganic  oxides  will  also  be  titrated  (6)  and  occasionally 
a  substance  may  be  met  with,  such  as  hydroxylamine  ( 8 ),  which 
will  react  and  so  will  require  special  treatment  to  avoid  inter¬ 
ference.  In  acetylsulfanilyl  chloride,  some  possible  impurities 
may  be  acetylsulfanilic  acid,  hydrochloric  acid,  acetic  acid, 
sulfanilic  acid,  and  water.  Obviously,  neither  acetylsulfanilic 
acid  nor  hydrochloric  acid  interferes  in  the  determination  of 
acetylsulfanilyl  chloride  because  they  are  products  of  the  re¬ 
action,  and  the  reaction  has  been  shown  to  proceed  as  expected 
with  recrystallized  material.  No  additions  of  these  two  sub¬ 
stances  were  made  to  test  their  effect  upon  the  determination  of 
water,  but  no  difficulty  was  obtained  in  analyzing  for  water  in 
rather  impure  samples  which  would  contain  these  substances  if 
they  were  normal  impurities.  A  method  has  been  reported  for 
determining  acetic  acid  by  its  esterification  with  methanol  (7) 
to  liberate  water,  but  since  this  requires  a  boron  trifluoride  cata¬ 
lyst,  it  does  not  interfere  here. 

Sulfanilic  acid  does  not  introduce  any  error  into  the  water 
determination.  It  does  introduce  an  error  into  the  acetyl¬ 
sulfanilyl  chloride  determination.  Presumably,  it  reacts  with  the 
compound  as  follows: 

HOjS .  C«H4 .  NH2  +  ClOjS .  CtH4 .  NH .  COCH,  — >- 

HO,S .  C,H4 .  NH .  02S .  C,H4 .  NH .  COCH,  +  HC1 

thus  preventing  an  equivalent  quantity  of  the  chloride  from  re¬ 
acting  with  the  water. 

Table  II  gives  data  showing  the  quantities  of  the  sulfonyl 
chloride  which  have  been  consumed  by  varying  amounts  of 
added  sulfanilic  acid.  The  ratio  of  chloride  consumed  to  sul¬ 
fanilic  acid  present  averages  0.99,  with  considerable  variation  of 
the  individual  ratios  from  this  average.  The  variations  from 
the  1  to  1  ratio  are  probably  not  indicative  of  a  real  departure 
from  the  stoichiometric  proportions,  but  point  to  certain  experi¬ 
mental  difficulties.  For  example,  the  mixtures  with  small 
amounts  of  sulfanilic  acid  might  show  variations  because  of  the 
low  equivalent  net  volume  of  Fischer  reagent  for  the  sulfanilic 
acid.  In  other  cases,  the  difficulty  may  be  that  the  sulfanilic 
acid,  which  is  added  as  a  solid,  dissolves  more  slowly  than  the 
sulfonyl  chloride  in  the  water-pyridine  solution,  so  that  the 
chloride  may  react  preferably  with  the  water.  There  is  also  ad¬ 
ditional  exposure  to  atmospheric  moisture. 

The  sulfanilic  acid  present  may  be  determined  by  acidification 
and  titration  with  sodium  nitrite  solution  at  room  temperature. 


Table  II.  Effect  of  Sulfanilic  A  cid 

(4) 


(2) 

(3) 

Acetyl¬ 

(1) 

Acetyl¬ 

Acetyl¬ 

sulfanilyl 

Sulfanilic 

sulfanilyl 

sulfanilyl 

Chloride 

15) 

Acid 

Chloride 

Chloride 

Consumed 

Ratio 

Added 

Taken 

Found 

(2)  -  (3) 

(4)  to  (1) 

Millimolt 

Millimoles 

Millimoles 

Millimole 

0 . 0583 

7.006 

6  942 

0.064 

1.10 

0.1243 

5.853 

5.742 

0.111 

0.89 

0.1942 

4 . 243 

4.099 

0.144 

0.74 

0.4131 

5.079 

4.651 

0.428 

1.04 

0.6390 

5.923 

5.189 

0.734 

1.15 

0.6674 

4.380 

3.690 

0.690 

1.03 

Av.  0.99 


A  correction  for  the  sulfonyl  chloride  consumed  may  then  be 
applied.  All  the  samples  examined  by  the  authors  had  so  little 
sulfanilic  acid  that  the  possible  variations  in  the  stoichiometric 
ratio  just  mentioned  were  of  no  practical  significance. 

Another  impurity  which  may  cause  difficulty  is  acetone  in  the 
methanol  reagent. 

A  sample  of  chloride  was  analyzed  for  water,  using  in  one  set 
of  determinations  methanol  containing  0.003%  of  acetone,  and 
in  the  other  set  methanol  containing  0.34%.  The  first  set  gave 
a  value  of  0.06%  and  the  second  set  a  value  of  0.50%  of  water  in 
the  chloride.  Another  sample  was  analyzed  in  the  same  manner, 
in  one  case  using  methanol  with  only  a  trace  of  acetone  in  it  and 
in  the  other  the  same  methanol  to  which  0.35%  of  acetone  had 
been  added.  The  latter  methanol  solution  gave  a  value  of  0.79% 
water  in  the  chloride  in  comparison  with  a  value  of  0.13%  water 
obtained  using  the  pure  methanol. 

Acetone  may  interfere  with  the  Fischer  titration  for  water 
in  alcohol  because  of  ketal  formation,  which  causes  the  libera¬ 
tion  of  water.  However,  addition  of  acetone  to  methanol  in  the 
concentrations  mentioned  did  not  cause  an  increase  in  the  ap¬ 
parent  water  value  of  the  methanol.  There  would  seem  to  be 
some  specific  effect  of  the  chloride  involved,  possibly  in  catalyzing 
ketal  formation.  Since  a  blank  value  would  thus  not  correct  for 
this  effect,  the  presence  of  any  but  the  merest  trace  of  acetone 
in  the  methanol  will  lead  to  high  water  values  for  the  chloride, 
with  a  consequent  high  value  for  chloride. 
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Osmometry  of  High-Polymer  Solutions 

APPARATUS 

R.  H.  WAGNER,  Kodak  Research  Laboratories,  Rochester,  N.  y. 


A  glass  osmometer  of  simple  design  is  described  which  is  especially 
useful  for  osmotic  pressure  measurements  of  high-polymer  solutions 
that  tend  to  form  a  stable  foam.  The  assembly  and  operation  of  the 
osmometer  are  described  and  data  are  presented  to  illustrate  the 
order  of  reproducibility  obtained. 

THE  determination  of  the  osmotic  pressure  of  high-polymer 
I  solutions  is,  at  present,  the  most  feasible  method  of  measur¬ 
ing  the  colhgative  properties  of  these  systems,  since  ultracentri- 

-trictedUlPment  ^  GXpenS1Ve  and  its  use  is  accordingly  re- 

The  osmotic  pressure  of  a  solution  may  be  determined  by 

J  method’  which  involves  the  measure- 

ent  of  the  liquid  head  developed  by  the  influx  of  solvent  into 
the  solution  through  a  suitable  semipermeable  membrane  by  the 
opera  ion  of  osmotic  forces  arising  from  the  difference  in  the 
“  of  the  solvent  molecules  in  the  two  phases,  or  the 
dynamic-equilibrium  method,  in  which  the  magnitude  of  an  ex- 
ernally  applied  pressure  necessary  to  counterbalance  the  osmotic 
pressure  is  determined. 

fh(™e 18  P°ssible  to  use  either  method  or  a  combination  of 
desSib1?' .an^°S7meter-  t-he  designs  of  the  various  instruments 
UDon  whtlT  u  ieratUrC  are  sufficiently  different,  depending 
stath.  Ih  hf  h°d'1S  t0  b<3  US6d’  t0  Permit  classifying  them  as 

static-elevation  osmometers  (1,  4,  7,  8,  12,  14,  22,  23,  24)  and 
ynamic-eqiulibnum  osmometers  (2,  3,  5,  6,  11,  13,  15,  21,  25). 
w  h  t?'Ta  advantage  of  the  dynamic  method  is  the  rapidity 

SJ adt!  a  T“ent  Can  be  made-  In  0rder  to  Obtain 
this  advantage  effectively,  it  is  necessary  to  employ  a  large  mem¬ 
brane,  with  adequate  support  to  minimize  “ballooning”  effect 

milled6  eh"68  "i  relatlVe!y  CompIex  instrument,  involving  specially 
milled  channels,  metal-to-glass  seals,  needle  valves,  stopcocks^ 

entrapment  aCt°rS  I,™1^86  the  possibility  of  leaks  and  the 

tenden^v  to  f  Y  lf  the  S°lution  being  measured  has  a 

tendency  to  form  a  stable  foam. 

tiJhb::taticle:atir instrument  av°^  most  0f  these  dimcui- 

The  disad86  1  *  'tr?  SimP'icity  °f  design  and  of  operation, 
nlete  a  s^n °fthe  longer  Period  of  time  required  to  com- 
oftrig  f  !i  atl°n  Can  be  mitigated  by  proper  selection 
compact  Tnd  dlmenS!0nS  and>  SiDCe  thiS  type  °f  instrument  is 
taZnJ  and.lnexPensive>- by  operating  a  number  of  them  simul- 

polymere  ’  USmg  S°  Utl0ns  of  dlfferent  concentration  or  of  different 

In  Figure  1  is  shown  a  static-elevation  osmometer  which  has 
een  used  in  this  laboratory  for  the  osmometry  of  a  number  of 

modifie  tymerSrinua  Vanety  °f  soIvents-  Tbis  instrument  is  a 
modification  of  the  osmometer  described  by  Schulz  (24)  The 

transparency  obtained  by  the  use  of  a  heavy-trailed  gL  cel] 
and  the  use  of  a  glass-stoppered  cylinder  of  sufficient  height  to 
enclose  the  inner  assembly  completely  and  assure  a  vertical  posi- 
t  on  are  the  principal  improvements.  An  etched  scale  on  the 

::pd!ary;8  0ptl0“al  and  is  suggested  as  a  possible  means  of 
avoiding  the  use  of  a  cathetometer. 

OSMOMETER  AND  MODE  OF  ASSEMBLY 

eJheA  mtn':r„afSe,mbLy  figure  1)  consists  of  a  4-mm.  wall  glass 
l?  whl,ch  the  capillary,  B,  of  about  0.7-mm  bore  is 
fastened  through  a  7/25  ground-glass  joint.  The  metal  portions 
of  the  inner  assembly  consist  of  a  clamp  base,  C,  a  cTamp  yoke  D 

svstems^t  ifnd^hi  ^lthougb  brass  is  satisfactory  many 
^ystems,  it  is  advisable  to  use  either  18-8  stainless  steel  or  nickel 

the  latter  being  preferred. .  (Specifically,  nickel-plated  brass  and 


18  8  stainless  steel  have  been  found  unsatisfactory  when  used 
l  ith  aqueous  phosphate  or  phthalate  buffers.)  The  base  shoS 
be  perforated  as  shown,  using  a  No.  1  drill.  The  flat  membrane 

free  filter  pape?,  F  *  Q  at  E>  reSting  °n  a  SUpPort  of  ash‘ 

Before  a  new  cefi  is  put  into  service,  the  footing  of  cell  A  should 
be  inspected  for  flatness  against  a  piece  of  plate  glass  and  if 
necessary,  ground  flat  using  1600-mesh  emery  powde?  '  The  gl’ais 
],0lat  should  also  be  tested  for  possible  leaks.  This  test  is  co^ 

mediatelv  foI|°hWs:  ,Tbe  j°mt  1S  wet  with  acetone  and  seated  im¬ 
mediately  The  end  of  a  low-pressure  0.3  kg.  per  sq.  cm.  (5  pounds 

per  sq.  inch)  air  hose  is  held  at  the  place  inside  A  where  the  inner 
jomt  of  the  capillary  tube  comes  through,  forcing  the  hose  against 
he  shoulder  of  the  cell  This  will  tend  to  displace  the  hqmd  real 
and  vfll  quickly  do  so  if  the  jomt  is  even  slightly  leaky.  If  the 
joint  is  satisfactory  the  seal  will  withstand  this  pressure  for  30  to 
60  seconds  without  drying  out.  If  the  j  oint  fails  to  pass  this  test 
it  should  be  ground  with  1600-mesh  emery  powder  until  it  does’ 
It  is  important  that  the  inner  portion  of  the  joint  extend  beyond 
the  grinding  of  the  outer  portion  of  the  joint,  if  grinding  is  topro- 

mQriaHy  imPro,vf“ent-  .Tbe  cel1  and  its  capillary  should  then  be 
arked,  so  that  this  particular  pair  will  always  be  used  together 
,r  ,  e,  Process  of  assembling  the  osmometer  is  very  simple  A 

n  fnnWter<£ape7S  -Cut°ut  or  Punched  out  with  a  hardened  steel 
punch  of  sufficient  size  to  cover  the  floor  of  the  clamp  base  C 
The  base  and  the  paper  are  wetted  with  solvent  and  a  similar  disk 
of  previously  prepared  membrane  material  is  laid  on  the  paper 
care  being  taken  not  to  allow  the  membrane  to  become  dry.  A 
clean  cell  is  placed  on  the  membrane  and  the  yoke,  D,  is  put  into 
place  and  tightened.  It  will  not  be  necessary  to  tighten  the  yoke 
screw  s  excessively— a  little  more  than  finger-tight  will  sufficed 
in  1  he  interior  parts  of  the  assembly  are  rinsed  several  times  with 

sScked^X  thnd  he-n  C°mpl?tely  ffiffi.d  .witb  it.  Solution  is  then 
sucked  into  the  capillary  tube  until  it  is  about  half  full  and  the 

Jne‘7rej  !nt2  the  giass  joint  of  the  cell,  the  excess  solution 
being  allowed  to  flow  around  the  unseated  joint  and  not  through 
the  upper  end  of  the  capillary  tube.  The  final  position  of  the 
capillary  memscus  can  be  adjusted  to  any  desired  level  by  allow¬ 
ing  the  solution  to  flow  out  around  the  joint  in  the  manner  just 
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described.  (If  necessary,  the  liquid  can  be  forced  out  by  means 
of  a  little  pressure.)  After  the  desired  level  is  obtained,  the  joint 
is  firmly  seated  and  secured  with  a  suitable  fastener,  such  as  a 
light  spring  or  rubber  band,  depending  on  the  solvent.  It  is 
important  that  no  air  be  trapped  inside  the  instrument,  and  this 
can  easily  be  avoided  after  a  little  experience.  No  lubricant  is 
used  in  the  joint,  for  obvious  reasons.  Pliers  whose  jaws  are 
covered  with  sections  of  medium-walled  rubber  tubing  will  be 
found  helpful  in  seating  and  unseating  the  joint  (the  upper  hook, 
Figure  1,  must  be  sufficiently  robust). 

The  outer  surfaces  of  the  assembly  are  thoroughly  washed  with 
solvent  to  remove  all  traces  of  solute  and  then  lowered  into  the 
cylinder,  H,  containing  about  100  cc.  of  solvent.  This  operation 
will  trap  some  air  in  the  holes  of  the  base,  which  can  easily  be  re¬ 
moved  by  raising  and  lowering  the  (inner)  assembly  more  or  less 
rapidly  while  holding  the  cylinder  at  an  angle  of  45  degrees.  The 
level  of  the  external  liquid  is  adjusted  to  a  suitable  height  and  the 
cylinder  closed.  In  order  to  obtain  a  vertical  position  of  the 
capillary,  it  is  recommended  that  the  inner  assembly  be  suspended 
from  the  top  of  the  cylinder.  The  osmometer  should  then  be 
thermostated  to  within  ±0.1°  C.  of  the  desired  temperature,  until 
no  further  change  in  the  head  of  liquid  is  observed. 


Figure  2.  Equilibration  Curves  at  Various 
Polymer  Concentrations 

System,  polyvinyl  alcohol  in  dilute  salt  solutions 

Grams/  WO  ml. 
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It  will  be  found  advantageous  to  adjust  the  initial  positions  of 
the  inner  and  outer  levels  to  as  near  the  anticipated  final  head  of 
liquid  as  prior  information  regarding  the  systems  permits.  This 
procedure  reduces  the  time  required  for  equilibration  which,  in 
extreme  cases,  may  amount  to  from  8  to  24  hours,  depending  on 
the  temperature,  the  solvent,  the  initial  head,  and  the  permea¬ 
bility  of  the  membrane.  Equilibrium  may  be  approached  from 
either  above  or  below  if  the  solution  readily  wets  glass;  solutions 
composed  of  nonaqueous  solvents,  such  as  acetone,  benzene, 
alcohols,  chloroform,  etc.,  are  examples.  With  aqueous  solutions, 
however,  it  is  essential  to  approach  the  equilibrium  position  from 
above — i.e.,  the  determination  should  be  begun  with  the  inner 
meniscus  near  the  top  of  the  capillary.  This  will  assure  a  reced¬ 
ing  angle  of  contact  at  the  solution-glass-air  interface  throughout 
the  determination,  which  is  essential  in  order  to  secure  the  proper 
correction  for  capillarity  (see  below) . 

It  is  very  important  that  the  glass  parts  of  the  osmometer  be 
scrupulously  clean  in  making  determinations  involving  aqueous 
solutions.  The  following  treatment  has  been  found  adequate: 
All  glass  parts  are  immersed  in  a  hot  concentrated  nitric-sulfuric 
acid  bath  (1  to  1  by  volume)  for  several  hours  or  overnight,  rinsed 
with  distilled  water,  and  immersed  in  a  warm  20%  caustic  solu¬ 
tion  for  about  5  minutes.  They  are  then  rinsed  thoroughly  with 
distilled  water  after  a  dilute  acid  rinse;  all  contact  with  organic 
solvents  is  avoided  for  drying.  The  capillary  may  be  dried  by 
sucking  clean,  dry  air  through  it. 

CAPILLARY  CORRECTION  CONSTANT 

The  observed  height  at  equilibrium  must  be  corrected  for  the 
capillary  rise  of  the  solution.  This  capillary  correction  constant 


is  easily  determined  by  a  direct  measurement,  using  the  capillary 
(without  the  cell)  and  the  solution  used  in  the  osmotic-pressure 
determination.  The  capillary  correction  constant  obtained  by 
use  of  the  pure  solvent  may  be  employed  if  the  surface  tension  of 
the  solution  does  not  differ  from  it  by  more  than  5%  (calculated 
for  a  capillary  of  0.7-mm.  bore).  Since  this  is  usually,  if  not 
always,  the  case,  it  is  not  necessary  to  measure  this  correction  for 
each  individual  solution.  The  precautions  regarding  cleanliness 
of  glass  and  the  direction  of  approach  to  equilibrium  discussed 
above  apply  to  the  measurement  of  the  capillary  correction  con¬ 
stant.  A  receding  water-air-glass  angle  of  contact  is,  in  general, 
more  stable  and  reproducible  than  the  advancing  angle,  and  it  is 
essential,  therefore,  to  base  the  capillary  correction  on  it. 

The  relatively  unstable  water-air-glass  interface  can  be  elimi¬ 
nated  altogether  by  a  somewhat  more  complicated  procedure  using, 
in  the  capillary,  an  immiscible  liquid,  such  as  toluene  or  xylene. 
A  liquid-glass  interface  is  formed  in  the  inner  part  of  the  glass 
joint  by  first  sucking  a  small  quantity  of  organic  liquid  into  the 
joint,  followed  by  some  of  the  solution  being  measured.  A  little 
experience  will  be  necessary  to  get  the  correct  quantity  of  organic 
liquid,  so  that  the  liquid-liquid  interface  is  in  the  wide  part  of  the 
joint  and  the  liquid-air  interface  is  near  the  top  of  the  capillary. 
The  capillary  tube  and  the  cell  are  then  assembled  as  previously 
described.  The  final  head  of  liquid,  in  pressure  units  of  centi¬ 
meters  of  liquid  of  unit  density,  will  be  the  algebraic  sum  of  the 
height-density  products  of  the  two  liquid  columns. 

MEMBRANES 

Regenerated  cellulose,  which  has  not  been  dried  out,  is  proba¬ 
bly  the  most  satisfactory  material. 

Commercial  cellophane  in  this  form  can  be  obtained  from 
several  manufacturers  (Sylvania  Industrial  Corp.,  Fredericksburg, 
Va.,  and  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Wilmington,  Del.). 
The  material  should  not  be  waterproofed  and  should  have  a  wet 
thickness  (in  water)  of  about  0.1  mm.  (0.004  inch).  It  is  impor¬ 
tant  to  specify  that  the  material  be  free  of  wrinkles.  Undried 
commercial  cellophane  has  been  used  in  the  osmometry  of  such 
diverse  systems  as  polyisobutylene  in  cyclohexane  (11),  polyvinyl 
acetate  in  acetone  and  in  benzene,  polyvinyl  alcohol  in  water  and 
in  dilute  salt  solutions,  and  various  cellulose  esters  in  acetone  (26) . 

Denitrated  collodion  may  be  used,  although  it  is,  generally 
speaking,  not  so  uniform  as  cellophane.  Flory  (11)  states  that 
denitrated  collodion  membranes  are  more  permeable  than  swollen 
cellophane,  although  this  depends  largely  on  the  manner  of  prepa¬ 
ration  (9,  10). 

Membranes  are  conditioned  for  use  by  washing  thoroughly 
with  distilled  water  to  remove  all  formaldehyde  (the  stock  should 
be  stored  in  a  dilute  formaldehyde  solution  to  prevent  bacterial 
action),  and  the  water  is  then  displaced  with  acetone  if  the  mem¬ 
brane  is  to  be  used  with  organic  liquids.  The  water  should  be  dis¬ 
placed  gradually  by  washing  the  material  in  successive  aqueous 
acetone  solutions  of  increasing  acetone  concentration — e.g.,  in 
four  solutions  of  25,  50,  75,  and  100%  acetone.  This  method 
does  not  materially  alter  the  permeability  of  the  membrane  (20)t 
Pure  acetone  can  be  displaced  directly  with  any  desired  liquid. 

Occasionally,  a  membrane  behaves  erratically,  which  is  mani¬ 
fested  by  inconsistently  low  final  pressure  results  or  by  an 
irregular  equilibration  curve.  This  is  presumably  due  to  some 
structural  anomaly  in  the  material  itself.  The  possibility  of 
solute  permeation  should  not  be  overlooked,  especially  if  the 
average  molecular  weight  of  the  polymer  is  very  low.  (Flory,  11, 
measured  polymers  with  molecular  weights  as  low  as  6000,  using 
swollen  cellophane  membranes.  Measurements  of  polymers  of 
10,000  to  15,000  have  been  made  in  this  laboratory.)  This  can 
be  determined  by  a  suitable  test  of  the  external  liquid  (dialyzate) 
at  the  conclusion  of  an  osmotic-pressure  determination. 

TREATMENT  OF  DATA 

After  the  capillary  correction  constant,  hff,  has  been  sub¬ 
tracted  from  the  observed  equilibrium  height,  hoh„,  the  resultant 
height  is  the  osmotic  pressure  of  the  polymer  in  centimeters  of 
solution.  It  is  desirable  to  express  this  pressure  in  units  which 
are  independent  of  the  density,  so  that  values  obtained  for  various 
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Table  I.  Reproducibility  of  Osmotic-Preasure  Determinations 


Solute 

Solvent 

Concen¬ 

tration 

Cellulose 

Acetone 

G./lOO  cc 

1.00 

acetate 

(40.42%  acetyl) 
Cellulose 

Acetone 

1.35 

acetate-butyrate 
(13  0%  acetyl. 

37  0%  butyryl) 
Cellulose 

Acetone 

1.19 

nitrate 
fll.  95%  N) 
Cellulose 

Acetone 

1.00 

butyrate 
(55.6%  butyryl) 
Cellulose 

Acetone- 

1.00 

acetate- 

methyl 

phthalate 

cellosolve 

(19.6%  acetyl, 

(80-20  by 

30.3%  phthalyl) 

volume) 

Polyvinyl 

Acetone 

1.00 

acetate,  RH  361 

Benzene 

1.00 

Polyvinyl 

Acetone 

2.00 

acetate, 

Gelva  V-60 

Acetone 

2.50 

Polyvinyl 

Water 

1.20 

alcohol, 

RH  393 

Gelatin, 

Water 

2.00 

lime-processed 

deashed  calf, 
(B461-48D) 

Water 

2.50 

Osmotic 

Temperature  Pressure 

°  C.  ir  X  10*  atm- 

25  4. 5n 

4.7q 

25  6.9= 

70| 


25 


25 


25 


10. 14 
10. 32 


-n6 
D.  Oo 

4.90 

5  Oo 

5 . 2g 

5.2§ 


25 

25 

25 

25 

25 

40 

40 


1 . 9o 
1.86 
l-9l 

1.95 

9.07 

9.32 

14. 70 
14.8o 

7 . 89 

8. 2o 

7.7  e 
8?0 
6. 07 

5. 9g 
6  •  3q 
8.9g 

8-7o 

8.70 


systems  can  be  compared  directly.  The  pressure  in  atmospheres, 
x,  can  be  calculated  by  using  the  following  equation: 

(^o6s. 

X  =  - - -  CJ-) 

1033  v  ; 

where  d,  is  the  density  of  the  solution  in  grams  per  cubic  centi¬ 
meter,  which  should  be  known  to  about  ±0.005.  It  will  be 
sufficiently  accurate  to  use  density  values  obtained  by  interpola¬ 
tion  from  a  straight  line  drawn  between  the  known  or  measured 
density  of  the  solvent  and  the  measured  density  of  a  solution  of 
approximately  the  maximum  concentration  to  be  studied. 


Figure  3.  Dependence  of  Osmotic  Pressure  on  Polymer 
Concentration 

System,  polyvinyl  alcohol  in  dilute  salt  solution 


It  is  recommended  that  the  osmotic  pressure  be  plotted  as  a 
function  of  the  polymer  concentration,  and  the  best  average 
curve  through  these  points  and  the  origin  then  drawn.  The 
pressure  values  at  any  desired  concentration  may  then  be  read  off 
for  the  calculation  of  any  specific  function  of  pressure  and  con¬ 
centration.  This  process  yields  a  “graphical  average”,  and  is 
more  satisfactory  in  many  cases  than  calculating  the  function 
directly  from  the  data. 

Probably  the  most  accurate  manner  of  plotting  osmotic  data 
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for  general  high-polymer  studies  is  according  to  the  following 
equation,  suggested  by  Huggins  (17,  19): 


C2 


RTd,  ^r,_RT  RTdi 
ZM,dl  *  M2+  M& 


(2) 


t\  here  x  is  the  pressure  in  atmospheres,  ('2  is  the  polymer  concen¬ 
tration  in  grams  per  cubic  centimeter,  R  is  the  gas  constant  in 
cubic  centimeters  atmospheres  per  degree  per  mole,  T  is  the 
absolute  temperature,  di  and  d2  are  the  densities  of  solvent  and 
solute,  respectively,  M\  and  M2  are  the  molecular  weights  of 
solvent  and  solute,  respectively,  and  m  is  a  constant  depending 
on  the  nature  of  the  solvent  and  solute.  The  second  term  on  the 
left  in  Equation  2  is  negligible  for  many  systems,  but  may  be 
significant  in  others  (17,  18,  cf.  Figure  4).  By  plotting  the  term, 
or  terms,  on  th#  left  against  C2,  a  straight  line  should  be  obtained 
(at  least  at  the  lower  concentrations),  whose  intercept  is  inversely 
proportional  to  the  number-average  molecular  weight  of  the 
polymer  (cf.  Equation  3) : 


lim  /  x  \  lim  /  x 

c  0  \Cj  ~  c  —  0  VC2 


RTdj 

ZM\d\ 


RT 

M2 


(3) 


Figure  4.  Dependence  of  Osmotic  Pressure-Concentration  Ratio 
(with  and  without  Correction  Term)  on  Polymer  Concentration 
System,  polyvinyl  alcohol  in  dilute  salt  solution 


For  a  discussion  of  the  significance  of  the  hi  value,  which  is  re¬ 
lated  to  the  slope,  reference  is  made  to  the  original  papers  of 
Huggins  (16,  18,  19). 

REPRODUCIBILITY  OF  EXPERIMENTAL  RESULTS 

The  precision  obtained  with  aqueous  solutions  is  lower  than 
that  obtained  with  organic  liquid  systems.  This  is  shown  in 
Table  I.  Aqueous  systems  usually  show  an  uncertainty  of 
about  2  or  3  X  10  4  atmosphere  (2  or  3  mm.  of  water),  which 
amounts  to  10  or  20%  of  the  total  pressure  in  the  very  low  pres¬ 
sure  region.  The  effect  of  this  uncertainty  is  shown  graphically 
by  the  vertical  lines  in  Figures  3  and  4.  The  results  obtained 
with  a  commercial  “high-viscosity”  polyvinyl  alcohol  in  dilute 
salt  solution  (Du  Pont’s  No.  RH  630  in  a  phosphate  buffer  solu¬ 
tion  containing  1.4  X  10~3  mole  of  sodium  monohydrogen 
phosphate,  7.8  X  10“ 3  mole  of  sodium  dihydrogen  phosphate,  and 
1.3  X  10  2  mole  of  sodium  chloride  per  liter.  The  ionic  strength 
of  the  “solvent”  =  0.025  mole  per  liter)  are  collected  in  Table  II 
and  shown  in  Figure  2  (equilibration  curves),  Figure  3  (pressure- 
concentration  dependence),  and  Figure  4  (reduced  pressure- 
concentration  dependence)  (cf.  Equation  2). 

Extrapolation  of  either  plot— i.e.,  with  and  without  the  0.205 
C2  term — yields  an  intercept  from  which  may  be  calculated  a 
number-average  molecular  weight  of  70,000,  with  an  uncertainty 
of  approximately  10%.  For  similar  systems  of  higher  molecular 
weight,  this  uncertainty  increases  rapidly  and  soon  becomes  pro¬ 
hibitively  large — for  example,  at  Mt  =  225,000,  the  uncertainty 
will  amount  to  more  than  50%. 
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Table  II.  Osmotic  Pressure  of  Polyvinyl  Alcohol,  RH  630,  in 
Dilute  Salt  Solution 


Ci, 

Gm./Cc. 

0.0040 

0.0080 

0.0120 

0.0160 

0.0200 


hem,. 

Water 

1.5o 
3  •  06 
4.8o 
6.5? 
9  2  7 


X  10» 
Atm. 
1.45 
2  °6 
4.72 
6.32 
8. 97 


7 r/ Ct 

0.363 
0  -  370 
0 . 39a 
0.395 
0.44g 


0.205  X  C 

O.OO3 

O.OI3 

0.02q 

0  052 
0 . 082 


R  =  82 . 1  cc.  atm.  per  degree  per  mole, 
per  ce.  M 1  =  18.  di  =  1.62  grams  per  ce. 


Cr  2 
0.205  X  Cl 
0.36o 
0.357 
0.36= 
0.34-3 
0,367 

298°  A.  di  =  1.00  gram 


The  reproducibility  of  measurements  of  nonaqueous  polymer 
solutions  is  about  two  to  three  times  better,  and  therefore  a  con¬ 
siderably  greater  range  of  molecular  weight  determinations  can  be 
obtained  with  an  accuracy  of  10%  or  less. 
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Errors  in  the  Zeisel  Methoxyl  Values  for  Pectin  Due  to 
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Retained  ethanol  causes  the  methoxyl  content  of  pectins,  as  meas¬ 
ured  by  the  Zeisel  method,  to  be  as  much  as  20%  higher  than 
saponification  values.  This  ethanol  cannot  be  removed  by  the  usual 
drying  techniques  but  can  be  removed  by  humidification  followed  by 
drying.  Acetone  rather  than  ethanol  precipitation  results  in  good 
agreement  between  the  two  methods  of  analysis.  Retained  iso¬ 
propyl  alcohol  can  be  removed  by  drying  at  1 00°  C. 


DISCREPANCIES  between  results  obtained  by  the  Zeisel 
and  saponification  methods  of  determining  methoxyl  in 
pectin  have  been  observed  in  this  laboratory.  The  former 
method  has  yielded  results  as  much  as  20%  higher  e.g.,  a 
sample  analyzed  by  the  two  methods  showed  methoxyl  contents 
of  12.5  and  10.5%  by  the  Zeisel  and  saponification  methods,  re¬ 
spectively.  An  investigation  of  these  differences  showed  that 
the  disagreement  was  due  to  alcohol  that  could  not  be  removed 
by  ordinary  drying  procedures  but  could  be  removed  by  humidi¬ 
fication  prior  to  drying.  When  the  retained  alcohol  was  re¬ 
moved,  the  saponification  procedure  gave  results  equal  to  or 
higher  than  those  by  the  Zeisel  method,  the  extent  of  alkali  hy¬ 
drolysis  being  a  function  of  alkali  concentration,  time,  and  tem¬ 
perature. 

METHODS 

Saponification  Procedure.  The  method  was  a  modifica¬ 
tion  of  that  of  Olsen  et  al.  (7) ;  stoppered  flasks  instead  of  beakers 
were  used  in  order  to  decrease  the  error  caused  by  absorption  of 
carbon  dioxide,  and  the  Hinton  (4)  indicator,  which  is  a  mixture 


of  3  parts  of  phenol  red  to  1  part  each  of  bromothymol  blue  and 
cresol  red,  was  used  instead  of  phenolphthalein.  A  1-gram 
sample  of  pectin  was  placed  in  a  500-ml.  Erlenmeyer  flask,  a  few 
milliliters  of  alcohol  were  added  to  wet  it,  followed  by  300  ml.  01 
water,  and  the  mixture  was  allowed  to  stand  until  the  pectin 
dissolved.  After  the  solution  had  been  titrated  to  the  indicator 
end  point  with  0.1  N  sodium  hydroxide,  20  ml.  of  0.5  iv  sodium 
hydroxide  were  added,  the  flask  was  stoppered,  and  the  reaction 
mixture  allowed  to  stand  for  2  to  3  hours  at  room  temperature, 
whereupon  20  ml.  of  0.5  N  hydrochloric  acid  were  added  and  thfr 
solution  was  back-titrated  with  0.1  N  sodium  hydroxide.  I  his 

last  titer  corresponds  to  the  saponification  value. 

Zeisel  Method.  Clark’s  ( 1 )  modification  of  the  V  lebock  and 
Schwappach  method  for  the  determination  of  methoxyl  and 
ethoxyl  groups  was  used.  This  consists  in  a  volumetric  deter¬ 
mination  of  the  alkyl  iodide  formed  by  the  action  of  hydnodic 
acid  on  methoxyl  and  ethoxyl  groups.  ,  . 

Humidification  Procedures.  The  pectin  samples  in  shallow 
dishes  were  placed  in  a  humidor  comprising  a  desiccator  in  which 
water  replaced  the  drying  agent.  Toluene  was  kept  on  the  water 
to  prevent  mold  growth.  Humidification  of  the  pectin  could 
be  accomplished  by  allowing  the  samples  to  stand  in  the  hu¬ 
midor  or  by  bubbling  a  slow  stream  of  air  through  the  water. 

RESULTS 

Since  it  seemed  likely  that  the  high  Zeisel  results  were  due  to 
ethanol  as  an  impurity  in  the  pectin,  an  attempt  was  made  to 
remove  the  ethanol  by  drying  in  an  Abderhalden  dryer.  As  can 
be  seen  from  Table  I,  this  decreased  the  Zeisel  methoxyl  content 
determination  to  only  a  small  extent. 

Mease  (5)  showed  that  cotton,  wool,  silk,  and  rayon  absorb- 
alcohol  and  hold  an  appreciable  amount  of  it,  even  when  dried 
to  constant  weight  at  temperatures  considerably  above  the  boil- 
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ing  point  of  alcohol.  The  alcohol  could  be  removed  from  the 
fibers  by  rinsing  in  water  and  again  drying.  Hilbert  and  Jan¬ 
sen  (2)  later  found  that  glucosidocytosine  attaches  alcohol  with 
such  great  tenacity  that  the  alcohol  could  not  be  Quantitatively 
removed  by  drying  in  an  Abderhalden  dryer  at  135°  C.  at  a  pres¬ 
sure  of  1  mm.  or  even  10  5  mm.  of  mercury.  However,  when  the 
material  was  placed  in  an  atmosphere  of  high  humidity,  the  al- 
cohol  was  gradually  displaced  by  water,  which  was  then  easily 
removed  by  the  Abderhalden  procedure. 


This  humidification  technique  was  adopted  for  several  pectin 
samples  selected  at  random.  As  can  be  seen  from  Table  II,  the 
technique  brought  the  results  by  the  Zeisel  method  into  agree¬ 
ment  with  those  by  the  modified  Olsen  saponification  method. 
The  observation  that  the  disagreement  in  methoxyl  values  was 
less  than  those  reported  in  Tables  I  and  III  was  to  be  expected, 
since  some  atmospheric  humidification  had  undoubtedly  taken 
place  during  storage. 


Table  I.  Effect  of  Abderhalden  Drying  on  Methoxyl  Content  of 
Pectins  Having  Higher  Zeisel  than  Saponification  Methoxyl  Values 


Sample® 


1.  Citrus, 

200  grade, 
purified 

2.  Citrus, 

185  grade 

3.  Citrus 

178  grade 


OCH3  Before 
Saponifi¬ 

Drying 

Loss  in 
Weight  on 

OCH3  After  Drying^ 
Saponifi- 

cation 

Zeisel 

Drying 

cation 

Zeisel 

% 

% 

% 

% 

% 

10.5 

12.5 

5.95 

10.5 

12. 1 

10.6 

12.4 

.... 

10.4 

12.  1 

9.1 

9.8 

7.27 

9.1 

9.9 

9.1 

9.8 

9.0 

9.6 

10.1 

11.6 

2.35 

10.2 

11.2 

10.2 

11.7 

10.3 

11.2 

Sample  1  purified  according  to  method  of  Olsen  et  al.  (7)  including  drying 
?  I!fUUm  oven-  Sample  3  dissolved,  reprecipitated  with  ethanol,  and 
halden  dr5lUUm  «V6n  ?*  7,°  Cj  °<-YCjmgjt  Previous  to  analysis  and  Abder- 
driir  atd7S°  r  0famples  1 , and  2  d«ed  in  PiOs-containing  Abderhalden 
dryer  at  78  C.  at  pressure  less  than  1  mm.  of  Hg  for  8  hours.  Sample  3 
was  dried  in  dryer  at  100  C.  to  constant  weight;  total  heating  time,  8  hours 
0  Calculated  on  original  moisture  basis. 


The  error  due  to  retained  solvent  can  be  avoided  not  only  by 
use  of  the  humidification  treatment  but  also  by  the  use  of  solvents 
for  precipitation  that  are  practically  inert  in  the  Zeisel  methoxyl 
determination — e.g.,  acetone — or  solvents,  such  as  isopropanol, 
that  are  less  strongly  retained  than  is  ethanol  and  therefore  can 
be  removed  in  an  Abderhalden  dryer  (Table  III).  It  is  evident 
also  from  Table  III  that  2  days’  humidification  is  sufficient  to  re¬ 
move  retained  ethanol.  Determinations  made  after  4  and  6 
days’  humidification  agreed  with  those  made  after  2  days.  It 
is  to  be  expected  that  pectin  samples  which  have  been  allowed  to 
stand  open  in  a  room  of  high  humidity  for  some  time  will  no 
longer  contain  combined  alcohol. 


Table  II.  Effect  of  Humidification  on  Methoxyl  Content  of  Pectins 


Sample 

Without  Humidification 
Treatment 

With  Humidification 
Treatment® 

Zeisel 

Saponification 

Zeisel 

Saponification 

% 

% 

% 

% 

Apple,  300  grade 

6.4 

6.0 

6.0 

6.2 

6.5 

6.0 

6.1 

6.1 

Apple,  285  grade 

7.8 

7.6 

7.5 

7  4 

7.9 

7.5 

7.6 

7.4 

Citrus,  178  grade 

11.6 

10.1 

10.0 

10.3 

11.7 

10.2 

10.0 

10.4 

Citrus  Peetinum  NF 
VII 

9.8 

9.8 

9.7 

9.7 

9.3 

9.3 

9.5 

9.5 

Citrus,  200  grade. 

10.3 

10. 1 

9  5 

purified 

10.4 

10.1 

9 !  5 

9.6 

ripT;^!V^dlfiCatl0rl  treatjne,nt:  Pectin  samples  in  shallow  dishes  placed  in 
d^iccator  oyer  water  and  slow  stream  of  air  bubbled  through  water  for  one 
nmnth.  Toluene  kept  on  water  to  prevent  mold  growth.  Samples  then 
dried  in  a  vacuum  oven  at  70°  C.  for  24  hours.  p  en 


Table  III.  Methoxyl  Values  for  Pectin®  Precipitated  by  Acetone, 
Ethanol,  and  Isopropanol  as  Related  to  Similar  Values  after 
Humidification 


Solvent  Used  to  Precipitate 
Pectin  from  Solution* 


Acetone 

Isopropanol 

Isopropanol 

Isopropanol 

Dried  at  100°  C.  in  Abder¬ 
halden 
Ethanol 

Ethanol 

Ethanol 

Dried  at  100°  C.  in  Abder¬ 
halden 


Humidification 

Methoxyl  Content 

Treatment 

Zeisel 

Saponification 

% 

% 

None 

10.1 

10.2 

None 

10.2 

10.2 

None 

11.1 

10.2 

None 

11.0 

10.3 

2  days 

10.0 

10.5 

2  days 

10.0 

10.5 

None 

10.1® 

None 

10.1® 

None 

11.6 

ioii 

None 

11.7 

10.2 

2  days 

10.2 

10.4 

2  days 

10.1 

10.5 

None 

11.2® 

10.2® 

None 

11.2® 

10.3® 

ariea  at  it) 


au  samples,  freshly  precipitated  and  humidified, 
vacuum  oven  overnight  previous  to  analysis.  Humidification  carried  out 
by  placing  2-gram  samples  of  pectin,  contained  in  crystallizing  dishes  having 
inside  diameter  of  45  mm.,  in  large  Pyrex  desiccator  containing  1  liter  of 
water  with  a  little  toluene  added. 

*  Sample  of  citrus  pectin,  178  grade,  dissolved  in  water  to  give  concen¬ 
ts e *  l 2 3 4 5 6 7r^i°  i  '°‘  Aliquots  precipitated  with  indicated  solvents. 

Calculated  to  moisture  content  after  drying  in  vacuum  oven  at  70°  C. 


DISCUSSION 

Errors  due  to  retained  alcohol  should  be  guarded  against,  par¬ 
ticularly  in  studies  of  pectin  structure,  since  most  frequently  pectin 
and  its  derivatives  are  precipitated  from  solution  with  ethanol, 
and  ordinary  drying  technique  does  not  remove  all  the  alcohol. 
Pectinic  acids  prepared  with  pectinesterase  showed  the  same  tend¬ 
ency  to  retain  ethanol.  In  this  connection  Morell,  Baur,  and 
Link  ( 6 )  observed  that  citrus  polygalacturonide,  purified  by  ex¬ 
traction  with  70%  alcohol,  still  contained  0.4  to  0.6%  methoxyl 
by  the  Zeisel  method  after  treatment  with  alkali.  Olsen  et  al. 
(7)  obtained  results  in  agreement  with  those  of  Link. 

An  attempt  was  made  to  use  the  de-esterification  of  pectin  by 
alfalfa  pectinesterase  (pectase)  as  an  analytical  method  for 
methoxyl  determination  in  pectin.  However,  the  enzyme  method 
gave  lower  values  than  the  Zeisel  method  on  humidified  pectins. 
In  every  case  the  enzyme  hydrolyzed  the  pectins  to  a  residual 
methoxyl  content  of  0.5%.  Subsequent  saponification  ac¬ 
counted  for  most  of  the  difference.  Orange  and  tomato  pectin- 
esterases  gave  similar  results,  although  the  latter  contained  some 
pectinase.  This  extent  of  enzyme  hydrolysis  is  not  in  accord 
with  the  findings  of  Hills,  White,  and  Baker  (3),  who  reported  that 
tomato  pectinesterase  will  hydrolyze  pectin  only  to  1.8%  of 
residual  methoxyl,  without  describing  their  method  for  the  deter¬ 
mination  of  total  methoxyl  content  of  pectin. 

The  significance  of  the  residual  methoxyl  not  hydrolyzed  by 
pectinesterase  and  a  more  detailed  study  of  saponification  will  be 
reported  at  a  later  date. 
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Automatic  Distillation  Apparatus  for  Gasoline  Analysis 

LESTER  STEFFENS  and  D.  P.  HEATH 

Socony-Vacuum  Oil  Company,  Inc.,  General  Laboratories,  412  Greenpoint  Ave.,  Brooklyn  22,  N.  V. 


An  apparatus  is  described  which  makes  possible  the  automatic 
operation  ©f  an  efficient  laboratory  distillation  unit.  While  the  de¬ 
vice  was  designed  for  gasoline  analysis,  it  can  be  adapted  to  the 
control  of  other  distillations.  It  automatically  collects  the  fractions 
of  distillate  and  plots  the  distillation  curve.  It  has  been  operated  24 
hours  per  day  for  well  over  a  year  with  an  operator  present  only  8 
hours  per  day. 

1  THE  high  level  of  the  quality  requirements  specified  for 
I  aviation  gasoline  makes  it  necessary  to  determine  the  com¬ 
position  of  gasoline  stocks  in  terms  of  individual  hydrocarbons, 
in  order  to  be  able  to  produce  the  maximum  amount  of  the  de¬ 
sired  components,  and  to  eliminate  or  minimize  production  of  ma¬ 
terials  of  low  quality.  The  first  step  in  the  analytical  pro¬ 
cedure  is  separation  of  the  sample  by  distillation  into  fractions 
consisting  of  substantially  pure  hydrocarbons  where  possible,  or, 
as  a  compromise,  a  mixture  of  a  very  few  components. 

Analytical  distillation  of  gasoline  requires  a  fractionating 
column  with  a  large  number  of  theoretical  plates,  and  at  the  same 
time,  small  holdup  per  theoretical  plate.  In  addition,  as  Rose 
(2,  3,  4)  and  his  associates  have  shown,  analytical  distillations 
frequently  require  operation  at  reflux  ratios  of  over  100  to  1,  and 
use  of  a  charge  that  is  large  compared  to  the  holdup  of  the 
column  in  order  to  be  able  to  isolate  components  present  in  small 
amounts.  Under  these  conditions  the  distillation  of  a  single 
sample  may  require  several  weeks  of  continuous  operation.  For 
this  reason  an  automatic  distillate-collecting  device  was  con¬ 
structed  which  makes  possible  the  operation  of  a  laboratory  dis- 

,  filiation  unit  with  only  occasional  attention  from  the  operator. 
This  device  uses  some  of  the  principles  of  the  unit  described  by 
Bruun  and  Falconer  (1)  but  is  more  nearly  fully  automatic.  It 
was  developed  to  be  used  with  Podbielniak  Super-Cal  Model  B 
distillation  unit  with  a  column  containing  90  cm.  (3  feet)  of 
22-mm.  Heligrid  packing,  but  it  could,  of  course,  be  used  with 
any  type  of  laboratory  distillation  units. 


Figure  1.  Sketch  of  Distillate-Collecting  Device 


Figure  2.  Automatic  Distillation  Apparatus 


DESCRIPTION 

A  sketch  of  the  distillate-collecting  device  is  given  in  Figure  I, 
and  a  photograph  of  the  entire  unit  in  Figure  2.  The  photo¬ 
graph  was  taken  during  the  development  of  the  apparatus  and 
does  not  show  several  minor  improvements. 

As  shown  in  Figure  1,  the  distillate  from  the  total  condensing 
reflux  head  passes  through  a  cooler  into  a  float  chamber.  When 
the  desired  amount  of  fraction  has  been  collected  in  this  chamber, 
the  float  strikes  a  contact,  the  solenoid-operated  valve  on  the 
bottom  of  the  float  chamber  opens,  and  the  fraction  drains  into 
one  of  18  bottles  held  in  a  turntable.  The  valve  then  closes 
and  the  turntable  moves,  bringing  an  empty  bottle  under  the 
float  chamber. 

The  float  chamber  is  made  of  Pyrex  and  has  a  jacket  through 
which  cold  water  or  other  cooling  medium  can  be  circulated. 
The  float  is  also  glass  and  is  sealed  to  a  brass  guide  rod. 

The  solenoid-operated  needle  valve  on  the  float  chamber  was 
made  from  an  automotive  carburetor  needle  valve  (Figure  3), 
the  seat  of  which  was  reground  and  the  needle  spring  loaded  to 
ensure  a  tight  seal. 

The  fractions  are  collected  in  120-ml.  (4-ounce)  oil  sample  bot¬ 
tles  held  in  cages  fastened  to  a  turntable.  Springs  in  the  bot¬ 
tom  of  the  cages  press  the  bottles  firmly  against  a  cover  plate. 
An  effective  seal  between  the  bottle  tops  and  the  cover  plate  is 
obtained  by  using  petrolatum  as  a  lubricant  on  the  cover  plate. 

The  cover  plate  is  stationary  and  has  a  hole  in  it  under  the 
float  chamber  through  which  the  bottles  are  filled.  When  the 
three  bolts  holding  the  plate  are  removed,  it  can  be  slid  back 
and  the  bottles  removed  from  the  turntable. 

Next  to  each  of  the  18  bottles  and  close  to  the  edge  of  the 
turntable  is  a  pin  1.25  cm.  (0.5  inch)  high  and  0.6  cm.  (0.25  inch) 
in  diameter.  One  pin  is  always  resting  against  the  stop  attached 
to  the  turntable  solenoid  (Figure  4).  When  this  solenoid  is 
energized  the  stop  is  raised  and  one  pin  allowed  to  pass  under  it. 

The  motive  power  for  the  turntable  is  supplied  by  a  weight 
connected  to  the  turntable  by  a  cable  through  a  system  of  pulleys. 
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The  pins  extend  through  the  turntable  and  serve  as  cable  guides 
on  the  underside. 

An  ice  bath  surrounds  the  bottles  in  the  turntable.  Ice  is 
placed  in  a  screened-off  portion  in  the  center  of  the  bath,  so  that 
an  ice  jam  cannot  prevent  the  table  from  turning.  The  cover 
plate  and  turntable  have  holes  through  which  the  ice  bath  can  be 
filled. 


Figure  3.  Cross  Section  of  Solenoid-Operated  Needle  Valve 


The  only  temperature  recorder  available  was  a  potentiometer- 
type  instrument  covering  the  range  of  0°  to  400°  F.  with  an  iron 
constantan  thermocouple.  In  order  to  improve  the  accuracy 
of  the  temperature  measurement,  a  two-junction  thermopile 
was  used,  thus  doubling  the  sensitivity  of  the  instrument  for 
a  given  temperature  change.  The  internal  cold-junction  com¬ 
pensator  was  balanced  out  by  the  use  of  a  manganin  resistor. 
For  the  low  range  of  the  instrument  the  external  cold  junction 
was  placed  in  an  ice  bath,  and  for  the  high  range  in  a  steam  bath. 
In  this  manner  temperature  measurements  precise  to  ±0.6°  F. 
were  obtained.  The  measurements  must,  of  course,  be  cor¬ 
rected  to  a  standard  barometric  pressure. 


ELECTRICAL  CIRCUIT 

The  electrical  circuit  as  shown  in  Figure  5  has  three  different 
functions.  (1)  to  control  the  collection  of  fractions,  (2)  to  supply 
power  to  the  recorder  and  cause  the  time  at  which  a  fraction  is 
taken  to  be  recorded,  and  (3)  to  stop  the  distillation  when  neces¬ 
sary. 

hen  the  float  rises  far  enough  to  strike  the  adjustable  float 
■contact,  a  sensitive  6-volt  direct  current  relay  is  energized.  The 
closing  of  this  relay  causes  a  latch-in  relay  to  close,  and  starts  a 
'vacuum  tube  timer.  TV  bile  the  latch-in  relay  is  closed,  power  is 
supplied  to  the  float  chamber  needle  valve,  holding  it  open. 
After  about  1  minute  the  vacuum  tube  timer  releases  the  latch- 
in  relay  This  allows  the  needle  valve  to  close  and  energizes  the 
turntable  solenoid  just  long  enough  to  allow  an  empty  bottle  to 
move  into  position.  A  push-button  is  provided,  so  that  this  cycle 
can  be  started  manually. 

During  ,^e  Pef*°d  that  the  latch-in  relay  is  closed,  a  small 
110-volt  alternating  current  relay  is  also  closed.  The  thermo- 
couple  leads  are  connected  across  this  relay,  so  that  when  it  is 
closed  the  thermocouple  is  shortened.  This  causes  a  break  in 
the  temperature  record  that  shows  when  a  fraction  was  bottled. 

A.  circuit  is  provided  to  shut  down  the  unit  (1)  when  all  18 
receiving  bottles  have  been  filled,  (2)  when  the  vapor  tempera- 
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ture  reaches  some  predetermined  point,  or  (3)  when  the  tem¬ 
perature  goes  off  either  end  of  the  recorder  scale. 

As  an  alternative  the  unit  can  be  made  to  go  on  total  reflux. 

There  are  two  alternating  current  circuits,  one  supplying  the 
heater  load  and  the  other  supplying  the  control  load.  The  heart 
of  the  shutdown  circuit  is  a  sensitive  direct  current  relay  having 
one  side  of  the  alternating  current  control  line  across  its  con¬ 
tacts.  This  relay  is  energized  from  the  battery  booster  when  the 
reset  switch  is  closed.  There  are  four  contacts,  any  of  which 
when  closed  will  short  out  this  relay  and  thus  break  the  alter¬ 
nating  current  control  circuit.  One  contact  is  attached  to  the 
turntable,  so  that  contact  is  made  after  the  last  bottle  is  filled. 
A  contact  is  attached  to  each  end  of  the  recorder  scale  to  prevent 
the  temperature  from  going  off  the  scale.  The  fourth  contact 
is  also  in  the  recorder  and  can  be  set  to  make  contact  at  any 
desired  temperature,  thus  stopping  the  operation. 

Since  the  contacts  on  the  sensitive  direct  current  relay  are  not 
large  enough  to  carry  the  entire  alternating  current  load,  an¬ 
other  relay  is  used  to  break  the  alternating  current  heater  cir¬ 
cuit.  This  relay  is  energized  by  the  alternating  current  power 
from  the  control  circuit.  Thus,  both  safety  relays  are  opened 
when  any  of  the  four  safety  contacts  are  closed.  A  switch  is  pro¬ 
vided,  so  that  the  heater  circuit  may  be  kept  on  even  if  the 
alternating  current  control  circuit  is  off.  By  the  use  of  this 
switch  the  unit  can  be  made  either  to  go  on  total  reflux  or  to 
shut  down  entirely  when  one  of  the  four  safety  contacts  is  closed. 


ELECTRICAL 

LEADS 


^-CABLE  GUIDE 

Figure  4.  Turntable  Solenoid  Arrangement 


For  safety,  6-volt  direct  current  power  is  used  on  all  contacts. 
This  prevents  sparking  when  these  contacts  are  closed  and 
minimizes  the  danger  of  fire. 

The  alternating  current  control  circuit  includes  the  timer 
used  to  control  the  reflux  ratio,  which  in  this  unit,  is  an  elec¬ 
tronic  timer  having  independently  adjustable  open  and  closed 
periods. 

OPERATION 

The  distillation  is  run  much  the  same  as  any  other  efficient 
laboratory  distillation.  A  debutanized  sample  is  put  in  the 
distilling  flask  and  the  column  brought  to  equilibrium  at  total 
reflux.  The  control  circuit  is  turned  on  at  the  start  of  heating; 
however,  the  distillate  valve  solenoid  is  disconnected.  The  ice 
bath  is  filled  and  the  float  contact  adjusted  for  the  size  of  frac¬ 
tion  desired.  When  equilibrium  is  reached,  the  collection  of 
distillate  is  started  by  plugging  in  the  distillate  valve  solenoid. 
This  starting  time  is  recorded  by  holding  the  thermocouple 
shorting  relay  closed  for  a  few  seconds. 

Any  pentane  in  the  sample  is  distilled  over  while  the  operator 
is  present,  so  that  he  may  remove  the  fractions  from  the  ice  bath 
immediately.  The  pentane  can  be  taken  over  rapidly,  usually 
in  5  to  6  hours. 

After  the  pentane  has  been  distilled  over,  the  heat  input  is 
adjusted  to  the  desired  boilup  rate  and  the  timer  set  for  the  de¬ 
sired  reflux  ratio.  From  this  point  until  the  end  of  the  dis¬ 
tillation  the  operator  gives  little  attention  to  the  unit.  Every 
morning  and  evening  he  removes  fractions  from  the  turntable, 
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winds  up  the  weight,  and  checks  the  heat  input  to  the  column 
and  the  flask.  Since  less  than  10%  of  the  charge  is  normally 
taken  overhead  per  day  the  heat  inputs  need  only  occasional 
adjustment.  A  variation  of  5%  in  a  reflux  ratio  of  100  to  1  has 
no  appreciable  effect  on  the  efficiency  of  separation  obtained. 
If,  however,  the  unit  were  operated  more  rapidly  or  wide  boiling 
range  samples  distilled,  automatic  control  of  the  boilup  rate  would 
be  necessary. 

When  the  temperature  approaches  the  end  of  the  lower  range 
of  the  recorder,  the  operator  shifts  the  cold  junction  from  the 
!  ice  bath  to  the  steam  bath.  Since  there  is  a  25  °  F.  overlap  be¬ 
tween  the  upper  and  lower  scales,  this  change  can  usually  be  made 
sometime  during  the  day.  If  the  operator  is  not  present,  the 
unit  shuts  down  when  the  end  of  the  temperature  scale  is  reached. 

The  size  of  fraction  taken  in  this  apparatus  can  be  varied  from 
0.6  to  3%  of  the  charge.  Thus,  small  enough  fractions  can  be 
taken  to  avoid  overlapping  of  components  and  it  is  not  necessary 
I  to  be  able  to  take  cuts  at  given  temperatures.  If  a  number  of 
cuts  are  obtained  on  a  plateau,  they  can  be  blended  to  simplify 
the  subsequent  inspection  work. 

At  the  end  of  a  run  the  recorder  chart  is  removed  and  the 
|  distillation  curve  plotted.  A  section  of  a  recorder  chart  showing 
the  interruption  in  the  distillation  curve  obtained  when  a  frac- 
'  tion  is  bottled  is  shown  in  Figure  6.  Since  the  chart  speed  of 
the  recorder  is  fixed  at  5  cm.  (2  inches)  per  hour,  the  rate  at  which 
each  fraction  was  distilled  can  be  calculated  from  the  size  of  cut 
and  the  length  of  chart  covered  by  one  fraction. 

The  fraction-collecting  device  described  has  been  in  use  for 
|  over  a  year,  during  which  it  has  been  found  extremely  reliable. 
The  presence  of  an  operator  is  required  for  an  8-hour  period  at  the 
start  of  a  run,  but  thereafter  for  only  an  hour  each  morning  and 
evening.  Duplicate  distillations  check  within  the  accuracy  of  the 
temperature  recorder. 


FRACTION  NO.  2 


FRACTION  NO.  I 


Figure  6.  Section  of  Recorder  Chart 
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Laboratory  Spray  Extraction  Column 

MILTON  T.  BUSH  and  ANDRES  GOTH1 
Vanderbilt  University  School  of  Medicine,  Nashville,  Tenn. 


HE  laboratory  extraction  of  many  fluids  of  biological  origin 
involves  problems  of  emulsification  and/or  decomposition 
which  the  conventional  apparatus  cannot  satisfactorily  solve. 
When  it  is  desired  to  extract  the  antibiotic  principles  from  cer¬ 
tain  mold  culture  fluids,  such  as  those  of  Penicillium  notatum  and 
Aspergillus  flavus,  this  emulsification  is  a  factor,  but  much  more 
serious  is  the  great  lability  of  the  penicillin  and  flavicin.  To  get 
good  yields  it  is  imperative  to  transfer  these  substances  from  the 
acidified  culture  fluids  to  the  organic  solvent  in  the  least  possible 
time  and  preferably  at  low  temperatures. 

In  their  early  paper  on  penicillin  Abraham  etal.  ( 1 )  mentioned 
the  use  of  a  spray  column,  but  did  not  describe  it.  Shortly  after 
that  time  the  authors  undertook  to  study  penicillin,  and  were 
forced  to  develop  this  type  of  extraction  apparatus,  which  is 
ideally  suited  to  this  problem. 

In  Figure  1  is  illustrated  the  present  arrangement,  which  was 
evolved  from  smaller  columns.  Of  the  factors  not  shown  the 
following  combination  has  been  found  satisfactory  for  extraction 
of  penicillin  or  flavicin  from  culture  fluid  or  from  urine:  pressure 
on  the  aqueous  solution  entering  the  jet  head,  60  to  80  cm.  of  this 
solution;  size  of  holes  in  jet  head,  0.25  mm.;  number  of  holes  in 
jet  head,  about  40;  rate  of  flow  of  organic  solvent  (isopropyl  ace¬ 
tate),  about  half  that  of  the  aqueous  solution.  The  throughput 
of  the  latter  under  these  conditions  is  about  10  liters  per  hour  if 
the  jet  holes  are  kept  open. 

The  size  of  the  jet  holes  is  important.  To  obtain  a  maximum 
surface  of  the  dispersed  phase  these  holes  should  be  as  small  as 
give  satisfactory  mechanical  operation.  Holes  of  0.20-mm. 
diameter  generally  give  a  spray  so  fine  that  emulsification  tends 
to  be  excessive,  perhaps  more  important,  they  become  plugged 
frequently  by  fine  precipitates  which  are  often  present  in  the 
urine  or  culture  fluid  (they  may  be  formed  after  filtration). 
With  0.25-mm.  holes,  on  the  other  hand,  emulsification  is  gen¬ 
erally  unimportant  (even  with  culture  fluid  containing  corn  steep 
water)  and  the  sediment  usually  passes  through  the  holes  readily. 
When  the  holes  do  become  plugged  they  can  usually  be  opened 
by  a  momentary  increase  of  pressure. 

The  jet  holes  were  made  by  a  modification  of  the  copper  wire 
method  of  Branham  and  Sperling  (S).  In  the  flattened  end  of  a 
Pyrex  tube  some  40  holes  of  about  0.4-mm.  diameter  were 
punched  with  a  sharpened  heated  tungsten  wire.  These  holes 
were  arranged  in  the  pattern  of  two  concentric  circles,  the  outer 
of  25  holes,  the  inner  of  15  holes.  Through  each  hole  was  placed 
a  short  piece  of  B.  &  S.  No.  30  gage  copper  wire,  bent  at  a  right 
angle  to  hold  it  in  place,  and  all  the  wires  were  fused  into  the 
glass  by  careful  heating  in  an  air-gas  flame.  After  cooling  the 
copper  was  dissolved  out  with  nitric  acid. 

Most  cultures  of  Penicillium  notatum  and  most  urines  emulsify 
to  some  extent  with  the  common  organic  solvents.  Interference 
of  emulsification  with  the  proper  functioning  of  the  column  can 
usually  be  reduced  or  eliminated  by  (1)  removing  the  emulsion 
which  accumulates  below  the  solvent-inflow  tube  (the  emulsion 
is  withdrawn  through  the  drain  without  interrupting  the  opera¬ 
tion  of  the  column  by  clamping  the  aqueous-overflow  tube  until 
the  interface  regains  its  proper  position)  or  (2)  choosing  a  satis¬ 
factory  organic  solvent.  In  the  authors’  experience  isopropyl 
acetate  is  the  solvent  of  choice.  If  the  commercial  product  (95% 
pure)  is  washed  with  water,  treated  with  anhydrous  calcium 
chloride,  and  redistilled,  the  solvent  gives  a  minimum  of  emulsi¬ 
fication.  Similar  treatment  of  commercial  n-butyl  acetate  (90%) 
gives  a  slightly  less  satisfactory  solvent.  Similar  purification  of 
various  grades  of  amyl  acetate  gave  a  solvent  which  was  distinctly 
less  satisfactory  than  commercial  w-butyl  acetate. 

Modifications  of  the  spraying  technique  in  which  acetate  was 
sprayed  upward  or  ethylene  dichloride  was  sprayed  downward 

1  Present  address,  Southwes  wrn  Medical  College.  Dallas.  Texas. 


through  the  aqueous  solution  gave  emulsions  which  made  opera¬ 
tion  impossible. 

The  solvent  is  chosen  not  only  on  the  basis  of  these  mechanical 
factors,  but  also  according  to  the  distribution  of  the  desired  solute. 
In  the  case  of  crude  penicillin,  for  example,  the  distribution  ratio 
between  isopropyl  acetate  and  water  at  pH  3  is  about  15,  whereas 
with  isopropyl  ether  the  ratio  is  much  lower.  If  the  distribution 
of  the  desired  solute  were  not  so  highly  in  favor  of  the  organic 
solvent,  the  column  would  have  to  be  lengthened  in  order  to  get 
good  yields  with  one  pass.  If  the  solute  were  sufficiently  stable 
the  aqueous  overflow  could  be  recirculated.  However,  it  is  pos¬ 
sible  to  get  some  80  to  85%  of  penicillin  from  culture  fluid  or 
urine  into  isopropyl  acetate  in  one  pass  through  the  1-meter 
column. 


Figure  1.  Spray  Extraction  Column 


A  batch  of  culture  fluid  or  of  urine  containing  penicillm  or 
flavicin  can  be  extracted  as  follows: 

The  fluid  is  poured  through  a  fine  “glass  cotton”  filter  to  re¬ 
move  coarse  particles,  then  cooled  to  about  5°  C.  The  column 
is  filled  with  water  and  cold  purified  isopropyl  acetate  and  the 
aqueous  overflow  tube  adjusted  so  that  the  interface  is  just  below 
t  he  solvent-inflow  tube.  The  culture  is  acidified  in  400-cc.  batches 
with  phosphoric  or  hydrochloric  acid  to  pH  3.0  ±  0.2,  poured  into  a 
funnel  some  60  to  80  cm.  above  the  jet  head,  and  allowed  to  spray 
into  the  acetate.  Approximately  2  minutes  are  required  for 
most  of  the  400  cc.  to  flow  through.  By  acidifying  and  pouring 
in  successive  batches  at  intervals  just  often  enough  to  maintain 
operation,  decomposition  of  the  penicillin  is  minimized.  Fresh 
acetate  is  run  countercurrentwise  through  the  column  at  a  rate 
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of  about  0.5  liter  per  liter  of  culture  fluid.  The  acetate  solution 
overflow  is  kept  cold  and  is  shaken  out  in  batches  with  aqueous 
sodium  bicarbonate.  For  5  liters  of  acetate,  three  50-cc.  portions 
of  about  0.3  N  sodium  bicarbonate  are  needed.  The  pH  of  each 
should  be  7-8.  These  three  bicarbonates  are  pooled  and  kept  on 
dry  ice  pending  purification.  The  amount  of  activity  in  this 
“crude  extract”  depends  to  a  large  extent  upon  the  nature  of  the 
original  fluid  and  of  the  active  solute.  From  shallow  cultures  of 
Penicillium  notatum  containing  30  Oxford  units  per  cc.  or  from 
urine  having  this  activity  or  higher  the  yield  is  80  to  85%. 
From  shallow  cultures  of  a  strain  of  Aspergillus  flavus  containing 
only  1  to  2  Oxford  units  per  cc.  the  yield  is  only  about  50%.  This 
high  loss  is  principally  due  to  decomposition  in  the  acidified 
aqueous  solution. 

The  mechanical  mixing  of  the  culture  fluid  and  acid  in  the 
proper  proportions  has  been  considered,  and  it  appears  that  suit¬ 
able  equipment  is  available  for  the  purpose  (from  Wilson 
Pulsafeeders,  Inc.,  205  Clinton  St.,  Buffalo  5,  N.  Y.).  Much 
smaller  amounts  of  culture  could  thus  be  acidified  at  more  frequent 
intervals,  reducing  losses  by  decomposition.  A  Pulsafeeder 
could  also  be  made  to  pump  the  fresh  acetate,  and  possibly  also 
to  pump  the  acetate  solution  upward  continuously  through  a 
bicarbonate  column,  or  perhaps  better  spray  the  bicarbonate 
downward  through  the  acetate  flowing  upwards  in  a.  column. 


Possibly  on  a  larger  scale  these  continuous  operations  could  be 
carried  out  more  efficiently  than  is  feasible  on  a  small  laboratory 

scale. 

SUMMARY 

A  laboratory  spray  extraction  column  is  particularly  useful  for 
extracting  aqueous  fluids  of  biological  origin  with  solvents  lighter 
than  water.  Advantages  over  the  more  common  laboratory 
extraction  apparatus  are  that  emulsification  interference  can 
usually  be  entirely  circumvented,  and  transfer  of  solute  to  the 
organic  solvent  takes  place  in  a  minimum  of  time.  It  offers 
these  possible  disadvantages:  (1)  relatively  large  volumes  of  sol¬ 
vent  are  needed;  (2)  the  distribution  of  the  desired  solute  must 
be  favorable. 

In  recovering  penicillin  or  flavicin  from  culture  or  urine  these 
disadvantages  are  unimportant  compared  with  the  advantages. 
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A  Fractionating  Molecular  Still 

H.  J.  WOLLNER,  JOHN  R.  MATCHETT1,  and  JOSEPH  LEVINE 
U.  S.  Bureau  of  Narcotics  Laboratory,  Washington,  D.  C. 


A  molecular  still  is  described  in  which  fractionation  is  effected 
through  multiple  distillation.  A  series  of  communicating  stages 
of  distilling  and  condensing  surfaces,  in  which  material  of  greater 
distillability  is  progressively  advanced  to  forward  stages  and  material 
of  lesser  distillability  refluxed  to  rearward  stages,  is  provided  in  a 
single  unit. 

IN  THE  course  of  a  program  instituted  in  this  laboratory  to 
isolate  and  characterize  the  active  principle  (or  principles) 
of  marihuana,  Cannabis  saliva  L.  (11),  it  was  proposed  to  separate 
the  components  of  the  resin,  in  which  the  physiologically  active 
material  is  contained,  by  fractional  molecular  distillation.  This 
operation  was  performed  initially  in  a  pot-type  molecular  still, 
similar  to  that  described  by  Mair,  Schicktanz,  and  Rose  (9). 
In  this  type  of  still,  material  which  is  evaporated  from  the 
surface  of  the  distilland  condenses  on  the  roof,  flows  into  an 
annular  gutter  which  prevents  its  return  to  the  distilland,  and 
is  conducted  directly  to  receivers. 

Two  major  factors  limit  the  extent  to  which  fractionation  can 
result  from  molecular  distillation  in  a  still  of  this  type.  One 
results  from  the  lack  of  provision  for  constant  renewal  of  the 
distilling  surface,  such  as  is  provided  by  ebullition  in  ordinary 
distillation.  Diffusion  of  molecules  to  the  surface  layer  is  re¬ 
tarded  by  the  usually  viscous  nature  of  the  distilland.  Molecules 
of  greater  volatility,  which  normally  would  preferentially  distill 
from  the  surface,  are  thus  entrapped  in  the  body  of  the  distilland, 
and  the  distilling  surface  becomes  correspondingly  enriched  in 
molecules  of  lesser  volatility.  Since  only  molecules  evaporated 
from  the  surface  of  the  distilland  reach  the  condenser,  the  extent 
to  which  a  representative  portion  of  the  whole  distilland  is  sub¬ 
jected  to  distillation  is  seriously  affected.  Redesign  of  the 
molecular  still  has  been  necessary  to  circumvent  this  limitation. 
The  so-called  “falling-film”  type  of  still,  in  which  the  distilland 
flows  by  gravity  over  a  vertical  heating  surface,  was  first  described 
by  Hickman  (8);  a  number  of  other  stills  employing  this  prin- 
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ciple  have  also  been  designed  (7,  10,  etc.).  In  these  stills,  the 
combined  effect  of  thin  layer  of  distilland  and  constant  movement 
of  the  distilland  results  in  a  material  improvement  in  the  extent 
to  which  the  distilland  surface  will  be  representative  of  the  entire 
charge. 

The  second  major  factor  limiting  the  extent  to  which  frac¬ 
tionation  can  take  place  in  the  pot-type  still  is  the  absence  of 
means  for  multiple  distillation.  In  molecular  distillation,  as  in 
distillations  conducted  at  higher  pressures,  the  degree  of  sepa¬ 
ration  is  a  function  of  the  respective  rates  of  evaporation  of  the 
various  molecular  species.  The  ratio  of  the  components  of  a 
mixture  in  the  distillate  from  any  single  distillation  is  proportional 
to  the  partial  pressures  of  the  components  in  the  distilland;  in 
molecular  distillation  it  is  also  inversely  proportional  to  the 
square  roots  of  their  molecular  weights. 

In  order  to  improve  the  degree  of  separation  in  ordinary 
(equilibrium)  distillations,  fractionating  columns  are  used  which 
provide,  in  effect,  successive  stages  of  distillation,  the  number 
of  effective  redistillations  being  expressed  in  terms  of  theoretical 
plates.  In  molecular  distillation,  however,  the  type  of  frac¬ 
tionating  column  dependent  upon  the  establishment  of  equilib¬ 
rium  between  liquid  and  vapor  obviously  cannot  be  employed. 
In  the  falling-film  type  of  molecular  still,  fractionation  is  achieved 
through  passage  of  the  distilland  over  the  heating  surface  main¬ 
tained  at  a  definite  temperature;  the  maximum  theoretical 
fractionation  which  can  result  in  this  way  is  equivalent  to  one 
perfect  plate.  To  attain  further  fractionation,  complex  ar¬ 
rangements  of  combinations  of  still  units  designed  to  simulate 
the  performance  of  fractionating  columns  have  been  employed 
U,  5,  6). 

The  present  communication  describes  a  simple  apparatus  which 
provides  for  multiple  distillation,  while  retaining  the  conditions 
necessary  for  molecular  distillation.  This  is  accomplished  by 
providing  within  a  single  unit  a  series  of  communicating  stages 
of  distilling  and  condensing  surfaces.  As  in  the  simple  still, 
distillate  from  an  initial  stage  is  condensed  on  the  roof  of  the 
still  and  engaged  by  a  trough  during  its  downward  flow.  In 
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stead  of  being  removed  from  the  still,  however,  the  distillate  is 
directed  by  the  troughs  to  a  succeeding  heating  surface,  located 
at  a  higher  level  than  the  preceding  one.  Here  the  more  readily 
distilled  portions  are  again  preferentially  evaporated,  and  again 
carried  to  the  next  stage.  While  the  more  volatile  material 
progressively  advances,  the  less  volatile  material  continuously 
regresses  on  the  floor  of  the  still  toward  rearward  heating  sur¬ 
faces.  By  applying  heat  in  graduated  amounts  to  the  several 
sections  of  the  still,  with  the  greater  amounts  applied  at  the 
initial  stages,  the  desired  rate  of  distillation  and  ratio  of  reflux 
may  be  maintained. 

The  heating  areas  are  defined  by  means  of  transverse  ridges  on 
the  floor  of  the  still,  which  act  as  dams  checking  the  rearward 
flow  of  liquid  and  causing  it  to  form  shallow  pools.  The  troughs 
are  so  located  in  relation  to  the  pools  as  to  engage  distillate  from 
each  pool  and  conduct  it  to  the  succeeding  pool.  Liquid  in  each 
area  is  constantly  replenished  both  by  distillate  from  preceding 
areas,  conveyed  by  the  troughs,  and  by  reflux  from  the  superiorly 
located  areas.  The  constant  rearward  flow  of  liquid  along  the 
heating  surface  and  the  merging  of  the  counterflowing  distillate 
and  distilland  at  each  stage  serve  to  agitate  and  continuously 
renew  the  surface  of  the  distilland. 


1] 


Figure  1 


The  several  heating  areas  are  not  distinct;  a  continuous  film 
of  liquid  covers  the  entire  floor  of  the  still,  thereby  providing 
the  large  distillation  surface  which  is  important  in  molecular 
distillation.  The  condensing  areas  on  the  roof  of  the  still  are, 
however,  essentially  distinct,  each  stage  being  the  area  between 
successive  troughs.  Material  evaporated  from  any  point  on  the 
heating  surface  is  condensed  on  the  surface  immediately  above 
it,  and  is  necessarily  carried  to  a  forward  point  for  redistillation. 

The  uppermost  trough  leads  directly  to  a  take-off  tube,  through 
which  the  distillate  is  conveyed  to  the  receiver  system.  The 
still  is  connected  to  the  usual  high-vacuum  system,  in  which 
operating  pressures  of  10 -4  mm.  of  mercury  or  less  are  maintained. 

DESCRIPTION  OF  APPARATUS 

The  authors’  still  (Figures  1  and  2)  is  constructed  of  a  cylin¬ 
drical  Pyrex  tube,  A,  38  cm.  long  and  50  mm.  in  diameter.  The 
interior  surface  of  the  tube  is  provided  with  a  series  of  10  channels, 
B,  approximately  3  mm.  deep,  placed  at  an  angle  of  45°  with 
the  axis  of  the  tube  and  25  mm.  apart.  These  extend  around 
the  tube  except  for  a  space  of  20  mm.  at  the  bottom,  where 
lateral  ridges,  C,  2  mm.  high  are  situated  5  mm.  behind  the 
termini  of  the  channels.  A  vertical  tube,  D,  22  mm.  in  diameter 
and  125  mm.  in  length,  and  provided  with  a  male  f  24/40  joint, 
is  sealed  onto  the  top  of  the  tube,  at  the  lower  end.  The  cap, 
E,  of  this  opening  is  30  cm.  in  length.  A  thermometer  is  sus¬ 
pended  on  a  glass  hook  sealed  onto  the  top  of  the  cap,  reaching 
to  within  several  millimeters  of  the  floor  of  the  still.  An  outlet 
tube,  F,  12  mm.  in  diameter  is  sealed  onto  the  bottom  of  the 
tube,  at  the  upper  end.  This  leads  directly  to  the  vacuum  and 
receiver  system.  The  termini  of  the  uppermost  internal  channel 
lead  directly  into  this  tube. 

Heat  is  provided  by  a  Nichrome  wire  heater,  built  in  four 


Vol.  16,  No.  8 

sections.  Each  section  consists  of  four  parallel  coils,  separated 
by  mica  strips,  connected  in  series.  The  individual  coils  are 
approximately  75  mm.  in  length  and  4  mm.  in  diameter,  and  are 
made  by  wrapping  60  cm.  (2  feet)  of  No.  22  B.  &  S.  Nichrome 
wire  around  a  rod.  Each  heater  unit  is  connected  through  a 
common  ammeter  to  an  individual  switch  and  3.5-ampere 
rheostat;  the  current  passing  through  each  unit  can  be  read 
separately  on  the  ammeter.  The  heater  is  fastened  to  an 
asbestos-board  floor  of  a  metal  box,  36  X  7.5  X  5  cm.,  one  end 
of  which  is  partially  cut  out  to  adapt  it  to  the  still.  The  still 
is  seated  on  asbestos  paper  covering  the  heating  coils,  and  is 
cemented  in  the  box  with  magnesia-asbestos  plaster.  The  box 
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Figure  4 


s  clamped  on  a  rigid  frame,  in  such  a  position  as  to  fix  the  still 
it  an  angle  of  10°  with  the  horizontal. 

The  outlet  tube  of  the  still  is  connected  directly  to  a  vacuum 
ine  and  to  the  receiver  system,  in  which  fractions  may  be  col¬ 
lected  in  individual  receivers  without  interruption  of  vacuum. 
[This  apparatus  (Figure  3)  is  a  modification  of  the  Brtihl  appa¬ 
ratus  (12).  (The  apparatus  used  in  this  laboratory  was  designed 
>y  S.  T.  Schicktanz.)  It  consists  of  a  central  chamber  to  which 
ire  attached  ten  radial  arms,  each  bearing  a  f  29/42  joint. 
Distillate  is  directed  to  the  arms  through  a  funnel,  the  stem  of 
which  is  bent  at  an  angle  as  shown  in  the  drawing.  The  funnel 
is  mounted  on  a  vertical  glass  rod,  which  serves  as  a  pivot  and 
oearing.  A  soft  iron  rod  is  sealed  horizontally  into  the  mounting 
>f  the  funnel;  an  external  electromagnet  is  used  to  turn  the  fun- 
■lel,  thus  directing  the  stem  toward  the  desired  receiver  arm. 
Distillate  is  collected  in  test  tubes  resting  in  the  caps  which  are 
ised  as  closures  of  the  arms. 

The  vacuum  system,  consisting  of  a  1-liter  ballast  flask,  dry 
ce  trap,  McLeod  gage,  and  mercury  vapor  diffusion  pump, 
lacked  by  a  fore-pump,  is  assembled  in  the  usual  manner. 

OPERATION 

In  operation,  the  still  is  charged  through  opening  D  to  the 
level  indicated  by  the  broken  line,  G,  and  the  system  is  closed. 
The  first  heater  unit  is  turned  on  low,  and  the  charge  is  degassed 
by  gradual  reduction  of  pressure.  During  the  degassing  opera¬ 
tion  a  small  amount  of  material  may  be  spattered  on  the  roof 
of  the  still,  especially  if  the  pressure  is  reduced  too  rapidly;  this 
will  be  washed  down  by  the  first  portions  of  distillate  during  the 
actual  distillation. 

After  the  charge  has  been  thoroughly  degassed,  the  diffusion 
pump  is  started  and  a  greater  amount  of  heat  applied  to  the 
first  heater  unit  until  distillation  proceeds.  Material  evaporated 
from  the  surface  of  the  main  charge  will  condense  on  the  roof  of 
the  still  and  flow  laterally  around  the  inner  surface  of  the  still 
until  engaged  by  a  channel,  B,  along  which  it  will  flow  down¬ 
ward  and  forward  to  a  succeeding  heating  area.  As  distillation 
progresses,  the  condensate  forms  pools  in  these  areas  and  over¬ 
flows,  forming  a  continuous  flowing  film  on  the  floor  of  the  still. 
[The  succeeding  heating  units  are  cut  in  as  the  areas  they  govern 
ibecome  supplied  with  distilland.  Distillation  from  each  area 
i  proceeds  in  the  manner  described,  and  the  more  volatile  com¬ 
ponents  are  progressively  carried  forward  while  the  less  volatile 
|components  flow  in  a  rearward  direction.  The  rate  of  distillation 
and  reflux  is  governed  by  the  heat  input  at  the  several  heater 
'sections;  by  the  application  of  a  proper  differential  in  the  input 
of  the  succeeding  sections,  as  indicated  on  the  ammeter,  a 
proper  rate  of  reflux  may  be  maintained. 

Distillate  at  the  uppermost  stage  is  conducted  by  the  final 
trough  in  the  series  to  the  outlet  tube  and  thence  to  the  receiver 
system,  where  it  is  directed  to  the  desired  individual  receiver 
by  manipulation  of  the  funnel.  Fractions  may  be  cut  on  a  basis 
of  equal  volume  or  in  accord  with  an  obvious  change  in  some 
physical  property,  such  as  color  or  viscosity. 


The  extent  of  the  improvement  in  fractionation  attained  with 
the  fractionating  still  as  compared  with  the  pot-type  still  is 
illustrated  in  Figure  4. 

Portions  of  an  acetylated  marihuana  “red  oil”,  twice  pre¬ 
viously  distilled  to  remove  unlike  components,  were  distilled  in 
each  type  of  still  at  a  pressure  (McLeod  gage)  of  10 “4  mm. 
Ten  fractions  of  approximately  8  grams  each  were  collected. 
The  specific  rotations  and  refractive  indices  shown  indicate  a 
significant  differential  between  the  two  series  of  fractions.  An 
evaluation  of  the  significance  of  this  differential  may  be  made  by 
comparison  with  the  results  obtained  in  the  distillation  of  mari¬ 
huana  red  oil  by  other  workers.  Bergel  ( 1 ),  for  example,  con¬ 
strued  failure  to  obtain  differences  in  the  physical  constants  of 
the  several  fractions  resulting  from  ordinary  high-vacuum  dis¬ 
tillation  as  evidence  that  the  red  oil  was  an  individual  compound. 

DISCUSSION 

The  apparatus  as  described  may  readily'  be  adapted  to  con¬ 
siderable  variation,  while  retaining  the  features  by  virtue  of  which 
fractionation  results.  By  appropriate  modification,  for  example, 
distilland  could  be  introduced  in  a  continuous  fashion  at  some 
intermediate  point  in  the  still,  rather  than  being  placed  in  the 
still  initially  as  a  single  charge.  The  charge  could  be  provided 
from  a  reservoir  of  predegassed  material;  or  distillate  from  a 
“falling-film”  type  of  apparatus  could  be  conducted  directly  to  a 
point  on  the  heating  surface  perhaps  one  third  of  the  distance 
from  the  initial  stage.  Apparatus  constructed  in  this  manner 
would  be  especially  desirable  for  the  distillation  of  thermally 
labile  material. 

During  the  distillation  of  marihuana  oils,  the  McLeod  gage 
regularly  indicated  a  residual  gas  pressure  of  less  than  10 ~4  mm. 
of  mercury.  It  is  recognized  that  this  does  not  indicate  the  actual 
distillation  pressure;  it  does,  however,  indicate  air-tightness  of 
the  system  and  absence  of  decomposition  of  the  charge  to  gaseous 
products.  Considerations  of  the  magnitude  of  the  actual  dis¬ 
tillation  pressure  must  not,  in  any  event,  be  made  in  accord  with 
the  ordinary  concepts  of  pressure.  The  flow  of  evaporated 
molecules  during  molecular  distillation  is  essentially  unidirec¬ 
tional,  while  the  usual  concepts  of  pressure  relate  to  random 
movement  of  molecules.  During  unidirectional  distillation,  the 
mean  free  path  of  the  molecules  is,  as  pointed  out  by  Brpnsted 
and  Hevesy  (2),  much  greater  than  the  mean  free  path  under 
ordinary'  conditions.  Indeed,  the  interrelation  between  direction 
of  movement  and  magnitude  of  mean  free  path  is  incorporated 
in  the  definition  of  mean  free  path  which  was  proposed  by 
Langmuir  (3).  There  may  be,  then,  considerable  latitude  in 
the  dimensions  of  the  still  and  in  the  rate  of  distillation  in  so  far 
as  they  relate  to  adherence  to  the  principles  of  molecular  dis¬ 
tillation. 
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Apparatus  for  Automatic  Control  of  Electrodeposition 

with  Graded  Cathode  Potential 

C.  W.  CALDWELL  AND  ROBERT  C.  PARKER,  Purdue  University,  Lafayette,  Ind. 

AND 

HARVEY  DIEHL,  Iowa  State  College,  Ames,  Iowa 


An  apparatus  is  described  for  carrying  out  graded  cathode  potential 
electrodepositions  automatically,  whereby  a  metal  may  be  separated 
by  cathodic  deposition  from  a  metal  lying  closely  above  it  in  the 
electromotive  series.  The  device  consists  of  a  vacuum  tube  ampli¬ 
fier  which  magnifies  the  cathode-calomel  voltage  sufficiently  to 
actuate  a  relay  and  motor  which  drives  a  Variac;  the  Variac  governs 

IN  THE  normal  practice  of  analysis  by  the  electrodeposition 
of  a  metal  at  the  cathode,  the  voltage  necessary  to  yield  a 
current  of  convenient  size  is  applied  initially  to  the  cathode  and 
anode  and  no  further  attention  paid  to  it  other  than  to  change  its 
value  occasionally  to  maintain  the  current  as  the  composition 
of  the  electrolyte  changes.  By  such  a  constant  current  electro¬ 
deposition  the  possible  separations  are  limited  to  those  metals 
below  hydrogen  in  the  electromotive  series  from  those  above 
hydrogen,  hydrogen  being  evolved  after  the  deposition  of  the 
lower  metal  in  preference  to  deposition  of  the  higher  metal. 
The  change  in  the  cathode-anode  voltage  during  the  electrolysis 
is  no  clue  to  the  extent  of  the  deposition  of  a  metallic  ion,  but  is 
the  algebraic  difference  of  the  voltages  between  the  solution  and 
the  cathode  and  anode  and  the  IR  drop  through  the  solution,  all  of 
which  may  undergo  change  during  the  electrolysis. 

By  inserting  a  reference  half-cell  into  the  solution  and  measur¬ 
ing  the  voltage  between  the  cathode  and  the  reference  cell  it 
becomes  possible  to  isolate  the  effect  at  the  cathode.  The  voltage 
between  the  solution  and  the  cathode  consists  of  the  equilibrium 
voltage  of  the  electrode  metal  toward  the  solution  containing  its 
ions  and  concentration  polarization  caused  by  the  flow  of  current. 
Neglecting  the  latter  for  the  time  being,  there  is  thus  provided  a 
means  of  following  the  change  in  the  concentration  of  the  metal 
ion  during  the  deposition,  the  reversible  voltage  being  given  by 
the  Nernst  equation: 

KT 

E  =  E0  +  — -  In  \Mn+] 
nF 

Thus,  for  example,  to  separate  copper  from  tin,  the  apparatus 
shown  in  Figure  1  is  employed,  a  calomel  half-cell  being  used  as 
the  reference  electrode.  The  cathode-calomel  voltage,  measured 
by  the  potentiometer,  increases  as  the  copper  is  deposited. 
Using  a  0.1  iV  calomel  reference  half-cell,  this  voltage  is  not  al¬ 
lowed  to  exceed  0.45  volt,  the  electrolyzing  current  being  de¬ 
creased  progressively  by  increasing  the  resistance,  R,  to  ac¬ 
complish  this.  The  last  copper  will  be  gradually  deposited  by 
the  successively  smaller  current  without  the  deposition  of  any 
tin. 

Since  their  first  use  by  Sand  ( 3 )  such  graded  cathode  potential 
separations  have  not  become  popular,  even  though  a  number  of 
very  useful  applications  of  the  method  have  been  devised,  notably 
by  the  English  workers  Sand,  Lindsey,  Collin,  and  Torrance. 
The  continuous  attention  of  the  analyst  is  required  throughout 
the  electrolysis  and  the  deposition  can  seldom  be  completed  in 
less  than  60  minutes,  since  it  is  necessary  to  use  a  relatively  low 
initial  current,  less  than  2  amperes.  At  greater  currents  the 
changes  of  the  cathode  voltage  occur  so  rapidly  that  the  manual 
operations  of  balancing  the  potentiometer  and  adjusting  the 
current  cannot  be  carried  out  sufficiently  rapidly.  Clearly  then, 
this  is  a  case  for  automatic  control. 


the  size  of  an  alternating  current,  which  when  rectified  is  used  to  e 
feet  the  deposition.  The  entirely  automatic  operation  of  the  a; 
paratus  frees  the  analyst  for  the  entire  period  of  the  electrodepos 
tion  and  shortens  the  time  normally  taken  for  such  an  analysis.  Th 
apparatus  has  been  tested  on  the  separation  of  copper  from  tin  i 
hydrochloric  acid  solution. 

The  apparatus  described,  which  accomplishes  the  grade 
cathode  potential  separation  automatically,  consists  of  thre 
main  units: 

1.  A  rectifying  unit  by  which  a  direct  current  output  of  lot 
voltage  can  be  obtained  from  the  110-volt  alternating  curren 
line  to  perform  the  electrolysis. 

2.  A  control  circuit  consisting  of  a  vacuum  tube  amplifier 
a  relay,  and  a  motor-driven  Variac  by  which  the  cathode  voltag 
is  made  to  govern  the  electrolyzing  current. 

3.  A  vacuum  tube  voltmeter  for  convenience  in  measurin 
the  cathode-calomel  voltage. 


The  circuit  and  appearance  of  the  apparatus  are  shown  in 
Figures  2  and  3. 

RECTIFYING  CIRCUIT 

The  direct  current  needed  for  the  electolysis  is  obtained  from 
the  110-volt  alternating  current  line,  the  circuit  elements  being, 
successively,  a  switch  in  the  110-volt  alternating  current  input, 
a  Variac,  a  step-down  transformer,  a  selenium  rectifier,  a  mil- 
bammeter-shunt  combination,  and  a  filter. 
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Figure  2.  Circuit  of  Apparatus?  or  Automatic  Graded  Cathode  Potential  Electrodeposition 

Relay  H.  H.  Eby  Co.,  Philadelphia,  Type  ER1 2,  1 0,000  ohms.  Variac,  General  Radio  Co.,  Cambridge,  Mass.,  Type  200B.  Motor,  1/50  h.p.  nduction  motor  with 
1200  to  1800  r.p.m.,  gear  reduction  to  turn  Variac  about  0.5  r.p.m.  Rectifier,  I.T.  and  T.  selenium  rectifier,  Type  4B1C4 


The  Variac  is  driven  by  a  motor  activated  in  turn  by  the 
amplifier-relay  (control)  circuit  and  is  the  mechanism  whereby 
the  electrolyzing  current  is  decreased  as  a  result  of  increases 
in  the  cathode-calomel  voltage.  The  Variac  may  be  set  by 
hand  after  turning  a  knob  which  disengages  it  from  the  motor. 

The  secondary  of  the  step-down  transformer  has  taps  to  provide 
voltages  of  2,  3,  4,  6,  8,  and  10  volts  when  110  volts  are  supplied 
the  primary  of  the  transformer  by  the  Variac.  Thus,  no  more 
than  a  safe  load  can  be  supplied  the  selenium  rectifier  which  is 
capable  of  handling  up  to  10  volts. 


The  rectifier  is  followed  by  a  filter  consisting  of  an  inductance 
of  2  henrys  in  series  and  two  capacitances  of  1500  ,uf  in  parallel, 
one  before  and  one  after  the  choke.  The  purpose  of  the  filter 
is  to  smooth  out  the  120-cycle  ripple  which  otherwise  affects  the 
control  circuit  adversely. 

The  direct  current  drawn  is  measured  by  a  milliammeter 
suitably  arranged  with  three  shunts,  so  that  it  can  be  made  to 
read  three  current  ranges,  0  to  0.05  ampere,  0  to  0.5  ampere,  and 
0  to  5.0  amperes,  by  changing  the  position  of  the  range  selector 
knob  on  the  lower  right  front  panel  of  the  instrument. 


Figure  3.  Apparatus  for  Automatic  Graded  Cathode  Potential  Electrodeposition 
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CONTROL  CIRCUIT 

The  cathode-calomel  voltage  is  amplified  by  a  two-stage  vac¬ 
uum  tube  amplifier  which  drives  a  gas-filled  tube  which  provides 
enough  power  to  operate  a  relay.  The  relay  in  turn  controls  a 
motor  which  turns  the  Variac. 

It  was  desired  to  have  a  control  circuit  which  would  respond 
to  a  change  of  10  millivolts  in  the  cathode-calomel  voltage. 
Numerous  attempts  were  made  to  design  a  line-operated  am¬ 
plifier  of  sufficient  sensitivity.  It  appeared  impossible  to  stabilize 
the  filament  supply  when  operated  from  the  alternating  current 
line  voltage  and  it  was  necessary  to  resort  to  battery  operation. 
(Numerous  attempts  to  design  a  reasonably  simple,  line-operated 
amplifier  are  discussed  by  Parker,  2.)  The  vacuum  tubes  selected 
were  chosen  from  the  low  filament  current  tubes  recently  made 
available;  power  required  is  so  low  that  the  batteries  last  over 
6  months  in  continuous  operation. 

The  cathode-calomel  voltage  is  applied  so  as  to  buck  the  grid 
bias  of  the  first  tube,  a  1N5G;  as  the  cathode-calomel  voltage 
increases  the  cathode-grid  voltage  of  the  1N5G  becomes  less 
negative,  allowing  more  current  to  flow  in  its  plate  circuit.  This 
increase  of  the  plate  current  causes  the  grid  of  the  second  tube, 
a  1C5G,  to  become  more  negative  and  the  plate  current  of  this 
tube  decreases,  in  turn  causing  the  grid  voltage  of  the  third 
tube,  a  gas-filled  tube,  Type  2051,  to  become  more  positive.  If 
the  grid  voltage  of  this  tube  becomes  more  positive  (less)  than 
—2.0  volts,  the  critical  value  for  firing  at  the  plate  voltage  used, 
it  passes  current  sufficient  to  close  the  relay. 

The  grid  bias  voltage  of  the  first  tube  is  secured  from  a  3-volt 
battery  with  a  potential  divider  with  coarse  and  fine  adjustments. 
The  total  resistance  of  the  potential  divider  is  110,000  ohms  in 
steps  of  10,000  ohms,  the  coarse  settings  being  fixed  10,000-ohm 
resistors  and  the  fine  adjustment  a  variable  10,000-resistor. 
The  coarse  setting  thus  changes  in  steps  of  about  0.27  volt  and 
the  fine  adjustment  permits  setting  to  about  0.005  volt. 

The  cathode-calomel  voltage  (C.C.P.),  the  bias  voltage  (B.P.), 
and  the  grid  voltage  (G.P.),  which  is  just  sufficient  to  activate 
the  relay,  are  related  by:  B.P.  —  C.C.P.  =  G.P.  Thus  for  any 
calomel-cathode  voltage  there  is  a  corresponding  bias  voltage 
which  causes  the  relay  to  close.  The  bias  setting  may  be  cali¬ 
brated  in  terms  of  the  input  voltage  which  just  closes  the  relay, 
by  impressing  a  known  voltage  on  the  input  terminals  and 
adjusting  the  bias  until  the  relay  just  closes.  The  calibration  is 
essentially  linear  and  usually  holds  for  about  2  weeks,  after  which 
the  unit  must  be  recalibrated.  The  use  of  the  vacuum  tube 
voltmeter  makes  such  readjustments  a  simple  matter. 


The  2051  tube  which  drives  the  relay  is  a  gas-filled  tetrode 
which  passes  a  comparatively  high  current,  about  9  milliamperes, 
once  its  grid  voltage  becomes  less  than  —2.0  volts.  Once  the 
plate  current  has  started,  its  magnitude  is  determined  by  the 
anode  supply  voltage  and  the  impedance  of  the  anode  circuit 
and  is  practically  independent  of  the  grid  voltage.  By  operat¬ 
ing  the  2051  on  alternating  current  it  is  possible  to  have  the 
tube  turn  off  when  the  grid  voltage  becomes  only  slightly  more 
negative  than  —2.0  volts.  During  the  negative  half  cycle 
of  the  alternating  current  voltage  applied  to  the  plate,  the  plate 
current  is  zero,  since  the  plate  is  negative  with  respect  to  the 
cathode.  As  long  as  the  grid  voltage  is  less  negative  than  the 
critical  value  of  —2.0  volts,  the  tube  will  conduct  on  positive 
half  cycles.  However,  if  the  grid  is  more  negative  than  the 
critical  value,  conduction  will  be  prevented  on  positive  half 
cycles.  In  other  words,  a  change  in  grid  potential  can  cause  the 
2051  tube  not  only  to  close  but  to  open  the  relay. 

A  milliammeter  (left-hand  meter,  Figure  3)  was  placed  in  the 
plate  circuit  of  the  second  tube  as  an  indication  of  approach  to 
the  point  where  the  relay  closes.  This  is  convenient  in  showing 
that  the  amplifier  is  functioning  and  is  a  somewhat  morS  sensitive 
indicator  than  the  vacuum  tube  voltmeter  of  the  changes  in  the 
cathode-calomel  voltage. 


Table  I.  Standardization  of  Copper  and  Tin  Solutions 
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Concentration 

Solution  Taken 

Found 
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Grams 
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0.020819 
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1 . 0033 
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48.747 
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Av 

0.020814 

0.020818 

Tin 

Tin 

Concentration 
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of  Tin 

21.982 

0.4243 

0.019278 
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0.019295 
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0.019246 
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Figure  4.  Course  of  Cathode-Calomel  Voltage  and 
Electrolyzing  Current  during  Deposition  of  Copper  in 
Presence  of  Tin 


In  the  separation  of  copper  from  tin,  the  calomel-cathode 
voltage  (0.1  N  calomel)  must  be  limited  to  0.45  volt.  This  cor¬ 
responds  to  a  certain  bias  setting — for  example,  coarse  reading  8, 
fine  27.0.  With  the  bias  so  adjusted  any  voltage  greater  than 
0.45  volt  applied  to  the  D.C.  input  causes  the  relay  to  close. 
The  electrolyzing  current  is  then  reduced  until  the  calomel- 
cathode  voltage  falls  below  0.45  volt,  at  which  point  the  relay 
•opens. 


VACUUM  TUBE  VOLTMETER 

For  convenience  in  measuring  the  cathode-calomel  voltage,  a 
vacuum  tube  voltmeter  was  incorporated  in  the  apparatus.  The 
recent  design  of  Garman  and  Droz  (7)  was  used,  employing  a 
single,  battery-operated  tube  and  making  use  of  a  bridge-type 
circuit.  Because  of  the  low  power  consumption  (0.3  watt)  the 
inconvenience  and  cost  of  frequent  battery  replacement  are  re¬ 
duced  to  a  minimum  ,and  the  added  advantage  is  secured  of 
greater  stability  and  greater  simplicity  than  with  line  operation. 
The  circuit  is  shown  in  Figure  2. 

The  vacuum  tube  voltmeter  was  placed  in  the  center  of  the 
apparatus  and  shielded  by  enclosure  in  a  separate  metal  box. 
The  zero  and  range  adjustment  controls,  meter,  and  filament- 
switch  were  brought  to  the  center  of  the  front  panel,  as  will  be 
seen  from  a  close  inspection  of  Figure  3.  In  order  to  use  the 
vacuum  tube  voltmeter  for  other  purposes  if  desired,  input  ter¬ 
minals  were  placed  on  the  panel  (just  below  the  meter)  and  a 
switch  provided  so  that  the  voltmeter  could  be  made  to  read  the 
cathode-calomel  voltage  (int.)  by  direct  connection  within  the 
apparatus  with  the  D.C.  input,  or  to  read  some  other  voltage  ap¬ 
plied  to  the  voltmeter  input  terminals  (ext.). 

The  vacuum  tube  voltmeter  is  calibrated  by  first  shorting  the 
input  terminals  and  varying  the  zero  adjustment  to  bring  the 
meter  to  read  zero.  The  desired  voltage  to  cause  full-scale 
reading  is  then  applied  and  the  range  adjusted  until  the  meter 
reads  full  scale.  The  zero  is  then  checked  and  adjustment  made 
if  necessary.  The  full-scale  setting  is  then  checked  and  ad¬ 
justment  made  if  needed.  The  voltmeter  may  be  calibrated 
over  any  range  up  to  1  volt — for  example,  0  to  0.5  volt  or  0  to 
1.0  volt.  • 


AUXILIARY  EQUIPMENT 

• 

In  graded  cathode  potential  electrodepositions,  vigorous  stir¬ 
ring  is  essential.  This  is  most  conveniently  accomplished  with  a 
rotating  platinum  anode  driven  at  about  800  r.p.m.  It  was 
found  that  electrical  contact  to  the  rotating  anode  could  be  made 
conveniently  by  a  carbon  brush  bearing  on  the  flat  upper  surface 
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of  the  pulley  attached  to  the  chuck  holding  the  electrode;  some 
minor  variation  of  a  few  milliamperes  in  the  electrolyzing  current 
occurred  because  of  the  unevenness  of  this  contact,  but  this  had 
no  effect  on  the  operation  of  the  apparatus. 

The  conventional  form  of  calomel  electrode  may  be  used,  0.1  N, 
1  N,  or  saturated,  the  appropriate  change  in  the  limited  poten¬ 
tial  used  being  made  on  substituting  one  for  another.  The  calo¬ 
mel  cell  must  be  placed  with  its  contact  tip  on  the  outer  side  of 
the  cathode  and  the  tip  should  not  extend  below  the  lower  edge 
of  the  cathode,  so  as  to  be  as  far  away  from  the  lines  of  flow  of  elec¬ 
trical  current  as  possible. 

The  electrode  assembly  should  be  designed  so  that  the  beaker 
can  be  lowered  away  and  the  electrodes  washed  quickly  following 
the  electrolysis. 

OPERATION 

The  filament  voltage,  bias  voltage,  and  vacuum  tube  volt¬ 
meter  filament  are  turned  on  and  the  apparatus  is  given  a  20- 
minute  warming  up  period  before  starting  the  electrodeposition. 
Connections  from  the  D.C.  output  are  made  to  the  cathode  and 
anode  and  from  the  D.C.  input  to  the  cathode  and  calomel  cell. 
In  the  case  of  copper  and  metals  higher  than  copper  in  the  elec¬ 
tromotive  series,  the  calomel  cell  is  connected  to  the  positive 
terminal.  The  bias  controls  are  set  for  the  limited  potential 
wanted.  The  stirring  motor  is  started  and  the  electrolysis  is 
begun  by  turning  the  alternating  current  switch  on,  setting  the 
A  ariac  to  full  value,  and  turning  the  voltage  regulator  to  give  a 
suitable  current. 

It  is  best  then  to  test  the  D.C.  input  circuit  by  breaking  con¬ 
tact  at  the  calomel  cell  junction.  The  reading  of  the  vacuum  tube 
voltmeter  should  change  on  breaking  the  contact  or  upon  alter¬ 
ing  the  size  of  the  electrolyzing  current.  If  a  variation  is  not  ob¬ 
served,  the  other  contacts  should  be  examined  and  the  calomel 
cell  inspected  for  air  bubbles.  If  the  circuit  is  closed  the  elec¬ 
trolysis  can  proceed  without  further  attention  from  the  operator. 

The  electrolysis  is  usually  complete  in  20  to  40  minutes,  by 
which  time  the  current  will  have  been  reduced  to  20  milliamperes 
or  less.  In  some  cases  the  current  must  not  be  allowed  to  fall 
below  a  certain  value,  below  which  the  metal  may  dissolve  more 
rapidly  than  it  is  being  plated  out.  The  solution  is  then  removed, 
the  electrodes  washed  without  interrupting  the  current,  and  the 
determination  concluded  in  the  usual  manner. 


Table  II.  Separation  and  Determination  of  Copper  and  Tin 

Copper  Taken  Tin  Taken 


Solu¬ 

Copper 

con¬ 

Copper 

Solu¬ 

Tin 

con¬ 

Tin 

tion 

tent 

Found 

Error 

tion 

tent 

Found 

Error 

Grams 

Gram 

Gram 

Mg. 

Grams 

Gram 

Gram 

Mg. 

13.819 

0.2877 

0.2876 

-0.1 

25.5 

0.48 

Not  determined 

22 . 700 

0.4726 

0.4721 

-0.5 

25.5 

0  48 

Not  determined 

22.902 

0.4768 

0.4763 

-0.5 

25.5 

0.48 

Not  determined 

6.332 

0.1318 

0.1318 

0.0 

42.420 

0.8175 

0.8169 

-0.6 

12.701 

0.2644 

0.2649 

-0.5 

25.872 

0 . 4986 

0.4992 

+  0.6 

16.620 

0.3460 

0.3467 

+  0.7 

26.527 

0  5112 

0.5121 

+  0.9 

16.997 

0.3539 

0.3539 

0.0 

27.749 

0.5347 

0.5354 

+  0.7 

16.619 

0.3460 

0.3458 

-0.2 

26.401 

0.5088 

0.5078 

-1.0 

28.104 

0.5851 

0 . 5856 

+  0.5 

15.230 

0.2934 

0.2942 

+  0.8 

30.820 

0.6417 

0.6416 

-0.1 

16.415 

0.3163 

0.3173 

+  1.0 

APPLICATION  TO  SEPARATION  OF  COPPER  FROM  TIN 

The  apparatus  was  tested  on  the  separation  of  copper  from 
tin.  The  electrode  potentials  of  these  metals  are  +0.345  and 
—  0.136,  respectively,  and  a  separation  of  copper  from  appreciable 
amounts  of  tin  by  the  ordinary  electrodeposition  process  is  im¬ 
possible.  The  deposition  was  carried  out  from  a  hydrochloric 
acid  solution  containing  hydroxylammonium  chloride  to  prevent 
the  liberation  of  chlorine  at  the  anode,  a  procedure  first  described 
by  Schoch  and  Brown  (4). 

Standard  solutions  of  copper  and  tin  were  prepared  as  follows: 

Electrolytic  copper  prepared  by  electrolysis  of  c.p.  copper  sul¬ 
fate  was  dissolved  in  dilute  nitric  acid  and  converted  to  copper 
sul.'ate  by  evaporation  with  a  slight  excess  of  sulfuric  acid.  The 
gray,  anhydrous  copper  sulfate  remaining  after  fuming  was  dis¬ 
solved  carefully  and  diluted.  The  copper  in  this  solution  was 
determined  electrolytically.  A  weight  buret  was  used  to  meas¬ 
ure  out  the  solution.  To  each  determination  were  added  3 
grams  of  ammonium  nitrate  and  3  ml.  of  nitric  acid.  The  elec¬ 
trolysis  was  carried  out  in  the  usual  way  and  continued  suf¬ 
ficiently  long  to  ensure  the  deposition  of  all  copper.  The  results 
are  given  in  Table  I. 


Pure  tin  was  dissolved  in  hot,  concentrated  hydrochloric  acid 
in  contact  with  metallic  platinum,  a  reflux  condenser  being  em¬ 
ployed  to  prevent  the  loss  of  tin  by  volatilization.  The  solution 
was  diluted  carefully  and  the  tin  determined  electrolytically. 
The  solution  was  measured  out  with  a  weight  buret,  diluted  to 
250  ml.,  and  treated  with  10  grams  of  hydroxylammonium 
chloride.  The  tin  was  then  deposited  on  a  copper-plated  plati¬ 
num  electrode,  using  a  current  of  1.5  amperes.  Just  before  dis¬ 
continuing  the  electrolysis  the  solution  was  neutralized  with  am¬ 
monia  to  avoid  any  solvent  action  of  hydrochloric  acid  on  the  tin 
during  the  washing  process.  Following  the  deposition  the  solu¬ 
tion  was  checked  for  the  complete  removal  of  tin.  The  results 
are  given  in  Table  I.  This  solution  contained  about  5  ml.  of 
free,  concentrated  hydrochloric  acid  per  25  ml.  It  was  found 
that  if  the  solution  was  not  diluted  to  about  250  ml.  the  tin 
deposited  in  part  as  large  crystals  at  the  tgp  and  bottom  of  the 
electrode. 

Quantities  of  these  solutions,  delivered  from  a  weight  buret, 
were  mixed  and  to  the  resulting  solution  were  added  10  ml.  of 
concentrated  hydrochloric  acid  and  2  grams  of  hydroxylam¬ 
monium  chloride.  The  solution  was  then  diluted  to  150  ml.  and 
the  electrolysis  begun  at  a  current  of  2  to  4  amperes.  The  ap¬ 
paratus  was  set  to  limit  the  cathode-calomel  voltage  to  0.45  volt 
(0.1  N  calomel).  The  electrolysis  was  allowed  to  continue  until 
the  current  had  been  decreased  to  about  0.020  ampere. 

The  course  of  the  current  and  the  cathode-calomel  voltage 
during  a  typical  deposition  of  copper  are  shown  in  Figure  4,  the 
quantities  of  copper  and  tin  present  in  the  particular  determina¬ 
tion  from  which  the  data  was  obtained  being,  respectively. 
0.3222  and  0.5190  gram.  The  action  of  the  apparatus  is  clearly 
apparent.  Once  the  critical  potential,  as  set  by  the  bias  con¬ 
trols,  is  reached  the  calomel-cathode  voltage  is  held  constant  and 
the  current  decreased  to  a  residual  value  approaching  zero.  The 
electrolysis  was  generally  continued  until  the  residual  current 
was  about  20  milliamperes,  the  time  required  being  from  20  to 
40  minutes,  depending  on  the  amount  of  copper  present. 

Following  the  deposition  of  copper,  about  8  grams  of  hy¬ 
droxylammonium  chloride  were  added,  the  solution  was  diluted  to 
about  250  ml.,  and  the  tin  deposited  on  a  copper-clad  platinum 
cathode. 

The  results  of  a  series  of  separations  of  copper  from  tin  are 
given  in  Table  II.  The  separation  is  very  successful  as  long 
as  a  large  amount  of  tin  is  present,  as  in  the  analyses  reported 
in  Table  II.  When  the  amount  of  tin  is  less  than  that  equivalent 
to  the  copper  present  the  separation  becomes  erratic,  low  results 
being  frequently  obtained  for  copper.  This  peculiar  behavior 
resides  in  the  electrochemistry  involved,  however,  and  not  in 
the  action  of  the  apparatus  described,  since  similar  erratic  re¬ 
sults  were  obtained  on  low-tin  mixtures  by  the  conventional, 
manual  method  of  carrying  out  the  graded  cathode  potential 
electrodeposition.  Additional  tin  can  be  added  when  necessary, 
as,  for  example,  in  the  direct  determination  of  copper  in  bronze. 
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Microdetermination  of  Sulfate 

A  Colorimetric  Estimation  of  the  Benzidine  Sulfate  Precipitate 

BERNARD  KLEIN,  First  Lieutenant,  Sanitary  Corps,  Laboratory  Service,  Tilton  General  Hospital,  Fort  Dix,  N.  J. 


IN  CONNECTION  with  another  investigation,  the  need  arose 
for  a  simple,  rapid,  and  accurate  method  for  the  determina¬ 
tion  of  small  amounts  of  sulfate,  using  only  the  limited  equipment 
and  reagents  then  available.  The  following  method  was  de¬ 
veloped  and  proved  extremely  satisfactory:  The  sulfate  in  the 
sample  was  precipitated  as  the  benzidine  sulfate,  purified,  and 
dissolved  in  0.2  N  hydrochloric  acid,  diazotized,  and  coupled, 
after  destroying  the  excess  nitrous  acid,  with  Bratton  and 
Marshall’s  reagent  ( 1 ),  N-(  1-naphthyl) ethylenediamine  dihydro¬ 
chloride.  The  resultant  intense  purple  color  was  read  in  a  Klett- 
Summerson  photoelectric  colorimeter. 

Colorimetric  methods  for  the  determination  of  sulfate  are  not 
new.  Yoshimatsu  ( 8 )  first  treated  the  dissolved  benzidine  sulfate 
precipitate  with  a  mixture  of  iodine,  potassium  iodide,  and 
ammonia,  and  compared  the  resultant  brown  color  with  a 
benzidine  sulfate  standard  similarly  treated.  Hubbard  ( 2 )  and 
later  Wakefield  (7)  used  the  yellow  color  produced  by  the  action 
of  hydrogen  peroxide  and  ferric  chloride  on  the  dissolved  benzidine 
sulfate  precipitate.  Kahn  and  Lieboff  (3),  thus  far,  were  the 
only  ones  to  couple  diazotized  benzidine  sulfate  with  an  alkaline 
solution  of  phenol.  Lentonoff  and  Reinhold  (4)  used  the  color 
produced  by  the  action  of  sodium  /3-naphthoquinone-4-sulfonate 
on  an  alkaline  solution  of  benzidine  sulfate  as  a  basis  for  compari¬ 
son. 

Since  its  initial  introduction  by  Bratton  and  Marshall  (!)  as  a 
coupling  agent  for  the  determination  of  sulfonamides,  N-(  1- 
naphthyl)ethylenediamine  dihydrochloride  has  found  increasing 
popularity.  Shinn  (6)  found  that  it  gave  superior  results  for  the 
determination  of  nitrite  in  water,  sewage,  and  foods.  Recently, 
Looney  and  Dyer  have  used  this  reagent  with  success  in  the 
determination  of  potassium  in  serum  (5). 

REAGENTS 

Sodium  nitrite,  0.1%,  prepared  fresh  daily. 

Ammonium  sulfamate,  0.5%. 

iV-(l-naphthyl)ethylenediamine  dihydrochloride,  Eastman 
Kodak  Company  No.  4835,  0.1%.  The  solution  is  made  up  in 
distilled  water  and  kept  in  a  dark  bottle.  The  reagent  keeps  best 
if  refrigerated. 

Benzidine  hydrochloride  reagent,  4.0  grams  of  pure  benzidine 
hydrochloride  dissolved  in  a  small  amount  of  distilled  water  and 
made  up  to  250  ml.  with  0.2  N  hydrochloric  acid. 

Standard  Sulfate  Solutions.  Stock,  0.5437  gram  of  reagent 
potassium  sulfate  dissolved  in  distilled  water  and  diluted  to  1 
liter;  1.0  ml.  is  equivalent  to  0.3  mg.  of  sulfate.  Dilute  standard, 
10.0  ml.  of  the  stock  standard  diluted  to  100  ml.  with  distilled 
water;  1.0  ml.  is  equivalent  to  0.03  mg.  of  sulfate. 

Standard  Benzidine  Hydrochloride.  Stock,  0.4014  gram  of 
pure  benzidine  hydrochloride  dissolved  in  a  small  amount  of  0.2  N 
hydrochloric  acid  and  diluted  to  100  ml.  with  the  same  solvent; 
1.0  ml.  is  equivalent  to  1.5  mg.  of  sulfate.  Dilute  standard,  1.0 
ml.  of  stock  solution  diluted  to  100  ml.  with  0.2  N  hydrochloric 
acid;  1.0  ml.  is  equivalent  to  0.015  mg.  of  sulfate. 

Acetone-ethanol,  1  to  1,  using  95%  ethanol  and  reagent 
acetone. 

PROCEDURE 

To  a  15-ml.  centrifuge  tube  with  a  narrowed  conical  bottom, 
containing  1.0  ml.  of  glacial  acetic  acid  and  1.0  ml.  of  benzidine 
hydrochloride  reagent,  an  amount  of  sample  containing  between 
0.015  and  0.15  mg.  of  sulfate  is  added,  the  solution  is  mixed,  2.0 
ml.  of  acetone-alcohol  are  added,  the  tube  is  capped,  and  the  con¬ 
tents  are  thoroughly  mixed  by  rolling  between  the  hands.  The 
tube  is  allowed  to  stand  in  an  ice-water  bath  for  a  half  hour  to 
complete  precipitation. 

At  the  end  of  this  period,  the  tube  is  centrifuged  at  2500  r.p.m. 
for  10  minutes  and  the  supernatant  poured  off  with  one  rapid 
motion.  While  still  inverted,  the  mouth  of  the  tube  is  carefully 
touched  with  a  pad  of  clean  filter  paper  to  blot  off  excess  liquid. 
The  tube  is  permitted  to  drain  on  the  filter  paper  pad  for  5 
minutes. 


The  walls  of  the  tube  are  washed  with  2.0  ml.  of  acetone-alcohol 
in  a  manner  to  avoid  disturbing  the  tightly  packed  precipitate. 
The  tube  is  recentrifuged  for  5  minutes,  and  the  supernatant 
poured  off  and  permitted  to  drain  for  5  minutes  on  the  filter  paper 
pad.  The  washing  and  draining  procedure  is  repeated  once  more. 

Two  milliliters  of  0.2  N  hydrochloric  acid  are  blown  into  the 
centrifuge  tube.  The  precipitate  dissolves  almost  instantly. 
The  tube  is  placed  in  an  ice-water  bath,  1.0  ml.  of  sodium  nitrite 
solution  is  added,  and  the  tube  is  shaken  to  mix  the  solutions  and 
allowed  to  stand  for  3  minutes.  One  milliliter  of  ammonium 
sulfamate  solution  is  added,  and  the  tube  is  shaken  and  allowed  to 
stand  for  an  additional  2  minutes.  Finally,  1.0  ml.  of  N-(l- 
naphthyl)ethylenediamine  dihydrochloride  solution  is  added  to 
develop  the  color.  After  mixing,  the  violet  solution  is  permitted 
to  stand  for  20  minutes,  transferred  quantitatively  to  a  50-ml. 
volumetric  flask,  and  diluted  to  mark  with  distilled  water.  The 
solution  is  read  in  a  photoelectric  colorimeter  using  a  green  filter. 
The  Klett  No.  54  is  satisfactory  for  the  Klett-Summerson  instru¬ 
ment. 

It  is  recommended  that  a  standard  solution  of  benzidine  hydro¬ 
chloride  or  standard  sulfate  solution  containing  0.03  nag.  as 
sulfate  be  carried  through,  at  the  same  time.  The  former  solu¬ 
tion  need  only  be  diazotized  and  coupled,  while  the  latter  must  be 
carried  through  the  entire  procedure  as  described  above.  A 
blank,  using  2.0  ml.  of  0.2  N  hydrochloric  acid,  diazotized  and 
coupled  with  the  color  reagent,  serves  as  zero  reading  on  the 
photometer. 


Table  I.  Determination  of  Sulfate 


sc>4 

SO4  Recovered 

Error 

Error 

Mg. 

Mg. 

Mg. 

% 

0.0150 

0.0152 

0.0002 

1.3 

0.030 

0.0300 

0 

0.030 

0.0303 

0.0003 

1.0 

0.060 

0.060 

0 

0.060 

0.0597 

0.0003 

0.5 

0.090 

0.0921 

0.0021 

2.3 

0.150 

0. 1470 

0.0030 

2.0 

CALCULATION 

Reading  of  unknown  -5-  reading  of  standard  X  concentration  of 
standard  =  mg.  of  sulfate  in  sample 

DISCUSSION 

This  method  offers  many  advantages.  The  ease  and  sim¬ 
plicity  with  which  the  determination  is  carried  out,  together  with 
the  availability  of  the  reagents  used,  are  foremost.  No  extreme 
precautions  are  necessary  beyond  attention  to  the  use  of  narrowed 
conical  tips  on  the  centrifuge  tubes.  These  are  readily  fashioned 
by  drawing  the  tips  of  ordinary  glass  centrifuge  tubes  in  a  flame 
until  the  diameter  of  the  tip  is  about  2  mm.  After  centrifuga¬ 
tion,  the  precipitated  benzidine  sulfate  packs  tightly  and  can  be 
easily  washed  without  disturbance  or  loss.  Tubes  which  have 
been  soaked  in  dichromate-sulfuric  acid  mixture  must  be  carefully 
washed  to  remove  all  traces  of  sulfate. 

The  color  obtained  on  final  coupling  with  Bratton  and  Mar¬ 
shall’s  reagent  has  remarkable  stability.  In  initial  runs,  stability 
studies  revealed  no  decrease  in  intensity  even  after  12  hours. 
The  color  follows  Beer’s  law  closely.  This  is  true  of  both  solu¬ 
tions  of  pure  benzidine  hydrochloride  and  known  sulfate  solutions 
used  in  recovery  studies.  The  precision  of  triplicate  determina¬ 
tions  was  excellent,  not  varying  by  more  than  0.1%. 

The  limitations  of  benzidine  sulfate  precipitation  in  the  pres¬ 
ence  of  large  amounts  of  chloride  and  phosphate  should  be  pointed 
out.  At  the  time  this  study  was  carried  out  the  sulfate  concen¬ 
tration  in  a  dialyzatc  which  had  no,  or  at  most,  traces  of  chloride 
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and  phosphate  present  was  being  checked.  This  provided  no 
interference.  In  the  case  of  biological  materials,  phosphate 
should  be  completely  removed.  Chloride  should  not  be  present 
in  amounts  such  that  the  weight  ratio  of  chloride  to  sulfur  ex¬ 
ceeds  30;  else,  precipitation  of  benzidine  sulfate  is  not  complete. 

The  method  is  accurate  in  a  range  extending  from  0.05  to  0.150 
mg.  of  sulfate  with  a  maximum  error  of  2%.  The  results  ob¬ 
tained  on  pure  sulfate  solutions  are  summarized  in  Table  I. 
Each  value  is  the  mean  of  triplicate  determinations. 
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An  Observation  of  Possible  Value 
for  Sugar  Determinations 

DANIEL  LUZON  MORRIS,  The  Putney  School,  Putney,  Vt. 

IN  AN  attempt  to  modify  the  Sichert  and  Bleyer  reagent  ( 1 ) 
for  micro  use,  potassium  iodide  was  included  in  the  reagent. 
When  this  reagent  was  heated  with  glucose,  a  precipitate  formed 
which  was  identified  as  cuprous  iodide.  The  presence  of  the  io¬ 
dide  ion  speeds  up  the  reduction  reaction,  presumably  because  of 
the  removal  of  the  cuprous  ion  from  solution  as  cuprous  iodide. 
'  The  observation  may  have  value  for  the  determination  of  sugars, 
for  the  cuprous  iodide  can  be  determined  iodometrically  in  the 
solution  or  separated  and  weighed  directly.  Its  weight  is  of  the 
order  of  ten  times  that  of  the  glucose  taken. 

The  reagent  may  be  made  up  as  follows:  To  250  cc.  of  water 
are  added  500  grams  of  hydrated  sodium  acetate,  75  cc.  of  5% 
acetic  acid,  and  5  grams  of  potassium  iodide.  The  solids  are 
dissolved  by  warming  the  solution,  and  25  grams  of  crystalline 
cupric  sulfate  are  added  as  a  10%  solution.  About  40  grams  of 
glucose  are  now  added,  the  volume  is  made  up  to  1  liter,  and  the 
mixture  is  heated  in  boiling  water  for  45  minutes,  let  cool  slowly, 
and  filtered  to  remove  the  crystalline  precipitate  of  cuprous  io¬ 
dide  which  had  separated  during  the  heating.  For  the  determi¬ 
nation,  the  solution  is  heated  for  30  minutes  at  100°  with  an  equal 
volume  of  glucose  solution. 

Further  work  on  this  reagent  is  not  contemplated. 

Lowering  of  the  pH  by  the  addition  of  more  acetic  acid  results 
in  the  formation  of  less  precipitate  for  a  given  amount  of  glu¬ 
cose;  if  the  amount  of  acetic  acid  is  decreased,  a  white  precipi¬ 
tate  (apparently  cupric  hydroxide  or  a  basic  cupric  salt,  as  it  is 
nonreducing)  is  formed  on  heating,  even  in  the  absence  of  glucose. 
Omission  of  the  preliminary  heating  with  glucose  causes  a  slight 
black  precipitate  to  form  during  the  determination  if  the  quan¬ 
tity  of  glucose  being  determined  is  very  small.  The  use  of  more 
than  5  grams  of  potassium  iodide  per  liter  increases  the  speed  of 
the  reaction,  but  makes  iodometric  estimation  of  cuprous  iodide 
in  the  solution  difficult.  Less  than  0.2  gram  of  glucose  will  give 
no  reduction.  The  reagent  is  affected  bv  maltose,  whose  reduc¬ 
tion,  under  the  conditions  mentioned,  is  about  Ve  that  of  an  equal 
weight  of  glucose.  The  maltose  reduction  is  not  complete  even 
:  after  50  minutes  of  heating,  whereas  the  glucose  reductionshows  no 
increase  after  30  minutes. 
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Improved  Distillation  Receiver 

HOWARD  M.  WADDLE1 
State  Engineering  Experiment  Station, 

Georgia  School  of  Technology,  Atlanta,  Ga. 

THE  usual  variety  of  cow’s-udder  fraction  cutter  ( 1 )  has  the 
inherent  disadvantage  that  each  drop  of  distillate  must  be 
collected  in  one  of  the  receivers  attached  to  the  cutter.  The 
modification  described  makes  it  possible  to  interrupt  the  flow 
of  a  distillate  while  the  operator  follows  the  course  of  a  tem¬ 
perature  change  in  the  fractionating  column.  Since  the  fraction 
cutter  can  be  clamped  in  a  stationary  position,  it  is  possible, 
in  the  case  of  low-boiling  fractions,  to  surround  the  entire  re¬ 
ceiver  with  a  freezing  mixture. 


In  practice  bulb  F  is  approximately  10  ml.  in  diameter.  Ground 
joint  C  has  a  standard  taper  14/35,  and  the  body,  A,  is  made 
from  a  50-ml.  Erlenmeyer  flask.  All  glass  tubing,  B,  is  8  mm. 
The  inside  rod  that  conducts  the  distillate  to  the  receivers  must 
rotate  freely  and  must  not  leave  the  surface  of  the  tube  coming 
from  stopcock  D,  2-mm.  bore. 
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A  Modification  of  the  Ethanolamine  Hydrolysis  Method 
for  Determination  of  Methyl  Bromide 

ROBERT  D.  CHISHOLM  and  LOUIS  KOBLITSKY 
United  States  Department  of  Agriculture,  Bureau  of  Entomology  and  Plant  Quarantine,  Moorestown,  N.  J. 


THE  study  of  the  insecticidal  value  of  methyl  bromide  as  a 
fumigant  requires  a  method  for  determination  of  this  com¬ 
pound  mixed  with  air.  A  modification  of  the  method  described 
by  Stenger  et  al.  ( 1 )  has  been  developed  for  its  determination  in 
the  atmosphere  of  chambers  during  fumigations. 

The  sampling  methods  described  by  Stenger  et  al.  ( 1 )  for  various 
reasons  could  not  be  applied  directly  under  some  of  the  conditions 
which  the  authors  encountered  in  their  work,  which  required 
taking  successive  samples  from  several  locations  simultaneously. 
The  modification  developed  involves  withdrawal  by  aspiration 
of  a  portion  of  the  atmosphere  of  the  chamber,  passing  it  through 
a  series  of  absorption  tubes  packed  with  sand  wet  with  ethanol- 
amine,  and  subsequent  determination  of  the  bromide  ion  by  the 
Volhard  method.  In  this  way  gas  losses  during  sampling  are 
avoided. 

Various  types  of  absorption  tubes  may  be  used.  The  one  which 
the  authors  found  most  satisfactory  was  made  from  1-em. 
(inside  diameter)  glass  tubing  bent  in  the  form  of  a  V,  with  the 
bend  flattened  so  that  the  packing  could  be  retained  in  one  arm. 
The  sand  used  for  packing  was  of  such  a  size  that  it  would  pass 
through  a  10-mesh  screen  but  be  retained  on  a  16-mesh  screen. 
It  was  prepared  for  use  by  digesting  with  concentrated  nitric 
acid,  washing  free  of  acid,  and  igniting.  The  absorption  tubes, 
each  containing  a  column  of  sand  25  cm.  high,  moistened  with 
2  ml.  of  ethanolamine,  were  connected  by  means  of  inverted  U- 
tubes,  and  all  joints  were  rubber-covered  glass  to  glass.  The 
number  of  absorption  tubes  in  series  is  dependent  upon, the  con¬ 
centration  of  methyl  bromide  and  the  rate  of  aspiration.  The 
authors  used  four  absorption  tubes  and  a  sampling  period  of 
20  minutes.  A  2-liter  sample  was  taken  for  a  concentration  of 
453.6  grams  per  28,320  liters  (1  pound  per  1000  cubic  feet) 
and  a  1-liter  sample  for  concentrations  of  0.9  and  1.8  kg.  (2  and 
4  pounds).  Usually  more  than  70%  of  the  methyl  bromide  was 


recovered  from  the  first  absorber,  about  20%  from  the  second, 
6%  from  the  third,  and  2  %  from  the  fourth. 

Following  sampling,  the  contents  of  the  absorption  tubes 
were  washed  into  Erlenmeyer  flasks,  and  the  bromide  ion  was 
determined  by  the  Volhard  method.  Since  ethanolamine  re¬ 
tards  the  end  point,  a  blank  on  the  same  amount  of  ethanolamine 
should  be  carried  through  the  procedure  and  allowed  for  in 
calculating  the  results. 

This  method  has  given  results  reproducible  with  a  standard 
deviation  of  ±0.01  pound  with  methyl  bromide  concentrations 
of  approximately  1  pound  per  1000  cubic  feet. 

The  amounts  of  methyl  bromide  recovered  from  a  fumigation 
chamber  of  1000  cubic  feet  capacity  ranged  from  the  equivalent 
of  96  to  100%  of  a  1-pound  charge  (mean  recovery  97%),  95  to 
100%  of  a  2-pound  charge  (mean  recovery  97%),  and  91  to  98% 
of  a  4-pound  charge  (mean  recovery  95%).  The  samples  were 
taken  15  minutes  after  introduction  of  the  fumigant.  However, 
this  chamber  was  exposed  to  the  effect  of  wind.  A  statistical 
analysis  was  made,  using  the  results  obtained  from  88  individual 
samples,  to  calculate  the  normal  rate  of  leakage  and  the  in¬ 
creased  rate  due  to  wind  of  different  velocities.  Using  the  cal¬ 
culated  concentrations  in  the  chamber  at  the  time  of  sampling 
and  comparing  with  the  analytical  results,  the  recoveries  were 
between  1  and  2%  greater  than  those  presented. 
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A  Simplified  Fritted-Glass  Bubbler 

RICHARD  KIESELBACH 
Bakelite  Corporation,  Bound  Brook,  N.  J. 


IN  THE  course  of  work  involving  the  absorption  of  gases,  a 
need  was  felt  for  a  fritted-glass  bubbler  having  the  following 
advantages  not  to  be  found  in  the  conventional  jar  type  of  bub¬ 
bler. 

There  should  be  no  dead  spaces  in  the  bubbler,  so  that  a  mini¬ 
mum  of  absorbing  solution  could  be  used  effectively.  A  mini¬ 
mum  of  wash  water  should  be  required  to  wash  out  the  solution 
at  the  end  of  a  run.  The  possibility  of  loss  of  liquid  while  drain¬ 
ing  and  washing  should  be  reduced  to  a  minimum.  It  should  be 
possible  to  connect  a  series  of  bubblers  quickly  and  easily,  without 
the  use  of  rubber  tubing,  and  without  difficulties  of  alignment. 
The  bubbler  should  preferably  be  compact,  rugged,  and  inex¬ 
pensive. 

The  bubbler  shown  in  the  illustration  proved  to  be  the  answer 
to  the  problem,  and  is  of  the  simplest  possible  design.  When  a 
gas  flow  rate  of  300  ml.  per  minute  is  used,  the  bubbler  operates 
efficiently  with  as  little  as  15  ml.  of  absorbing  solution.  For 
special  applications,  the  dimensions  could,  of  course,  be  altered. 

In  operation,  a  series  of  bubblers  is  set  up  in  the  following  man¬ 
ner:  The  No.  1  bubbler  is  inserted  in  the  standard  taper  neck  of 
a  flask  bearing  a  tubulature  for  the  entrance  of  the  gas.  A  slight 


pressure  (lung  power  is  enough,  where  permissible)  is  applied  at 
the  tubulature,  and  the  absorbing  solution  poured  into  the 
bubbler.  The  tubulature  is  closed  by  means  of  a  stopcock  or 
pinchclamp  to  maintain  the  pressure,  and  a  second  bubbler 
inserted  in  the  neck  of  the  first.  The  process  is  repeated  for  as 
many  bubblers  as  are  required,  and  the  apparatus  is  ready  for  use. 

At  the  completion  of  a  run,  a  suction  is  applied  at  the  tubulature 
of  the  flask,  pulling  the  solution  into  the  flask.  A  very 

small  amount  of  water  from 


a  wash  bottle  is  required  to 
wash  down  the  bubblers,  this 
being  sucked  down  in  the 
same  way.  Obviously,  loss 
of  liquid  is  next  to  impossi¬ 
ble  at  this  stage.  Ideally, 
the  receiving  flask  should  be 
so  designed  that  it  can  be 
used  as  a  vessel  for  subse¬ 
quent  reactions. 

This  type  of  bubbler  has 
one  disadvantage — the 
necessity  of  maintaining  a 
gas  pressure  while  filling, 
and  until  putting  into  opera¬ 
tion — which  may  preclude  its 
use  in  certain  applications. 
For  many  purposes,  however, 
this  inconvenience  is  more 
than  compensated  for  by  the 
advantages  listed  above. 
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Apparatus  for  Washing  Selas  Crucibles 

C.  R.  SCHLEY 

Lucky  Heart  Laboratories,  Inc.,  Memphis,  Tenn. 


A  RECENT  article  ( 1 )  outlines  an  arrangement  for  washing 
Selas  filtering  crucibles  by  reverse  flow.  This  laboratory 
has  performed  this  task  in  a  slightly  different  manner,  which  the 
author  believes  to  be  more  convenient  and  perhaps  more  economi¬ 
cal  of  material. 

The  crucible  to  be  cleaned  is  placed  in  an  inverted  position 
with  the  top  fitting  into  a  circular  groove  cut  into  the  top  of  a 
Walter-type  crucible  holder  held  in  a  standard  filter  flask.  The 
bottom  of  the  crucible  is  covered  with  another  holder  of  the  same 
type  from  which  the  regular  stem  has  been  removed.  A  short¬ 
stemmed  funnel  is  placed  upright  in  the  opening  of  the  holder. 
The  groove  in  the  lower  holder  is  filled  with  a  suitable  liquid,  the 
crucible  is  pressed  down  as  suction  is  applied  to  the  filter  flask, 
and  the  desired  washing  medium  is  poured  into  the  funnel. 


Strong  acids  or  solvents  which  would  damage  the  rubber  con¬ 
nection  should  be  added  at  such  a  speed  that  the  volume  does 
not  build  up  in  the  reservoir,  and  the  liquid  runs  through  the  filter 
as  soon  as  it  is  added.  Unnecessary  damage  to  the  rubber  connec¬ 
tions  between  filter  flask  and  trap  is  also  avoided  by  the  stem  in 
the  lower  holder  which  conveys  the  wash  liquid  down  into  the 
flask  and  prevents  splashing  into  the  side  arm. 

This  arrangement  utilizes  equipment  readily  available  and  re¬ 
quiring  no  modification  other  than  cutting  the  small  groove  in  one 
of  the  holders,  which  in  no  way  interferes  with  its  subsequent  use 
in  the  usual  manner. 
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LABORATORIES  and  BOOK 

NEW  EQUIPMENT  REVIEWS 


Hotel  Association  Testing  Laboratory 

The  American  Hotel  Association  testing  laboratory,  which  is  part 
!  of  the  Department  of  Hotel  Administration  at  Michigan  State  Col- 
;  lege,  East  Lansing,  Mich.,  is  located  on  the  college  campus.  Bernard 
R.  Proulx  is  head  of  the  department  and  Bruce  Hartsuch  is  in  charge 
of  the  laboratory  and  all  tests. 

Established  about  a  year  ago,  the  laboratory  is  as  yet  meagerly 
equipped  and  uses  considerable  equipment  from  another  department 
of  the  college,  but  when  war  conditions  permit  it  is  planned  to  equip 
it  fully  and  make  it  one  of  the  outstanding  laboratories  of  the  country, 
j  Tests  of  textiles  and  cleaning  compounds,  as  well  as  other  physical 
|  tests,  are  now  being  made. 

Specimen  Holder  for  Abraser 

A  specimen  table  for  the  Taber  abraser,  that  permits  testing  paper 
products  for  wear  resistance  in  moist  or  wet  condition,  has  been 
l  announced  by  Taber  Instrument  Corp.,  North  Tonawanda,  N.  Y. 
Results  of  tests  are  reported  either  numerically  as  the  number  of 
wear  cycles  to  produce  a  given  amount  of  wear,  or  as  loss  in  weight 
when  weighed  on  a  precision  laboratory  balance. 

Autoclave 

A  1-gallon  autoclave,  made  by  the  Industrial  Machinery  Co., 
Bloomfield,  N.  J.,  is  now  available  for  prompt  shipment.  It  com- 
1  bines  in  its  design,  construction,  and  equipment  the  functions  and 
i  usual  features  of  large  high-pressure  autoclaves,  sulfonators,  nitra- 
tors,  chlorinators,  kettles,  and  similar  equipment. 

Tin-Plated  Panels 

Bright  tin-plated  sheet  steel  panels,  approximately  31  gage  and 
measuring  3X5  inches,  are  available  in  limited  amounts  from  the 
Stewart  Research  Laboratory,  P.  O.  Box  173,  Washington,  D.  C. 
They  are  used  in  flowout  and  flexibility  tests  of  paints  and  varnishes, 
in  kauri-reduction  tests,  and  for  filing  samples  for  reference. 


Colorimetric  Determination  of  Traces  of  Metals.  E.  B.  Sandell. 

xvi  +  487  pages.  15  X  23  cm.  Interscience  Publishers,  Inc.,  215 

Fourth  Ave.,  New  York,  N.  Y.,  1944.  Price,  $7.00. 

This  book  is  Volume  III  of  “Chemical  Analysis”,  the  new  series  of 
monographs  on  analytical  chemistry  and  its  applications  being  pub¬ 
lished  by  Interscience  Publishers.  It  is  a  worthy  addition  to  their 
list,  published  or  in  preparation. 

The  author’s  aim  is  presentation  of  a  “limited  number  of  methods 
which  .  .  .  appear  to  be  best  suited  for  dealing  with  traces  of  metals. 
No  one  reagent  is  necessarily  the  best  for  the  determination  of  an 
element  in  all  kinds  of  samples  or  under  all  conditions,  and  con¬ 
sequently  two  or  three  methods  are  described.  .  .  for  a  number  of  the 
metals.  The  treatment  is  to  a  considerable  extent  based  on  the  ex¬ 
perience  of  the  writer  ...” 

Part  I  is  a  general  introduction.  The  four  chapters  deal  with 
trace  analysis  (17  pp.),  methods  of  separation  (15  pp.),  methods  of 
measurement  (40  pp.),  and  19  general  colorimetric  reagents  (36  pp.). 
Anyone  not  widely  experienced  in  colorimetric  methods  of  measure¬ 
ment  will  find  much  valuable  information  in  this  section.  The 
chapter  on  measurement  seems  the  weakest,  but  obviously  the  present 
range  and  variety  of  instruments  could  not  be  covered  in  the  space 
available.  A  comprehensive  critical  discussion  of  this  subject  is 
definitely  needed.  In  connection  with  the  stated  limit  of  range  of 
colorimetric  methods,  Mehlig  showed  the  practicability  of  working 
with  far  higher  concentrations  of  iron  and  of  copper  in  ores. 

Part  II,  covering  analytical  procedures,  includes  methods  for  45 
separate  metals  and  the  rare  earth  elements.  Since  various  metals 
(Ac,  Cs,  Hf,  Ma,  Pa,  Ra,  Rb,  Sr,  Th,  Y)  are  omitted  and  only  selected 
procedures  are  described,  perhaps  a  more  accurate  title  might  have 
been  “Selected  Methods  for  the  Colorimetric  Determination  of 
Certain  Metals”.  It  seems  likely  that  many  analysts  will  wish  that 
here  had  been  included  methods  for  nonmetallic  elements,  such  as 
the  halogens,  silicon,  nitrogen,  and  phosphorus  (those  omitted  are 
B,  Br,  C,  Cl,  F,  H,  I,  N,  O,  P,  Po,  S,  Se,  Si,  Te).  A  second  volume 
might  be  devoted  to  these  elements. 

In  general,  the  information  for  each  element  is  classified  under 
separations,  methods  of  determination,  and  industrial  applications, 
such  as  rocks,  ores,  minerals,  metals,  soils,  water,  and  biological 
materials.  Adequate  operating  directions  are  given  for  applying  the 
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selected  methods,  and  many  references  and  notes  document  and 
amplify  the  material.  As  stated  in  the  preface,  balanced  treatment 
is  still  impossible  because  of  the  lack  of  information  on,  and  critical 
study  of,  many  methods.  Most  colorimetric  methods  need  such 
investigation. 

In  view  of  Professor  Sandell’s  contribution  to  colorimetry  in  this 
meritorious  book,  the  reviewer  hesitates  to  offer  an  adverse  comment. 
The  following  statements  and  questions  are  included,  therefore,  with 
the  sole  aim  of  helping  to  clarify  and  improve  analytical  literature. 
Grid  lines  are  generally  desirable  in  using  graphs,  and  observed  points 
should  be  shown  if  possible.  One  likes  to  know  the  spectral  band 
width  used  in  determining  curves  such  as  that  for  the  permanganate 
solution  (see  Figure  4,  which  does  not  show  the  characteristic  small 
bands.  Why?).  Consistency  is  desirable  in  formulating  the  hetero¬ 
poly  compounds,  preferably  in  accordance  with  Keggin’s  work  (in¬ 
cluding  naming  in  terms  of  the  central  atom).  There  is  possible 
uncertainty  regarding  the  plotting  of  the  spectral  curves  because  of 
the  use  as  ordinate  legends  of  extinction,  log  Jo  //,  log  e,  transmission, 
transmittancy,  and  absorption.  Is  it  transmission  or  tran-smittancy 
(the  terms  are  not  synonymous)?  Is  it  e  or  log  e  (Figure  27)?  Is  it 
absorption — that  is,  100  —  T  (Figure  49)?  Is  transmittancy  a  loga¬ 
rithmic  value  (Figure  64)?  Is  it  not  simpler  to  plot  transmittancy 
directly  on  semilogarithmic  paper,  rather  than  log  l/T  (or  log  Jo//) 
on  linear  paper,  for  curves  to  test  conformity  to  Beer’s  law  or  to  use 
in  determinations? 

The  author’s  justified  caution  about  using  others’  extinction  co¬ 
efficients  (p.  57)  implies  the  necessity  of  determining  one’s  own  cali¬ 
bration  data  for  any  specific  instrument. 

Very  few  typographical  errors  were  noted.  Optical  density  is 
meant  on  page  34.  The  symbol  Ti  appears  twice  in  the  table  on 
page  75.  Although  hardly  an  error,  the  use  of  the  abbreviation 
“etc.”  leaves  something  to  be  desired  from  the  standpoint  of  concise 
scientific  writing. 

Conversations  with  industrial  analysts  have  confirmed  the  re¬ 
viewer’s  initial  opinion  that  this  book  is  now  the  first  compilation  to 
which  to  turn  in  the  hope  of  finding  a  tested  colorimetric  method, 
clearly  presented  for  use.  Analytical  chemists  are  indeed  indebted 
to  Professor  Sandell  for  such  a  monograph. 

M.  G.  Mellon 

Experimental  Spectroscopy.  Ralph  A.  Sawyer.  323  pages.  Pren¬ 
tice-Hall,  Inc.,  New  York,  N.  Y.  Price,  $5.00. 

This  book  fills  a  long-felt  need  for  a  general  text  and  reference 
book  on  applied  spectroscopy.  The  author  deals  with  spectroscopy 
as  a  tool  for  the  chemist  or  physicist,  and  not  as  a  science  in  itself. 
The  primary  emphasis  is  placed  on  those  principles  and  techniques 
that  are  fundamental  to  the  applications  of  spectroscopic  equipment 
as  a  general  research  tool.  Highly  theoretical  topics  are  avoided 
and  no  attempt  is  made  to  cover  phases  of  experimental  spectroscopy 
requiring  highly  specialized  knowledge  of  mathematics  or  atomic 
physics.  The  origin  of  spectra,  the  Raman  effect,  absorption  spectro¬ 
photometry,  and  similar  topics  of  rather  limited  interest  or  requiring 
extensive  mathematical  treatment  are  largely  omitted. 

A  brief  historical  sketch  of  the  development  of  spectroscopy  and 
a  short  nontechnical  discussion  of  light  sources  make  up  the  first  two 
chapters.  Chapters  3  to  7  provide  the  most  complete,  readable 
presentation  of  the  principles  of  design,  adjustment,  and  use  of  prism 
and  grating  spectrographs  which  has  appeared  in  a  single  book  or 
paper.  If  the  book  contained  nothing  else  of  merit,  this  section 
alone  would  make  it  a  valuable  contribution  to  spectroscopic  litera¬ 
ture.  The  reviewer  could  not  escape  the  impression  that  the  author 
underestimates  the  proportion  of  spectrographs  employing  original 
gratings  now  in  use.  Dr.  Sawyer’s  industrial  experience  being  largely 
limited  to  prism  spectrographs,  he  is  apparently  not  fully  aware  of 
the  fact  that  spectrographs  employing  original  gratings  are  now 
produced  in  greater  quantity  than  prism  spectrographs  in  this 
country. 

Chapter  8  covers  the  photographic  process  as  used  in  spectrog- 
raphy.  The  author  makes  no  attempt  to  deal  with  the  theoretical 
aspects  of  photographic  chemistry  and  presents  little  new  material 
on  the  application  of  photography  to  spectroscopy.  However,  the 
familiar  properties  and  behavior  of  the  emulsion  are  adequately 
covered  and  correlated  with  spectroscopic  applications.  Interesting 
and  useful  data,  assembled  from  previous  publications  of  Kodak 
Research  Laboratories,  are  presented. 


The  determination  of  wave  length  is  treated  in  some  detail  in 
Chapter  9,  with  particular  attention  to  practical  methods  based  on 
comparison  with  primary,  secondary,  and  tertiary  standards.  Con¬ 
ventional  methods  of  extrapolation  are  discussed  and  the  practical 
methods  of  identifying  lines  in  analytical  work  are  described.  Refer¬ 
ences  to  all  the  most  important  sources  of  wave-length  data  are 
given.  Fundamental  methods  of  wave-length  determination,  such 
as  interferometry,  are  mentioned  only  casually. 

Chapter  10,  dealing  with  the  measurement  of  light  intensity,  pro¬ 
vides  an  excellent  general  treatment  of  the  problem  of  photometry 
in  both  emission  and  absorption  spectroscopy  and  covers 
both  visual  and  objective  instrumental  methods  of  photometry. 
Valuable  notes  on  technique  and  sources  of  error  are  included.  A 
number  of  commercially  available  microphotometers  are  described 
and,  while  these  descriptions  are  for  the  most  part  reasonably  ac¬ 
curate,  the  author  was  apparently  unfamiliar  with  one  of  the  makes 
discussed,  the  Applied  Research  Laboratories  comparator-densitom¬ 
eter.  The  author  classified  this  instrument  as  a  projection-type 
instrument  and  describes  a  projection-type  microphotometer  as 
one  in  which  “a  considerable  length  of  the  spectrum  is  projected  on  a 
screen  carrying  an  adjustable  slit,  behind  which  the  light-sensitive 
element  is  placed  ’.  The  Applied  Research  Laboratories  instrument 
is  not  a  projection  instrument  in  this  sense  and  employs  projection 
only  as  a  means  of  providing  the  comparator  feature  and  locating 
the  line  to  be  measured.  Moreover,  the  film  or  plate  is  not  moved 
during  the  scanning  of  the  line,  as  implied  by  the  author,  and  the 
remarks  concerning  the  relative  advantages  and  disadvantages  of  the 
projection-type  instrument  do  not  strictly  apply  to  this  microphotom¬ 
eter.  Aside  from  this  rather  minor  confusion,  the  treatment  of 
photometers  is  unbiased,  accurate,  and  effective. 

The  last  three  chapters,  11,  12,  and  13,  deal  with  infrared  spectros¬ 
copy,  vacuum  ultraviolet  spectroscopy,  and  “spectrochemical” 
analysis,  respectively.  These  chapters  give  a  brief  but  reasonably 
complete  treatment  of  the  practical  aspects  of  the  selection  and 
design  of  the  instruments  and  the  fundamental  techniques  em¬ 
ployed. 

The  reviewer  noted  several  deviations  from  currently  accepted 
spectroscopic  nomenclature.  Among  the  words  or  phrases  used,  to 
which  the  scientific  lexicographer  might  take  exception,  are  “linear 
dispersion”  and  “spectrochemical  analysis”.  The  author’s  use  of 
such  words  and  phrases  detracts  infinitesimally  from  the  value  of 
the  book  and  is  objectionable  only  because  the  book  will  undoubtedly 
become  one  of  the  standard  references  on  the  subject  and  is  likely  to 
be  widely  quoted. 

Not  only  is  the  book  valuable  for  the  specific  spectroscopic  informa¬ 
tion  it  contains,  but  also  it  provides  an  excellent  bibliography.  The 
references  given  are  well  selected  and  few  important  references  are 
omitted.  The  bias  and  prejudices  common  to  most  discussions  of 
spectroscopic  apparatus  and  techniques  are  notably  absent  in  this 
work,  and  the  author’s  impartial  factual  treatment  of  the  controver¬ 
sial  phases  is  highly  praiseworthy.  Remarkably  complete,  consider¬ 
ing  the  scope  of  the  subjects  embraced,  the  book  should  be  of  great 
help  in  broadening  the  knowledge  and  interests  of  workers  already 
in  the  field.  While  highly  theoretical  phases  have  been  avoided,  the 
author  presents  sufficient  fundamental  theory  and  correlates  it  so 
well  with  practical  considerations  that  the  book  should  contribute 
towards  rationalizing  the  now  overly  empirical  art  of  spectroscopy. 

J.  Raynor  Churchill 

Experiments  in  General  Inorganic  Chemistry.  J.  L.  Maynard  and 
T.  I.  Taylor.  550  pages.  D.  Van  Nostrand  Co.,  250  Fourth  Ave., 
New  York,  N.  Y„  1944.  Price,  $2.90. 

A  laboratory  manual  designed  to  accompany  “General  Inorganic 
Chemistry”  by  Sneed  and  Maynard,  which  may  be  adapted  for  use 
with  any  standard  textbook  by  changing  the  order  of  experiments. 
Laboratory  techniques  and  descriptive  aspects  of  chemistry  are  em¬ 
phasized. 


Specifications  for  Analytical  Reagents 

A  limited  number  of  planographed  copies  of  the  first  supplement 
to  A.C.S.  Analytical  Reagents”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  16, 
281  (1944)]  are  available  on  application  from  Industrial  and  Engi¬ 
neering  Chemistry,  1155  Sixteenth  St.,  N.  W.,  Washington  6,  D.  C 
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Systematic  Procedure  for  Identification  of  Synthetic  Resins 

and  Plastics 


T.  P.  GLADSTONE  SHAW 

Research  Laboratories,  The  Shawinigan  Chemicals,  Limited,  Shawinigan  Falls,  Quebec,  Canada 


he  procedure  given  will  identify  most  resins  of  commercial  im- 
lortance  at  the  present  time.  Once  the  resin  has  been  isolated  in 
s  pure  a  condition  as  possible  it  is  necessary  to  determine  to  which 
>f  eight  groups  it  belongs,  then  to  proceed  systematically  to  its 
entative  identification.  Confirmatory  tests  are  applied  to  confirm 
>r  disprove  this.  In  the  latter  event,  or  if  short  cuts  are  possible  be- 
ause  of  the  history  of  the  resin,  use  is  made  of  a  classification  of 
he  properties  for  the  various  general  types  of  resins. 

"“VERY  chemist  employing  resinous  substances  is  confronted 
D  at  some  time  with  the  task  of  identifying  a  resin.  No  de- 
ailed  procedure  has  so  far  appeared  which  would  enable  a  sys- 
ematie  attack  on  this  problem  to  be  made,  although  a  number  of 
laethods  suitable  for  a  few  common  resins  are  known  ( 1 ,  10,  13). 

I ’he  method  given  in  this  paper  has  proved  very  serviceable  in 
hese  laboratories  for  the  past  two  years. 

This  method  of  analysis  depends  upon  using  a  single  resin  for  the 
roup  and  systematic  procedures.  The  general  order  of  procedure 
|o  be  followed  on  an  unknown  sample  is: 

1.  Separation  of  the  resin  or  resins  from  the  solvents,  plas- 
icizers,  fillers,  pigments,  and  dyes 
2.  Separation  of  mixtures  into  individual  resins 
3.  Classification  of  the  separated  resin  according  to  the  group 
ests 

•4.  Identification  by  following  the  scheme  for  the  group  into 
■  hich  the  resin  falls,  so  as  to  arrive  at  the  probable  identity  of 
he  resin 

5.  Confirmation  by  specific  tests 

[  Cases  will  occur  where  the  confirmatory  tests  do  not  yield  a 
lear-cut  identification.  This  may  be  due  to  imperfect  separation 
f  a  mixture  or  the  pres- 
nce  of  a  resin  which  is 
ot  covered  in  this  paper, 
lome  general  reactions 
re  given  below  which 
•ill  help  to  identify  the 
ype  of  resin  in  such 
ases. 

The  scheme  will  func- 
ion  with  the  particular 
esins  used  and  with 
,  Hied  resins;  but  i  t 
nil  not  distinguish 
etween  different  degrees 
f  polymerization  of 
he  same  monomer. 

.  t  has  not  been  possi- 
le  to  cover  all  the 
esins  for  each  type; 
herefore,  it  is  necessary 
j  o  confirm  the  identifica¬ 


tion.  Where  the  same  resin  is  listed  in  different  places  in 
the  tables  it  is  because  of  similarity  in  properties  of  related 
resins  which  could  not  be  distinguished  without  use  of  the 
trade  name,  or  a  few  borderline  cases  which  might  fall  in  both 
places. 


PREPARATION  OF  SAMPLE 

In  most  fields  there  are  published  methods  (3,  8,  14,  16)  cover¬ 
ing  the  separation  of  vehicles,  pigments,  or  plasticizers  from  the 
resinous  constituents  that  may  be  encountered.  It  is  beyond  the 
scope  of  this  paper  to  do  more  than  briefly  indicate  the  methods 
employed. 

Removal  of  Vehicles  and  Plasticizer.  In  handling  a 
solution,  addition  of  a  nonsolvent  such  as  ligroin  or  water  to  pre¬ 
cipitate  the  resins  is  useful.  The  plasticizer  will  usually  be  left 


Table  I.  Separation  of  Groups 

(Sample  previously  separated  from  solvents,  plasticizers,  fillers,  pigments, 
dyes,  and  other  resins) 

Halogens 

Strongly  positive:  Test  according  to  Group  A. 

Negative:  Test  for  nitrogen  and  sulfur. 

Nitrogen  and  sulfur 

Nitrogen  positive,  sulfur  negative  or  very  weakly  positive:  Test  accord¬ 
ing  to  Group  B. 

Nitrogen  and  sulfur  positive:  Test  according  to  Group  C. 

Nitrogen  negative,  sulfur  positive:  Test  according  to  Group  D. 

Nitrogen  and  sulfur  negative:  Test  for  saponification  number. 
Saponification  No. 

Over  325:  Test  according  to  Group  E. 

120  to  325:  Test  according  to  Group  F. 

Less  than  120:  Test  for  acetyl  number. 

Acetyl  No. 

Over  40:  Test  according  to  Group  G. 

Less  than  40:  Test  according  to  Group  H. 


Table  II.  Separation  of  Group  A 


(Halogens  present) 

A.  Test  solubility  in  ligroin 

Soluble:  Chlorinated  Insoluble:  Test  solubility  in  hot  acetone 


diphenyls.  Confirm 
by  Test  VI.  Melt 
with  very  little  de¬ 
composition.  High 
refractive  index 


Soluble:  Polyvinyl 
chloride  -  acetate 
copolymers.  Me¬ 
dium  acetate 

type.  Confirm 

by  Test  II 


Insoluble:  Test  solubility  in  ethyl  acetate 


Soluble: 
ated 
Confirm  bv  Test 

III 


Chlorin-  Insoluble 
rubber. 


Test  solubility  in  ethylene  dichloride 


Soluble:  Polyvinyl 
chloride  or  low 
acetate  polyvinyl 
chloride  -  acetate 
copolymers. 
Confirm  bv  Test 
II 


Insoluble: 


Test 


solubility  in  pyri¬ 


dine  (B) 


B.  Solubility  in  pyridine 
Soluble:  Test  solubility  in  tetrachloroethane 
Soluble:  Polyvinyl  Insoluble:  Cashew 

chloride-acrylate  co-  nut  oil  polymer, 

polymer.  Hard  Confirm  by  Tests 

resin.  Low  refrac-  II  and  VI.  Soft 

tive  index  sticky  black  resin 


Insoluble:  Test  solubility  in  tetrachloroethane 

Soluble:  Rubber  Insoluble:  Test  solubility  in  morpholine 


hydrochloride. 
Confirm  by  Test 
VI 


Solvent  and  resin 
turn  black.  Poly- 
vinylidene  chlo¬ 
ride  resins.  Con¬ 
firm  by  Test  II 


Insoluble:  Chloro- 
prene  rubbers. 
E  type  soluble 
in  dioxane,  other 
type  insoluble. 
Confirm  by  Test 
II.  Sulfur  usu¬ 
ally  present 
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in  solution.  If  test-tube  experiments  shov 
this  method  is  not  feasible,  the  solutio: 
may  be  poured  into  boiling  water  or  dried  b; 
evaporation.  Both  the  latter  methods  leav 
the  pigments  and  plasticizers  in  the  resins  am 
they  will  require  further  treatment. 

Oily  vehicles  may  usually  be  removed  b 
precipitation  of  the  resin  by  a  nonsolvent. 

Pigments  and  Fillers.  Finely  divide^ 
pigments  sometimes  offer  considerable  dil 
ficulty.  If  the  pigment  is  held  by  Alundur 
or  paper  thimbles  a  Soxhlet  extraction  of  th 
vehicle-free  resins  by  a  solvent  null  do.  A 
times  repeated  filtration  in  the  presence  of 
filter  aid  such  as  Filter-Cel  on  a  suction  c 
pressure  filter,  using  a  very  dilute  solution  i 
a  low-viscosity  solvent,  is  required.  Centr 
fuging  will  serve  in  some  cases. 

Dyes.  Dyes  are  even  worse  to  handle  bu 
precipitation  bjr  a  nonsolvent,  a  procedur 
which  must  be  repeated  several  times  for  re 
moval  of  vehicles  and  plasticizers,  usuall 
leaves  most  of  the  dye  in  solution.  Pre 
liminary  tests  often  indicate  a  solvent  for  th 
dye  which  has  sufficient  swelling  action  0 
the  resin  for  a  Soxhlet  extraction  of  the  dy 
to  be  made. 


MIXED  RESINS 

Where  a  mixture  of  resins  is  suspectec 
these  must  be  separated  into  as  pure  fractioc 
as  possible  by  suitable  extraction  or  precip 
tation  procedures  designed  to  meet  the  pai 
ticular  case  in  hand.  Fractions  so  separatee 
dried,  and  free  from  solvent  are  treated  ir 
dependency  by  the  methods  given  below. 

METHODS  FOR  SEPARATION  OF  GROUPS 

The  following  tests  are  applied  in  the  orde 
given  (Table  I) : 

Halogens.  Beilstein’s  copper  wire  test  i 
convenient  (9,  11,  12).  All  substances  i 
Group  A  give  a  strong  test.  A  faint  test  ma 
be  ignored  as  due  to  volatile  impurities  c 
salts.  It  is  necessary  to  make  sure  that  som 
of  the  resin  actually  enters  the  flame  with  th 
wire. 

Halogens  may  also  be  detected  in  a  portio 
of  the  filtrate  from  the  sodium  fusion  b 
acidifying  and  boiling  with  nitric  acid,  the 
adding  silver  nitrate. 

Nitrogen.  The  usual  sodium  fusion  ( L 
11, 12)  with  the  development  of  Prussian  blu 
in  the  presence  of  ferric  salts  is  used. 

Sulfur.  A  drop  of  the  filtrate  from  th 
sodium  fusion  applied  to  a  silver  coin  quickl 
develops  a  dark  stain  in  the  presence  of  sulfui 

Acid  Number.  While  not  required  fc 
group  separation,  this  figure  is  convenient 
obtained  at  this  time  and  is  useful  as  a  cor 
firmatory  figure  later. 

Accurately  weigh  about  1  gram  of  resin  an 
place  it  in  100  cc.  of  neutral  dioxane,  alcoho 
or  other  suitable  solvent.  Then  warm  gentl 
under  an  air  condenser  for  about  1  horn 
Titrate  the  free  acid  with  aqueous  0.1  1 
sodium  hydroxide,  using  phenolphthalei 
indicator. 

Acid  number  = 

56.1  X  normality  of  NaOH  X  cc.  of  NaOH  use 

weight  of  sample 

Saponification  Number.  To  the  neutn 
solution  above,  in  a  soft-glass  flask,  add  25  ci 


eptember,  1944 


ANALYTICAL  EDITION 


543 


pply  Teat  IV 
lue  color:  Nitrocellu¬ 
lose  or  nitrocellulose 
acetate.  Distinguish 
by  rate  of  burning; 
acetate  may  be  identi¬ 
fied  by  method  of  Sim- 
onds  and  Ellis  (15). 


Table  IV.  Separation  of  Group  B 


(Halogens  absent,  nitrogen  present,  sulfur  absent) 


No  blue  color:  Apply  Test  XI 
Negative:  Apply  Test  III 
Odor  of  NH3  and  burning  hair. 
Polyamide  resin.  Confirm 
by  Test  VI.  Note.  Glue, 
gelatin,  or  albumenoids 
might  appear  here.  Physi¬ 
cal  form,  positive  biuret  re¬ 
action,  solubility  in  hot 
water  can  be  expected  to  in¬ 
dicate  such  substances. 


Odor  like  hot  aniline, 
butadiene-acry  1  o  n  i- 
trile  copolymer. 
Confirm  by  action  of 
acetone 


Positive:  Violet  color.  Apply  Test  XII 


Test  solubility  in  pyridine 


Negative: 

Soluble:  Melamine- 
formaldehyde 
resin.  Confirm  by 
Tests  III  and  VI 


Insoluble:  Urea-for¬ 
maldehyde  resin. 
Confirm  by  Tests 
III  and  VI 


Positive: 

Casein-formal¬ 
dehyde  resin. 
Confirm  by 
weak  sulfur 
test  and  Teat 
VI 


Test 

No. 

I 


XI 

XII 


Table  V.  Properties  of  Resins  in  Group  B 


Urea- 

Melamine- 

Formaldehyde 

Formaldehyde 

Polyamide 

Property  Sought 

Nitrocellulose 

Resin 

Resin 

Resin 

Solubility 

1 

95%  ethanol 

P.S.G. 

I 

1 

Acetone 

S 

I 

1 

1 

Ether 

I 

I 

1 

1 

Ethyl  acetate 

s 

I 

1 

1 

Dioxane 

s 

I 

1 

1 

Pyridine 

s 

I 

s 

1 

Acetic  acid 

s 

I 

s 

1 

Carbon  tetrachloride 

I 

I 

I 

1 

Tetrachloroethane 

I 

I 

P.S 

1 

Benzene 

Hot  water 

I 

I 

I 

1 

Liebermann-Storch 

Carbonate  fusion 

NO2  evolved 

Neg. 

Neg. 

Neg. 

Odor 

Burning  paper 

NHi 

Formaldehyde 

NHi  +  burn- 

ing  hair 

Char 

Pos. 

Pos. 

Pos. 

Pos. 

Fume 

SI. 

Nil 

Nil 

SI. 

Nitrates 

Blue 

Neg. 

Neg. 

Neg. 

Odor  on  ignition 

NHs  +  burn- 

Formaldehyde 

NHa 

ing  hair 

Char 

Pos. 

Pos. 

Pos. 

Fume 

V.S1. 

SI.  white 

SI. 

Distillate 

Nil 

Nil 

SI. 

Formaldehyde 

Red 

Purple 

Strong  red  vio- 

Neg. 

Xanthoproteic 

Neg. 

Neg. 

Neg. 

Refractive  index  20°  C. 

1.50 

1.55 

1.55 

1.54 

20°  C 

Specific  gravity  2Q0  c 

1.4 

1.16 

1.16 

1.1 

Gelatin 


Casein- 

Butadiene- 

Glue 

Formaldehyde 

Acrylonitrile 

Coagulated 

Resin 

Copolymer 

Protein 

1 

I 

I 

1 

P.S.G. 

I 

1 

I 

I 

1 

IG 

I 

1 

IG 

I 

1 

IG 

I-P.S 

1 

I 

I-S 

1 

I 

I 

1 

IG 

I 

1 

IG 

I 

S-I 

Neg. 

Neg. 

Neg. 

NH3  4*  burn¬ 
ing  hair 

Like  hot  aniline 

Burning  hair 
and  NHa 

Pos. 

Nil 

Pos. 

SI. 

Cons,  white 

V.S1. 

Neg. 

Neg. 

Neg. 

Burning  hair 

Like  hot  aniline 

Burning  hair 

Pos. 

Pos. 

Pos. 

Heavy  yel. 

Heavy  yel. 

Heavy 

SI. 

Cons. 

Nd 

Pale  violet 

Neg. 

Neg. 

Pos. 

1.52 

Weakly  pos. 

1.35 

0.96-1.01 

Table  VI.  Separation  of  Group  C 

(Halogens  absent,  nitrogen  and  sulfur  present) 


f  aqueous  0.5  N  sodium  hydroxide  and  warm  under 
iflux  until  the  resin  is  ah  in  solution  but  not  less 
lan  1  hour.  If  the  resin  does  not  dissolve,  allow 
to  reflux  overnight.  Titrate  excess  sodium  hy- 
roxide  with  0.5  N  hydrochloric  acid,  using  phenol- 
hthalein  or  other  indicator.  For  very  dark  solu- 
ions  “Universal  indicator”  has  proved  useful, 
inhere  the  resin  is  undissolved,  vigorous  shaking 
uring  titration  is  required  to  neutralize  alkali  ab- 
orbed  by  the  swollen  resin. 


Test  solubility  in  hot  water 


Soluble:  Gelatin. 

Confirm  by  Tests 
III  and  XI 


Insoluble:  Apply  Test  III 


Odor  of  burning 
hair.  Casein- 
formaldehyde 
resin.  Confirm 
by  Tests  VI, 
XI,  and  XII 


Odor  of  formaldehyde. 
Sulfonamide  resins. 
Resins  vary  from  vis¬ 
cous  fluid  to  low-melt¬ 
ing  solids.  Confirm 
by  Acid  No.,  Saponi¬ 
fication  No.,  and  Test 


XI 


Odor  like  hot 
aniline.  See 
butadiene- 
acrylonitrile 
c  opolymer 
in  Group  B 


aponification  number  - 

1  Acetyl  Number.  Weigh  about  2  grams  of  the  sample  ac- 
urately  and  place  it  in  a  Pyrex  Erlenmeyer  flask,  add  20  cc.  of 
yridine-anhydride  reagent,  and  place  on  a  steam  bath  under  an 
ir  condenser.  Treat  a  blank  on  the  reagents  similarly.  When  all 
3  in  solution  or  after  several  hours  if  the  resin  only  swells,  add 
1 5  cc.  of  neutral  ethylene  dichloride  or  benzene,  stopper  the  flask, 
nd  shake  vigorously.  The  resin  should  be  dissolved  or  well 
Token  up  by  this  treatment.  Add  100  to  150  cc.  of  distilled 
rater  and  titrate  with  0.5  N  sodium  hydroxide,  using  about  twice 
he  usual  amount  of  phenolphthalein  indicator.  The  titration 
equires  vigorous  shaking  to  remove  the  acid  from  the  solvent 
iyer  and  the  red  color  should  be  permanent  for  at  least  one  min¬ 
ute. 

Reagent.  880  cc.  of  pyridine  (Barrett’s  2A  grade),  120  cc. 
»f  95%  or  better  acetic  anhydride. 

tcetyl  number  = 

TESTS  USED  IN  SCHEMATIC  PROCEDURE  AND  FOR  CONFIRMATION 

Test  I.  Solubility.  Place  about  1  gram  of  sample  in  a  test 
ube  with  10  cc.  of  solvent,  shake  at  room  temperature  several 


hours,  then  note  carefully  whether  the 
resin  is  soluble,  partly  soluble,  or  in¬ 
soluble,  or  whether  there  is  any  color 

in  the  solvent  or  resin. 

Test  II.  Liebermann-Storch  Reaction.  Place  a  small 
fragment  of  resin  on  a  spot  plate  and  cover  with  a  few  drops  of 
acetic  anhydride.  Now  add  1  drop  of  concentrated  sulfuric  acid, 
so  that  it  enters  the  liquid.  Note  the  color  reactions  in  the  liquid 
and  on  the  resin  surface.  Observe  over  a  period  of  half  an  hour. 
List  the  colors  in  the  order  of  their  formation. 

Test  III.  Odor  on  Carbonate  Fusion.  This  test  suppresses 
the  acid  constituents  in  the  volatile  decomposition  products  and 
allows  some  odors  to  be  more  readily  recognized. 

Fuse  a  piece  of  resin  with  1.25  cm.  (0.5  inch)  of  anhydrous 
sodium  or  potassium  carbonate  in  a  test  tube.  Note  odors, 
fumes,  and  tendency  to  char. 

Test  IV.  Nitrate.  Dissolve  a  few  crystals  of  diphenylamine 

in  about  0.5  cc.  of  90%  sul¬ 
furic  acid  and  place  a  drop  of 
this  reagent  on  a  piece  of  the 
resin  on  a  spot  plate.  An  im¬ 
mediate  intense  blue  color  in¬ 
dicates  nitrocellulose  or  esters  such  as  cellulose  nitroacetate. 
Even  a  few  per  cent  of  nitrocellulose  in  another  resin  will  yield 
this  test,  but  the  color  will  develop  more  slowly. 


56.1  X  normality  of  NaOH  X  cc.  of  NaOH  used  by  sample 
weight  of  sample 


(cc.  of  NaOH  blank  —  cc.  of  NaOH  sample)  X  56.1  X  normality  of  NaOH 

weight  of  sample 
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Table  VII.  Properties  of  Resins  in  Group  C 


Test 


No. 

Property  Sought 

M.S. 

I 

Solubility 

95%  ethanol 

S 

Acetone 

S 

Ether 

P.S 

Ethyl  acetate 

s 

Dioxane 

s 

Pyridine 

s 

Acetic  acid 

s 

Carbon  tetrachloride 

I 

Tetrachloroethane 

s 

Benzene 

s 

10%  NaOH 

P.S 

Hot  water 

I 

II 

Liebermann-Storch 

Neg. 

III 

Carbonate  fusion 

Odor 

Formaldehyde 

Char 

Pos. 

Fume 

SI. 

VI 

Odor  on  ignition 

Formaldehyde 

Char 

Pos. 

Fume 

si. 

Distillate 

si. 

XI 

Formaldehyde 

Deep  violet 

Refractive  index  20°  C. 

1.59 

20°  C 

Specific  gravity  2QO  c'- 

1.36 

Sulfonamide  Resins" 


M.H.P. 


K 


S 

S 

s 

s 

s 


s 

s 

r 

s 

s 

s 

I 

Neg. 


Formaldehyde  +  aro¬ 
matic 

Pos. 

SI. 

Formaldehyde  +  aro¬ 
matic 

Pos. 

SI. 

SI. 

Deep  violet 
1.596 
1.35 


S 

S 

Sl.S.G. 

P.S.G. 

S 

s 

s 

IG 

s 

s 

I 

I 

Neg. 


Formaldehyde  +  aro¬ 
matic 

Pos. 

SI. 

Formaldehyde 


Pos. 

V.S1. 

SI. 

Violet 

1.56 

1.31 


Gelatin,  Glue, 
Albumenoids 


I 

I 

I 

I 

I 

r 

IG 

i 

i 

i 

p.s 

s 

Neg. 

Burning  hair  +  NH; 

Pos. 

V.S1. 

Burning  hair 


Heavy 

Nil 

Neg. 


°  Monsanto  designations.  M.S.,  soft,  low  melting  point  solid.  M.H.P. ,  solid,  softening  about  62°  C.  K,  viscous  fluid. 


Casein-F  ormalde- 
hyde  Resin 


See  under  Group 
B.  Sulfur  test 
weakly  positive 


Tabic  VIII.  Separation  of  Group  D“ 

(Halogens  and  nitrogen  absent,  sulfur  present) 

Test  solubility  in  pyridine 

Soluble:  Organic  Insoluble:  Test  solubility  in  carbon  tetrachloride 
polysulfides. 

Confirm  by 
Test  VI 


Soluble:  Isobutylene 

copolymer  with  di¬ 
olefins.  Confirm  by 
weak  sulfur  test, 
Test  VI,  and  solu¬ 
bility  in  tetrachloro- 
ethane  and  benzene 


Insoluble:  Vulcanized  rubber. 

Confirm  by  Test  VI.  Be¬ 
ware  of  compounded  buta¬ 
diene-styrene  copolymer. 
Odor  of  Test  VI  not  strong 
with  this  resin 


°  Some  crude  dark  cumarone  resins  and  possibly  others  will  show  strong 
test  for  sulfur.  If  solubilities  show  substance  definitely  foreign  to  this  groupT 
ignore  sulfur  test  and  proceed  to  test  for  other  groups. 


Tabic  IX.  Properties  of  Resins  in  Group  D 


Test 

No.  Property  Sought 

I  Solubility 

95%  ethanol 

Acetone 

Ether 

Ethyl  acetate 

Dioxane 

Pyridine 

Acetic  acid 

Carbon  tetrachloride 

Tetrachloroethane 

Benzene 

II  Liebermann-Storch 


VI  Odor  on  ignition 
Char 
Fume 
Distillate 


Organic  Polysulfide 
Rubber 


Vulcanized 

Rubber 


I 

I 

I 

I 

S 

s 

I 

I 

s 

I 

Pale  red  violet  to  brown 
to  dark  red  brown 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


Neg. 


Mercaptan  +  pungent  Burning  rubber 
Pos.  Pos. 

Heavy  yel.  Heavy  yel. 

Cons.  Nil 


Refractive  index  20°  C. 

20°  C 

Specific  gravity  -QO  ' 


1.34 


1.52 

1.1-1.18 


Test  V  Carboxylic  Esters  (5).  Place  a  small  piece  o 
resin  in  a  clean  test  tube  and  add  1  cc.  of  6%  alcoholic  (water 
white)  sodium  or  potassium  hydroxide,  then  1  drop  of  a  satu 
rated  alcoholic  solution  of  hydroxylamine  hydrochloride.  Shak* 
and  let  stand  5  minutes.  Heat  for  about  30  seconds  while  boil- 
mg,  add  1  drop  of  1%  aqueous  ferric  chloride  solution,  and  adc 
carefully  just  sufficient  10%  aqueous  hydrochloric  acid  to  dis 
solve  the  ferric  hydroxide  precipitate;  then  cautiously  add  £ 
tew  drops  in  excess.  A  strong  violet  color  indicates  carboxylii 
acid  esters.  The  color  may  be  so  strong  that  dilution  with  watei 
is  necessary  in  order  to  note  it. 


Isobutylene 

Copolymer 

with 

Diolefins 


Too  much  hydrochloric  acid  will  destroy  the  color  and  is  to  b< 
avoided,  but  in  negative  tests  a  sufficieni 
excess  should  be  added  (1  cc.)  drop  bj 
drop  to  remove  all  doubt  of  the  possibility 
that  it  is  insufficient. 

Test  VI.  Odor  on  Ignition.  Heat  £ 
piece  of  resin  strongly  in  a  test  tube,  anc 
note  odor,  fumes,  charring,  and  present 
of  distillate. 

Test  VII.  Test  for  Phthalates 
Heat  about  1  gram  of  resin  with  aboul 
2  to  3  grams  of  pure  phenol  plus  5  drop; 
of  concentrated  sulfuric  acid  until  the 
melt  turns  orange  or  brown.  Cool,  dilute 
with  water,  and  render  alkaline  with  10^ 
aqueous  sodium  hydroxide.  Characteristic 
red  color  of  phenolphthalein  indicates  the 
presence  of  phthalates. 

This  test  is  preferred  to  the  fluorescein 
test  for  phthalates  and  is  less  subject  tc 
error  due  to  inexperience. 

Test  VIII.  Test  for  Phenolic  Resins 
This  is  the  reverse  of  the  test  for  phthalates, 
Heat  about  1  gram  of  resin  with  about 
1  gram  of  phthalic  anhydride  and  3  drop; 


Neg. 


SI.  aromatic 

SI. 

Cons,  white 

SI. 


1.52 

0.92 


Table  X.  Separation  of  Group  E 


Apply  Test  II 

Resin  slowly  turns  green 

Saponification  Nos. 

325-500,  polyvinyl 
alcohol  -  acetate, 
with  high  poly¬ 
vinyl  acetate. 
Acetyl  No.  high 


(Halogens,  nitrogen,  and  sulfur  absent.  Saponification  Nos.  over  325) 


Saponification  Nos.  500-700, 

polyvinyl  esters.  Apply 


Test  XI 


Red  color, 
polyvinyl 
acetate. 
Confirm 
by  char¬ 
acteristic 
odor.  Test 
VI 


Negative  or 
pale  violet 
or  orange, 
vinyl  ester 
copolymers 


Resin  slowly  turns  slightly  brown. 


Apply  Test  V 

Red  violet  color, 
cellulose  ace¬ 
tate.  Confirm 
by  Tests  VI 
and  XI.  In¬ 
soluble  in  ben¬ 
zene 


Negative,  poly¬ 
methyl  acry¬ 
late.  Confirm 
by  Test  VI. 
Soluble  in 
benzene 


Color  of  liquid 
changes  to  deep 
orange,  polybasic 
acid  from  rosin. 
Confirm  by  Tests 
VI  and  XI.  Solu¬ 
tion  in  hot  phenol 
and  3  drops  of  H2- 
SOi  gives  brilliant 
red  which  disap¬ 
pears  on  adding 
NaOH 


Negative.  Apply  Test  XI 


Strong  red,  cel¬ 
lulose  ace¬ 
tate.  Con¬ 
firm  by  Tests 
XIII  and  VI 


Pale  yellow  or 
n  egative, 
c  ell u  1  ose 
aceto  -  pro¬ 
pionate  or 
butyrate. 
Confirm  by 
Test  VI 
and  s  o  1  u- 
bility 


jptember,  1944 


ANALYTICAL  EDITION 


545 


Test 

No. 

I 


II 

V 

VI 


XI 

XIII 


Table  XI.  Properties  of  Resins  of  Group  E 

Polyvinyl  Resins _ 

Copolymers  of  _  Cellulose  Esters 


vinyl  acetate 

High  acetate 

Property  Sought 

Polyvinyl 

and  fumarates 

polyvinyl 

acetate 

or  maleates 

alcohols 

Solubility 

95%  ethanol 

s 

S-IG 

S-P.S.G. 

Acetone 

s 

S-S1.S.G. 

IG 

Ether 

IG 

IG-I 

IG 

Ethyl  acetate 

s 

S-I 

IG 

Dioxane 

s 

S-S1.S.G. 

IG 

Pyridine 

s 

S-S1.S.G. 

S 

Acetic  acid 

s 

S-IG 

S-P.S.G. 

Carbon  tetrachloride 

s 

S-IG 

I 

Tetrachloroethane 

s 

S-S1.S.G. 

S-I 

Benzene 

s 

S-IG 

IG 

Liebermann-Storch 

Resin  slowly 

Resin  slowly 

Resin  slowly 

turns  green 

turns  green 

turns  green 

Carboxylic  esters 

Strong  red 

• 

Strong  red  vio- 

Red-violet 

violet 

let 

Odor  on  ignition 

Characteris- 

Ethereal  + 

Pungent 

Char 

tic  pungent 

pungent 

Pos. 

Pos. 

Fume 

Heavy  yel. 

Heavy  yel. 

Heavy 

Distillate 

V.Sl. 

SI. 

V.Sl. 

Formaldehyde 

Red 

Neg.  or  red  to 

Neg.  to  V. 

Acetates 

orange 

pale  red 

Purple  to 

Blue  to  black 

Purple 

black 

Acid  No. 

4.6 

4.8 

4 

Saponification  No. 

600 

400-600 

325-540 

Refractive  index  20°  C. 

1.47 

1.47-1.51 

20°  C 

Specific  gravity  --Q— ~  ■ 

1.19 

1.2-1.26 

High  acetyl 

Cellulose 

Cellulose 

Poly- 

Rosin 

acetopro- 

aceto- 

methyl 

Polybasic 

cellulose  acetate 

pionate 

butyrate 

Acrylate 

Acid 

i 

I 

i 

IG 

s 

S-IG 

S 

s 

S 

S 

I 

I 

I 

IG 

S 

S-I 

s 

s 

S 

s 

s 

s 

s 

s 

s 

S-P.S.G. 

s 

s 

s 

s 

P.S.G. 

s 

s 

s 

s 

P.S.G.-I 

I 

IG 

IG 

IG 

s 

s 

s 

s 

P.S.G. 

IG 

I 

IG 

s 

IG 

Neg.  or  resin 
slightly  brown 

Neg. 

Neg. 

Resin  §lowly 
turns  light 

Dark  orang 

brown 

Strong  red  vio- 

Strong  red 

Strong  red 

Neg. 

Neg. 

let 

violet 

violet 

Burning  paper 

Burning 

Burning 

Acrylate 

Pine 

Pos. 

paper 

paper 

Pos. 

Pos. 

Pos. 

V.Sl. 

si. 

Cons. 

Heavy 

Heavy 

Nil 

Nil 

wrhite 

white 

SI. 

V.Sl. 

Much 

Complete 

Red 

Pale  Yel. 

Neg. 

Neg. 

Orange 

Red  orange 

Neg. 

Neg. 

Red  orange 

Neg. 

5 

2 

3 

3 

29 

550 

500 

500 

375 

354 

1.48 

1.47 

1.49 

1.49 

1.27 

1.29 

1.20 

1.2 

1.15 

it  solubility  in  ether 

oluble:  Test  solubility  in  acetone 

oluble:  Do  Test  VI 


or:  Oily  and 
icrolein,  phenol 
.nd  oil-modified 
■lkyd.  Confirm 
>y  Tests  II  and 
fll 


Odor:  Character¬ 
istic  pungent, 
polyvinyl  alco¬ 
hol,  medium 
acetate  type. 
Confirm:Soluble 
in  water.  Tests 
XI  and  XIII 


Table  XII.  Separation  of  Group  F 

(Halogens,  nitrogen,  and  sulfur  absent.  Saponification  Nos.  120  to  325) 


Soluble:  Test  solubility  in  95%  ethanol 

Partly  soluble  gel.  Do  Test  VI  Soluble:  Apply  Test  VI 


Odor:  Formalde¬ 

hyde,  regular 
alkyd.  Confirm 
by  Test  VII 


Odor:  Acrolein 
and  oily,  oil- 
modified  al¬ 
kyd.  Confirm 
by  Test  VII 


Odor:  Butalde- 

hyde,  poly¬ 
vinyl  butylal 
or  coaeetal. 
Confirm  by 
Tests  III,  XI, 
and  XIV 


Odor:  Character¬ 
istic  pungent, 
polyvinyl  ace¬ 
tal  of  low  hy¬ 
drolysis.  Con¬ 
firm  by  Tests 
III,  XI,  and 
XIV 


Soluble:  Apply  Test  VII 


Negative:  Butyl 

phenol  formalde¬ 
hyde.  Confirm 
by  Tests  I,  II, 
VI,  and  XIV 


Positive:  Oil- 

modified  al¬ 
kyd.  Confirm 
by  Tests  II, 
VII,  and  XII 


Test 

No.  Property  Sought 

I  Solubility 

95%  ethanol 

Acetone 

Ether 

Ethyl  acetate 

Dioxane 

Pyridine 

Acetic  acid 

Carbon  tetrachloride 

T  etrachloroe  thane 

Benzene 

II  Liebermann-Storch 


III  Carbonate  fusion 
Odor 

Char 

Fume 

V  Carboxylic  esters 
VI  Odor  on  ignition 

Char 
Fume 
Distillate 
VII  Phthalates 
IX  Phenols 
XI  Formaldehyde 
XII  Xanthoproteic  reaction 
till  Acetates 


XIV  Aldehydes 


Acid  No. 

Saponification  No. 
Refractive  index  20 
20 

Specific  gravity 


20°  C 


Table  XIII.  Properties  of  Resins  in  Group  F 


Polyvinyl 
Acetals,  70% 
Hydrolysis 


Polyvinyl 
Coacetal, 
BuH-AcH, 
20%  Ac, 
12%  OH 


Polyvinyl 

Alcohols, 

Medium 

Acetate 

Type 


Butyl 

Phenol 

Formaldehyde 


Regular 


Alkyds _ 

Oil-  Phenol  and 

modified  oil-modified 


S 

S 

IG 

S 

S 

S 

s 

IG 

s 

s 

Resin  orange  to 
dark  brown 


S 

S 

IG 

S 

S 

s 

s 

IG 

s 

IG 

Resin  red  to 
red  brown 
to  brown 


I 

P.S.G. 

P.S.G. 

P.S.G. 

IG 

I 

S 

S 

S 

I 

I 

S 

Sl.-P.S.G. 

S-I 

I 

I 

s 

s 

I 

s 

s 

I 

s 

s 

I 

s 

s 

I 

s 

IG 

Y 

I 

I 

s 

s 

I 

s 

IG 

Resin  light 

Violet  to  brown  to 

Usually  neg. 

Brown  to 

Red  to  brown 

brown  to 
red  brown 

red  brown  to 
muddy  green 

rarely  brown 

dark  brown 

red  to  dark 
brown 

Pungent  AcH 

Pungent  BuH 

Pos. 

Pos. 

Heavy 

Heavy 

Red  violet 

Red  violet 

Pungent  char¬ 
acteristic 

Pungent  BuH 

Pos. 

Pos. 

Heavy 

Heavy 

Cons. 

Nil 

Red 

Orange 

Neg. 

Neg. 

Red  to  green  to 
blue 

Slowly  green 

Red  violet 

Red  violet 

6 

8 

255 

140 

1.46 

1.16 


Pungent 

Balsam  +  formal¬ 
dehyde 

Formaldehyde 
+  musty 

Pos. 

Pos. 

Pos. 

Heavy 

Heavy 

V.Sl. 

Red  violet 

Neg. 

Violet 

Violet 

Red  violet 

Pungent  char¬ 
acteristic 

Phenol  or  cresol 

Formaldehyde 

Oily  +  acro¬ 
lein 

Oily  +  acre 
lein 

Pos. 

Pos. 

SI. 

Nil 

Pos. 

Heavy 

Heavy  brown 

V.Sl. 

SI. 

SI. 

Nil 

Cons. 

Much 

Complete 

Cons. 

Neg.  or  weak  pos. 

Strong  pos. 

Pos. 

Pos. 

Red 

Neg. 

Neg. 

Neg. 

Red 

V.Sl.  violet 

Neg. 

Neg. 

Neg. 

Neg. 

Pos. 

Neg. 

Neg. 

Neg. 

Violet  to  blue 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Red  violet 

Neg. 

Weakly  pos. 

Neg. 

4 

2 

20-50 

25-50 

10-30 

120-325 

125 

150-250 

140-225 

150-250 

1.51-1.55 

1.66 

1.57 

.... 

.... 

1.28-1.31 

1.099 

1.32 
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Table  XIV.  Separation  of  Group  G 

(Halogens,  nitrogen,  and  sulfur  absent.  Saponification  Nos.  less  than  120.  Acetyl  Nos.  over  40) 

A.  Test  solubility  in  hot  water 

Soluble:  Test  solubility  in  benzene  Insoluble:  Test  solubility  in  carbon  tetraehlTide  (B) 

Soluble:  Polyethylene  Insoluble:  Apply  Test  V 

glycol  waxes.  Confirm:  Positive:  Polyvinyl  Negative:  Methyl 

Soluble  in  dioxane,  in-  alcohols,  less  than  cellulose.  Confirm 

soluble  in  ethyl  acetate  l0w  acetate  type.  by  Tests  II,  VI,  and 

Confirm  by  Tests  XIII 
II  and  XIII 


B.  Solubility  in  carbon  tetrachloride 
Soluble:  Test  solubility  in  ether 
Insoluble:  Phenylphenol  Soluble:  Do  Test  IX 
formaldehyde  resin.  Negative:  Do  Test  XII 
Confirm  by  Tests  \  I  ega tive :  Ethyl  Positive:  Phenol  in- 

ana  Alt  cellulose.  Confirm  dene  eumarone. 

by  Tests  II  and  VI  Confirm  by  Tests 
II  and  VI 


C.  Solubility  in  ethyl  acetate 


Soluble:  Do  Test  VI 

Odor  of  burning  paper, 
ethyl  cellulose.  Con¬ 
firm  by  Tests  II  and 
XIV 


Any  other  odor:  Test  solubility  in  ether 
Soluble 


Odor  of  Test  VI  ere- 
sol.  Shows  cresol 
acetaldehyde. 
Confirm  by  Tests 
II,  IX,  and  XII 


Odor  of  Test  VI  slight. 
Shows  modified 
rosin.  Confirm  by 
Test  II.  Resin  is 
dark  red  color 


D.  Solubility  in  acetic  acid 
Soluble:  Test  solubility  in  benzene 

Soluble:  Test  solubility  in  95%  alcohol 


Soluble:  Do  Test  XI 

Brown:  Polyvinyl  ace¬ 

tal.  Saponification 
No.  30.  Confirm  by 
Tests  II,  V,  VI,  and 
XIV 


Red:  Polyvinyl 

butylal.  Acetyl 
No.  about  150. 
Confirm  by  Tests 
II,  V,  VI,  and 
XIV 


Insoluble:  Polyvinyl 
butylal.  Acetyl 
No.  about  100. 
Confirm  by  Tests 
II,  V,  VI,  XI,  and 
XIV 


Insoluble:  Test  solubility  in  ethyl  acetate  (C 


Positive:  Test  solubility  in  95%  ethanol 
Soluble:  Substi-  Insoluble:  Butyl 

tuted  phenol  phenol  formalde- 
formaldehyde.  hyde.  Confirm 

Confirm  by  Tests  by  Tests  VI  and 

II,  XII,  and  XIV*  XII 


Insoluble:  Test 

solpbility  in 
acetic  acid  (D) 


Insoluble:  Test  solubility  in  acetic  acid 


Soluble:  Do  Test  XI 


Violet,  polyvinyl 
formal.  Saponi¬ 
fication  No.  20. 
Confirm  by  Tests 
II,  V,  and  VI 


Red,  polyvinyl 
butylal.  Ace¬ 
tyl  No.  about 
250.  Confirm 
by  Tests  II,  V, 
and  VI 


Insoluble:  Phenol) 
resin.  Confirm  b 
Tests  VI,  XI,  XI 
and  XIV 


Insoluble:  Poly¬ 

vinyl  formal. 
Saponification 
No.  about  100. 
Confirm  by  Tests 
II,  V,  VI,  and  XI 


Insoluble:  Test  solubility  in  95%  alcohol 


Soluble:  Rosin 

modified  al- 
kyd.  Confirm  by 
Tests  II  and  VI 


Insoluble:  Benzyl 

cellulose.  Con¬ 
firm  by  Tests  II, 
VI,  and  XIV 


of  concentrated  sulfuric  acid  until  a  rich  brown  melt  develops, 
cool,  dilute  with  water,  and  render  alkaline  with  10%  aqueous 
sodium  hydroxide.  Characteristic  red  color  of  phenolphthalein 
indicates  presence  of  phenols.  In  cases  where  tarry  matter  ob¬ 
scures  the  color,  dilute  with  water  and  confirm  by  discharging 
the  color  by  acid.  All  phenolics  tested,  with  the  exception  of 
an  oil-modified  one,  gave  a  positive  reaction  with  this  test. 

Test  IX.  Millon’s  Reagent  for  Phenolic  Resins.  Pre¬ 
pare  the  reagent  by  dissolving  10  grams  of  mercury  in  10  grams  of 
fuming  nitric  acid  without  heating,  then  dilute  with  twice  its 
volume  of  water,  and  filter  off  any  precipitate,  or  allow  it  to 
settle. 

Heat  a  small  piece  of  resin  with  1  cc.  of  clear  reagent  and  boil 
about  2  minutes.  A  red  color  indicates  phenols. 

As  the  test  is  characteristic  of  the  phenol  group  it  is  also  given 
by  some  proteins.  The  absence  of  nitrogen  will,  however,  direct 
the  test  to  phenolic  resins.  A  few  phenolic  resins  fail  to  yield  a 
positive  test. 

Test  X.  Cumarone-Indene  Resins.  This  is  a  modified 
form  of  Ellis  test  (2,  p.  1261  footnote;  3).  With  the  latter  it 
was  found  very  difficult  to  decide  whether  the  color  was  due  to 
bromine  or  the  resin.  The  modification  gives  a  positive  test  with 
the  usual  eumarone  resins  but  is  negative  with  the  low  molecular 
weight  polymers. 

Dissolve  0.1  to  0.5  gram  of  resin  in  10  cc.  of  chloroform,  add  1 
cc.  of  glacial  acetic  acid  and  1  cc.  of  10%  bromine  solution  in 
chloroform,  and  let  stand  overnight.  A  red  color  indicates 
eumarone  resins. 

Do  a  blank  at  the  same  time. 

Using  1  cc.  of  the  highly  colored  solution,  add  about  1  to  2  cc. 
of  0.1  N  sodium  thiosulfate  and  shake  vigorously.  The  blank  will 
discharge  to  a  fight  yellow  color  in  the  chloroform  layer.  A  red 
color  in  the  chloroform  layer  is  evidence  of  the  presence  of  high 
or  medium  molecular  weight  eumarone  resins. 

Test  XI.  Formaldehyde  (6).  Mix  a  small  piece  of  resin 
and  2  cc.  of  72%  sulfuric  acid  (100  cc.  of  water  and  150  cc.  of 
concentrated  sulfuric  acid)  plus  a  few  crystals  of  chromotropic 
acid  and  heat  by  standing  the  test  tube  in  a  beaker  of  water  at 
60°  to  70°  C.  for  10  minutes.  Run  a  blank  at  the  same  time  to 
avoid  chance  contamination  from  the  laboratory  air.  A  bright 
violet  color  indicates  formaldehyde.  Note  the  color  after  stand¬ 
ing  1  hour  at  room  temperature. 

Test  XII.  Xanthoproteic  Reaction.  This  test  depends 
upon  the  presence  of  a  phenyl  group  and  is  usually  used  to  iden¬ 
tify  certain  proteins  which  contain  it.  It  is  also  shown  by  some 
oils  and  phenolic  resins.  It  is  sometimes  useful  as  a  confirmatory 
reaction. 

Warm  a  small  piece  of  resin  with  concentrated  nitric  acid  for 
several  minutes,  cool,  and  add  an  excess  of  ammonium  hydroxide. 


In  the  presence  of  a  phenyl  group  the  nitric  acid  is  yellow,  chanf 
ing  to  an  orange  on  addition  of  the  ammonum  hydroxide. 

Test  XIII.  Acetates  (7).  Add  a  5%  aqueous  solution  < 
lanthanum  nitrate  and  1  drop  of  0.1  N  iodine  solution,  followe 
by  a  drop  of  concentrated  ammonium  hydroxide,  to  a  piece  < 
the  resin  on  a  spot  plate. 

In  the  presence  of  acetates  or  propionates  a  brown  or  bli 
coloration  quickly  develops  in  the  resin.  This  may  occur  befoi 
the  ammonium  hydroxide  is  added  and  indicates  addition  of  i< 
dine  to  the  resin. 

When  in  doubt,  warm  a  piece  of  resin  with  a  few  drops  of  coi 
centrated  hydrochloric  acid  in  1  cc.  of  water  for  about  10  minub 
and  apply  the  test  to  about  0.5  cc.  of  the  water,  making  sure  su 
ficient  ammonium  hydroxide  is  added  to  render  it  ammoniaca 

Test  XIV.  Aldehydes  in  Acetals  (4).  Heat  a  small  piec 
of  resin  plus  1  cc.  of  reagent  and  0.4  cc.  of  concentrated  sulfur 
acid  on  a  steam  bath  for  2  to  3  minutes,  then  cool.  Add  a  fe 
drops  of  pure  methanol  and  a  layer  of  chloroform,  then  0.5  c 
of  concentrated  hydrochloric  acid,  and  shake  the  tube  well.  1 
the  presence  of  aldehydes  a  red  to  purple  color  appears  in  tl 
chloroform. 

Reagent:  0.01  gram  of  azobenzene  phenylhydrazine  sulfon 
acid  in  100  cc.  of  distilled  water. 


CLASSIFICATION  ACCORDING  TO  TYPES  AND  GENERAL  REACTION: 

Where  the  substance  does  not  appear  to  give  the  comfirmatoi 
tests  following  its  systematic  separation  by  the  above  scheme,  ■ 
where,  because  of  its  history,  distinction  between  only  a  fe 
substances  is  required,  this  classification  according  to  type 
with  the  reactions  generally  shown  by  them,  will  be  four 
useful: 

Acrylate  Resins.  Light-colored  resins.  n2D°  about  1.4 
Specific  gravity  1.2.  Usually  without  filler.  Soluble  in  aceton 
esters,  benzene;  insoluble  in  CCL,  95%  ethanol,  ether.  Te 
VI,  sickly  sweet  odor  of  monomer,  with  practically  complete  di 
tillation. 

Alkyd  Resins.  Usually  fight  color.  n2D°  1.54-1.59.  Speed 
gravity  1.1-1. 4.  Test  II,  usually  brown.  Test  V,  usually  pos 
tive.  Test  VI,  formaldehyde,  oily  or  acrolein  odor,  considerab 
distillation.  Test  VII,  usually  positive.  Usually  insoluble 
95%  ethanol,  ether,  CC14. 

Amino  and  Protein  Resins.  Usually  light-colored.  n2D°  1.5 
Specific  gravity  1.1-1.35.  All  are  insoluble  in  the  solvents  list* 
except  melamine-formaldehyde,  which  is  soluble  in  pyridine  > 
acetic  acid,  and  gelatin  which  is  water-soluble. 
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Tabic  XVI.  Separation  of  Group  H 


A.  Test  solubility  in  ether 


(Halogens,  nitrogen,  and  sulfur  absent.  Saponification  Nos.  less  than  120.  Acetyl  Nos.  less  than  40) 


Soluble:  Test  solubility  in  95^  ethanol 


Insoluble:  Test  solubility  in  acetic  acid  (I 


Soluble:  Test  solubility  in  acetic  acid 


Insoluble:  Test  solubility  in  dioxane 


Soluble:  Test  for  acid  No. 


Insoluble:  Do  Test  XII 


Acid  No.  low, 
ethyl  abie- 
tate.  Confirm 
by  Tests  il 
and  IV.  Resin 
is  viscous 
fluid 

B.  Solubility  in  acetic  acid 

Soluble:  Poly-  Insoluble:  Apply  Test  X 


Acid  No.  over  100, 
hydro  g  e  n  a  t  e  d 
rosin.  Confirm  by 
Tests  II  and  VI. 
Resin  is  brittle. 
Solid 


Positive:  Dihy- 
dromethyl 
abietate.  Con¬ 
firm  by  Test 
VI.  Only 
partly  soluble 
in  pyridine 


Negative: 
polymer 
marone 
Confirm 
Test  VI. 


Low- 

cu- 

oil. 

by 

Solu¬ 


ble  in  pyridine 


Insoluble:  Ter- 

pene  resin. 
Confirm:  Sol¬ 
uble  in  li groin, 
insoluble  in  py¬ 
ridine  or  ace¬ 
tone 


Soluble:  Do  Test  X 


Positive:  Cuma- 
rone  or  poly- 
indene  resins. 
Confirm  by 
Tests  II  and 
VI 


methyl  methacryl¬ 
ate.  Confirm  by 
Test  VI.  Soluble 
in  CCU 


Soluble:  Poly¬ 
styrene.  Con¬ 
firm  by  Tests 
II  and  VI. 
Insoluble  in 
acetone 


Insoluble:  Test  solubility  in  benzene 


Positive:  High  Negative:  Test  solubility  in  dioxane 
m.p.  cuma- 
rone  resin. 

Confirm  by 
Tests  II  and 
VI 


Soluble 


Resin 

dark  and  may 
contain  some 
sulfur,  isobutyl¬ 
ene  copolymer 
with  diolefins. 
Confirm  by 
Test  VI.  Solu¬ 
ble  in  CCU 


usually  Resin  light  col¬ 
ored,  polyiso- 
butylene.  Con¬ 
firm  by  Test 
VI.  Soluble  in 
CCU 


Negative:  Do  Test  II 


Negative  or  pale 
orange,  hydro¬ 
genated  cu- 
marone  indene 
resin.  Con¬ 
firm  by  Tests 
VI  and  XIV. 
Light  -  colored 
resin,  insoluble 
in  acetone  and 
ligroin 


Insoluble:  Buta¬ 
diene  -  styrene 
copolymer. 
Confirm  by 
Tests  II  and 
VI.  Insoluble 
in  CCU 


Positive:  Red  i 

purplish  red,  ms 
change  to  gree 
or  brown,  cum 
rone  resin.  Lo 
m.p.  semifluid  re 
ins  are  “soil 
type.  Hard 
solids  “mediun 
type.  Confirm  t 
Tests  VI  and  2 
Mostly  soluble  ; 
ligroin 


Test  III,  NH3  with  burning  hair  odor  characteristic  of  all  ex¬ 
cept  melamine-formaldehyde  which  gives  a  formaldehyde  odor. 
Test  VI,  similar  to  Test  III.  Test  XI,  positive  with  urea-form¬ 
aldehyde,  melamine-formaldehyde,  casein-formaldehyde.  Neg¬ 
ative  with  polyamide  resin  and  gelatin.  Test  XII,  positive  with 
gelatin  and  casein-formaldehyde  resins  only. 

Cellulose  Esters.  Usually  light  color.  n2D°  1.47-1.51.  Spe¬ 
cific  gravity  1.2-1. 4.  Nitrocellulose  bums  rapidly,  other  esters 
bum  slowly;  former  yields  Text  IV.  Test  V,  positive  except  for 
nitrocellulose.  Test  VI,  odor  of  burning  paper.  Test  XI, 
negative  to  red.  Saponification  No.,  500  to  550. 

Cellulose  Ethers.  Usually  light  color.  n2D°  1.47.  Specific 
gravity  1.10-1.25.  Solubilities  vary  according  to  ethoxyl  con¬ 
tent,  higher  ethoxyl  being  more  soluble.  Methylcellulose  soluble 
in  hot  water  and  insoluble  in  most  other  solvents.  Test  VI, 
odor  of  burning  paper  accompanied  by  benzaldehyde  odor  in 
case  of  benzyl  cellulose.  Test  XIV,  usually  positive. 

Chlorinated  Diphenyls.  Usually  light  color,  vary  from  thin 
liquids  to  hard  solids.  n\°  1.61-1.71.  Specific  gravity  1.34- 
1.95.  Yield  strong  halogen  test.  Soluble  in  all  solvents  fisted 
in  Table  II.  Test  VI,  slight  acrid  odor,  much  distillation. 

Cumarone-Indene  Resins.  Vary  from  fight-  to  dark-colored 
liquid  or  solid  resins.  7i2D°  1.6-1.66.  Specific  gravity  1.01-1.15. 


Insoluble  in  95%  ethanol  and  acetic  acid.  Usually  soluble  : 
ether,  acetone,  esters,  dioxane,  or  pyridine. 

Test  II,  red  color  characteristic  which  may  change  to  brown  < 
violet,  rarely  to  green.  Test  VI,  indenelike  odor  and  almo! 
complete  distillation.  Test  X,  positive  with  higher  molecul: 
weight  polymers.  Hydrogenated  cumarone  resin  insoluble  : 
acetone  and  Test  II  weak  orange;  otherwise  similar. 

Phenolic  Resins.  Vary  from  fight  to  dark  resins,  usually  solid 
n2D°  1.47-1.7.  Specific  gravity  1.1-1.27.  Mostly  soluble  in  pyi 
dine,  acetone,  ether,  tetrachloroethane,  dioxane,  and  ethyl  ac 
tate,  but  usually  insoluble  in  95%  ethanol.  Heat-reacted  fora 
may  be  insoluble  in  all  solvents. 

Test  II,  may  be  negative  but  browns  predominate.  Test  V 
odor  of  phenol  or  formaldehyde  with  considerable  distillatio 
Test  IX,  frequently  positive.  Test  XII,  positive.  Test  XI’ 
frequently  positive. 

Resin  Products.  Straw  to  highly  colored  liquids  and  solid 
n2D°  1.52-1.61.  Specific  gravity  1.03-1.22. 

Soluble  in  most  solvents  used  in  solubility  test  with  the  follow 
ing  exceptions:  Polybasic  acid  insoluble  in  CCfi,  benzene.  I 
hydromethyl  abietate,  partially  soluble  in  pyridine  or  acetic  aci 
Red  colored  modified  resin  (Vinsol)  insoluble  in  CCfi  or  benzen 


Table  XVII.  Properties  of  Resins  of  Group  H 

Cumarone  Resins 


Hydrogenated 

High  m.p. 

Test 

Polymethyl 

Terpene 

Low 

Polyindene 

cumarone 

No. 

Property  Sought 

Methacrylate 

Resin 

Polystyrene 

polymer  oil 

indene  resin 

cumarone 

I 

Solubility 

s 

95  %  ethanol 

i 

I 

I 

I 

I 

I 

Acetone 

s 

I 

IG 

s 

s 

i 

s 

Ether 

I 

S 

IG 

s 

s 

s 

S-I 

Ethyl  acetate 

s 

Sl.S.G. 

P.S.G. 

s 

s 

s 

s 

Dioxane 

s 

Sl.S.G. 

S 

s 

s 

s 

s 

Pyridine 

s 

Sl.S.G. 

s 

s 

s 

s 

s 

Acetic  acid 

s 

I 

I 

I 

I 

I 

I 

Carbon  tetrachloride 

I 

s 

s 

s 

s 

S  +  G 

S-I 

Tetrachloroethane 

s 

s 

s 

P.S 

s 

S 

s 

Benzene 

s 

s 

s 

s 

s 

S 

P.S-S 

Ligroin 

I 

s 

I 

.... 

I 

II 

Liebermann-Storch 

Neg. 

Neg. 

Neg. 

Scarlet  to  red 

Bright  red 

Light  orange 

Red  to  pur 

violet 

plish  red  t 
brown 

V 

Carboxylic  esters 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

VI 

Odor  on  ignition 

Sickly  sweet 

Like  coal  gas 

Styrene 

Indene 

Indene 

Indene 

Indene 

odor  of 

monomer 

SI. 

Char 

V.Sl. 

Nil 

Nil 

Nil 

Pos. 

Nil 

Fume 

SI.  white 

V.Sl. 

Cons,  white 

Nil 

Heavy  yel. 

Nil 

SI. 

Distillate 

Complete 

Complete 

Complete 

Complete 

Much 

Complete 

Complete 

X 

Cumarone  resins 

Neg. 

Neg. 

Neg. 

Pos. 

Neg. 

Pos. 

XI 

Formaldehyde 

Neg. 

Neg. 

Neg. 

Orange 

Neg. 

Neg. 

Neg. 

XII 

Xanthoproteic  reaction 

Neg. 

Neg. 

Neg. 

Neg. 

XIII 

Acetates 

Neg. 

Neg. 

Neg. 

Neg. 

XIV 

Aldehyde 

Red 

Acid  No. 

4 

2 

2 

2 

7 

6 

2 

Saponification  No. 

20 

0 

0 

0 

0 

0 

0 

Acetyl  No. 

0 

0 

0 

0 

0 

0 

0 

Refractive  index  20°  C. 

1.49 

1.59 

1.60 

1.6-1.66 

1.6-1.66 

20°  C 

Specific  gravity  2Q0  c 

1.19 

1.05 

1.01 

1.10 

... 

1.10 
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,  Test  II,  red  to  violet  color.  Test  V.  If  any  odor  it  is  pine  or 
alsamlike,  resin  distills  without  residue.  Saponification  number 
>w  except  for  hydrogenated  rosins  and  the  polybasic  acid.  Acid 
umber  over  100  only  in  case  of  the  Vinsol  resin.  Acetyl  number 
3ro  except  for  Vinsol  resin. 

Rubber  and  Rubber  Substitutes.  Halogen  Containing.  Chlo- 
iprene  is  black  rubbery  resin,  characteristic  odor,  insoluble  in 
11  solvents.  Rubber  hydrochloride  and  chlorinated  rubber  light 
ilored.  Former  insoluble  in  all  except  tetrachloroethane;  latter 
jluble  in  ethyl  acetate,  dioxane,  and  pyridine.  Cashew  nut  oil 
olyrner  is  sticky  black  resin  soluble  in  pyridine  only. 

Butadiene  Copolymers.  Black  rubbery  solids.  Butadiene- 
yrene  copolymer  insoluble  in  all  solvents.  Butadiene  acrylo- 
itrile  copolymer  insoluble  in  all  solvents,  contains  nitrogen. 
Polyisobutylenes  and  Copolymers  with  Diolefins.  Light-colored 
fids  to  rubbery  solids.  Copolymers  usually  dark  colored. 
Polysulfide  Rubbers.  Contain  much  sulfur.  Specific  gravity 
34.  Soluble  in  dioxane,  pyridine,  tetrachloroethane.  Test  II, 
■d  violet  changing  to  brown.  Test  VI,  mercaptan  odor,  consid- 
■able  distillate. 

Vulcanized  Natural  Rubber.  Contains  sulfur.  n2D°  1.52. 
pecific  gravity  1.1-1.18.  Insoluble  in  all  solvents.  Test  VI, 
laracteristic  odor  of  burning  rubber,  no  distillate. 

Sulfonamide  Resins.  Light  colored  varying  from  soft  viscous 
aid  to  hard  resins.  w2D°  1.56-1.60.  Specific  gravity  1.31-1.36. 
Dluble  in  most  solvents  shown  in  Table  VI,  insoluble  in  CC14. 
est  XI,  strong  violet. 

Terpene  Resin.  Light-colored  solid.  Soluble  in  ether,  CC14, 
■trachloroethane,  benzene,  ligroin.  Insoluble  in  95%  ethanol, 
:etone,  dioxane,  ethyl  acetate,  acetic  acid.  Test  VI,  odor  like 
>al  gas,  distills  completely. 

Vinyl  Resins.  Halogen-containing.  Strong  test  for  halogen, 
ery  light-colored  solids.  ti2d°  1.53-1.61.  Specific  gravity  1.2- 
75.  Insoluble  in  ligroin  and  benzene.  Test  II,  blue  or  green 
)lor  slowly  develops  in  resin. 

Polyvinyl  Esters.  Colorless  solids.  n2D°  1.47.  Specific  gravity 
19.  Polyvinyl  acetate  soluble  in  all  the  solvents  except  ether 
id  ligroin.  Copolymers  insoluble  in  ether  and  ligroin  but  may 
so  be  insoluble  in  the  other  solvents. 

Test  II,  resin  turns  green;  this  is  characteristic.  Test  V,  red 
olet.  Test  VI,  characteristic  odor,  very  slight  distillate  contain- 
g  the  acid  usually  acetic.  Test  XI,  red  to  negative.  Test 
II,  blue  or  purple  to  black.  Saponification  No.  400  to  600. 
Polyvinyl  Alcohol- Acetate.  Light-colored  resin,  n™  1.47-1.55. 
lecific  gravity,  1.2-1.33.  Low  and  medium  acetates  insoluble 
everything  except  water.  High  acetates  soluble  in  pyridine, 
est  II,  green  to  brown  color.  Test  V,  red  violet.  Test  VI, 
mgent  acidic  odor,  no  distillate.  Test  XIII,  violet  to  blue  or 
lrple.  Acetyl  number,  low  acetate  type,  1080  to  1270, 
iponification  No.:  low  acetate,  0  to  119;  medium  acetate, 
!0  to  325;  high  acetate,  325  to  540. 


Polyvinyl  Acetals.  Light-colored  resins.  w2D°  1.46-1.50. 
Specific  gravity  1.11-1.23.  All  insoluble  in  ether,  CCfi,  ligroin. 
All  soluble  in  dioxane,  pyridine,  tetrachloroethane,  or  acetic  acid. 

Test  II,  usually  brown.  Test  V,  red  violet.  Test  VI,  charac¬ 
teristic  odor  of  aldehyde  indicates  type;  little  distillate.  Test 
XI,  violet  with  formals,  red  or  brown  with  acetals,  red  with 
butyrals.  Test  XIV,  usually  red  violet,  formals  may  be  negative. 

Polystyrene.  Light-colored  resin.  n2D°  1.59.  Specific  gravity 
1.05.  Soluble  in  dioxane,  pyridine,  CC14,  tetrachloroethane, 
benzene.  Insoluble  in  95%  ethanol,  acetone,  ether,  acetic  acid, 
ligroin.  Test  VI,  odor  of  styrene,  complete  distillation.  Saponi¬ 
fication  No.  zero. 
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Table  XVII.  Properties  of  Resins  of  Group  H  ( Continued ) 


Cumarone  Resins  ( Cont'd ) 

Rosin  Products 

Synthetic  Rubbers 

Medium  m.p. 

Soft 

Ethyl 

Dihydro- 

methyl 

Hydrogenated 

Butadiene- 

styrene 

Isobutylene 
copolymer  with 

Poly- 

cumarone 

cumarone 

abietate 

abietate 

rosin 

copolymer 

diolefins 

isobutylene 

i 

i 

S 

s 

s 

i 

I 

I 

I-S 

s 

s 

s 

s 

i 

I 

I 

s 

s 

s 

s 

s 

IG 

I 

Sl.S.G. 

s 

s 

s 

s 

s 

I 

I 

I 

s 

s 

s 

s 

s 

IG 

I 

I 

s 

s 

s 

P.S 

s 

IG 

I 

I 

I 

I 

s 

P.S 

s 

I 

I 

I 

s 

s 

s 

s 

s 

IG 

S 

S 

s 

s 

s 

IG 

s 

s 

s 

s" 

s 

s 

s 

IG 

s 

s 

P.S-S 

s 

IG 

P.S 

Orange  to  brick 

Red  to  purplish 

Red  to  violet  to 

Red  to  violet  to 

Red  to  violet  to 

Pale  blue  to 

Neg. 

Neg. 

red 

red  to  green 
or  brown 

blue  to  black 

Neg. 

purple  to 

green 

Neg. 

green  to  blue 

Neg. 

gray  green 

Neg. 

Like  coal  gas 

Indene 

Indene 

Pine 

Pine 

Faint  balsam 

Slight  styrene 

V.S1.  aromatic 

Nil 

Nil 

Nil 

Nil 

Nil 

Pos. 

SI. 

Nil 

V.S1. 

V.S1. 

Nil 

Nil 

Nil 

Cons,  white 

Cons,  white 

V.S1. 

Complete 

Complete 

Complete 

Complete 

Complete 

Considerable 

SI. 

Nil 

Pos.  to  neg. 

Pos.  to  neg. 

Neg. 

Neg. 

Neg.  to  weak 

Red 

Neg. 

Neg. 

Neg. 

Pale  violet 

violet 

Pos. 

Pos. 

Neg. 

Neg. 

0 

0 

4 

6 

165 

0 

3 

5 

0 

0 

25 

25 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.6-1.66 

1.6-1.66 

1.53 

1.52 

1.53 

0.92 

1 .51 

1.10 

1.10 

1.03 

1.03 

1.06 

6.94 

0.912 

Determination  of  Hydrocyanic  Acid,  Especially 

in  Coke-Oven  Gas 

J.  A.  SHAW,  R.  H.  HARTIGAN,  and  ANNA  M.  COLEMAN,  Mellon  Institute,  Pittsburgh,  Pa. 


The  following  method  for  rapid  and  accurate  determination  of 
hydrocyanic  acid  in  coke-oven  gas  by  a  cyanogen  bromide  pro¬ 
cedure,  with  a  few  changes  should  be  of  fairly  general  applicability 
in  cyanide  analysis.  After  absorption  in  potassium  hydroxide  in  a 
special  type  of  flask  the  sample  is  treated  with  an  ammonium  poly¬ 
sulfide  solution  to  convert  the  cyanides  to  thiocyanates,  thereby 
reducing  the  partial  pressure  of  the  free  acid  radical.  The  solution 
is  then  acidified  at  room  temperature  and  carbon  dioxide  elimi¬ 
nated  without  appreciable  loss  of  thiocyanate.  Most  of  the  gas  is 
removed  from  the  flask  by  at  least  partial  evacuation,  and,  in  the 
order  named,  the  following  reagents  are  added  in  excess:  potas¬ 
sium  bromide-bromate  solution  to  convert  thiocyanic  acid  to  cyano¬ 
gen  bromide,  phenol  solution  to  eliminate  excess  bromine,  and 
potassium  iodide  to  reduce  cyanogen  bromide  and  substitute 
iodine.  As  this  treatment  is  accomplished  in  an  evacuated  cham¬ 
ber,  vapor  pressure  losses  are  zero.  The  liberated  iodine  is  titrated 
with  sodium  thiosulfate  solution.  Studies  were  made  which  es¬ 
tablished  conditions  under  which  the  action  of  the  above  reagents  is 
substantially  immediate.  Laboratory  time  required  for  the  analysis 
is  about  1  5  minutes. 

THE  following  procedure  has  been  tried  by  the  authors  on 
many  laboratory  solutions  and  found  satisfactory  in  contrast 
to  other  methods  recommended  for  the  determination  of  hydro¬ 
cyanic  acid  by  bromination  followed  by  iodometric  titration. 
It  has  been  used  successfully  on  coke-oven  gas,  where  it  is  of 
particular  value  because  of  its  wide  range  of  applicability  with 
respect  to  hydrocyanic  acid  concentrations.  It  also  has  a  dis¬ 
tinct  advantage  in  that  it  integrates  the  analysis  over  a  period 
of  time  as  compared  with  the  procedure  of  Seil  (11)  which  em¬ 
ploys  an  enlarged  Tutwiler  apparatus.  This  superiority  is  partic¬ 
ularly  desirable  as  the  concentration  of  hydrocyanic  acid  in 
coke-oven  gas  often  varies  as  much  as  perhaps  50%  during  a  30- 
minute  interval.  Incidentally,  the  Seil  (11)  method  used  on 
synthetic  solutions  of  pure  potassium  cyanide  standardized 
against  silver  nitrate  gave  results  that  were  16  to  20%  high  for 
quantities  of  hydrocyanic  acid  equivalent  to  a  gas  carrying  20 
to  40  grains  of  hydrocyanic  acid  per  100  cu.  feet,  and  a  single 
test  on  a  2-grain  gas  showed  185%  of  the  amount  present.  This 
appears  to  be  due  to  the  blank  exhibited  by  dilute  iodine 
solutions.  (The  Tutwiler  iodine  used  in  this  test  is  approxi¬ 
mately  0.013  N.)  The  Tutwiler  procedure  permits  of  no  satis¬ 
factory  compensation  for  this  blank,  nor  can  gas  volume  correc¬ 
tions  be  made. 

The  proposed  method  depends  upon  conversion  of  the  cyanide 
or  certain  of  its  derivatives  to  cyanogen  bromide,  reduction  of 
cyanogen  bromide  with  potassium  iodide,  and  titration  of  the 
liberated  iodine  with  sodium  thiosulfate  solution.  Several  such 
procedures  have  been  described  in  the  literature.  In  the  ex¬ 
perience  of  the  author  and  his  associates,  none  of  these  have 
proved  satisfactory,  except  perhaps  under  very  restricted  condi¬ 
tions.  As  the  reactions  involved  have  inherently  great  analytical 
advantages,  a  study  of  them  was  made  which  has  resulted  in  the 
elimination  of  several  sources  of  error,  a  widening  of  the  scope  of 
their  application,  and  a  considerable  decrease  in  the  time  re¬ 
quired  for  analysis.  The  laboratory  time  required  for  this 
analysis  is  about  10  to  15  minutes.  Reproducibility  obtained 
appears,  in  general,  to  be  comparable  to  that  involved  in  mechan¬ 
ical  measurement  of  the  standard  solutions.  This  method 
was  used  to  titrate  a  potassium  thiocyanate  solution  carefully 
standardized  by  the  Volhard  procedure.  The  results  varied  from 


the  Volhard  by  1.5  parts  per  thousand.  For  the  quantitie- 
(20-ml.  titrations)  the  probable  mechanical  error  was  2  parts  pei 
thousand. 

SPECIAL  APPARATUS  AND  SOLUTIONS  REQUIRED 

2  Shaw  sulfur  flasks  (13). 

Potassium  hydroxide  solution,  20%. 

Ammonium  polysulfide  solution,  which  is  prepared  by  taking 
25  to  50  ml.  of  aqua  ammonia,  passing  hydrogen  sulfide  througl 
it  at  the  rate  of  2  to  3  bubbles  per  second,  and  adding  an  excesr 
of  micro  sulfur  to  the  solution.  After  about  15  minutes,  the  solu¬ 
tion  will  be  substantially  saturated  with  sulfur  and  may  be  bottler 
for  use.  The  ordinary  analytical  grade  of  yellow  ammoniuir 
sulfide  is  not  effective  for  this  purpose. 

Hydrochloric  acid,  concentrated  reagent  solution  (1.18  sp.  gr.) 
Bromide-bromate  solution,  125  grams  of  potassium  bromide  anc 
25  grams  of  potassium  bromate  diluted  to  1  liter  with  water,  ap 
proximately  normal  with  respect  to  potassium  bromate.  Pheno 
solution,  approximately  5%  phenol  in  water.  Potassium  iodidt 
solution,  about  50  grams  per  100  ml.  of  solution.  Thiosulfah 
solution,  0.1  N  [0.01  N  for  a  concentration  of  hydrocyanic  acid 
below  1  grain  per  100  cu.  feet  of  gas  (2.832  cu.  meters)  abou 
0.002%  hydrocyanic  acid] .  Starch  indicator  solution. 

PROCEDURE  I 

(For  concentrations  of  hydrocyanic  acid  above  5  grains  pe 
100  cu.  feet,  3.25  grams  per  1000  cu.  feet,  about  0.01%  hydro 
cyanic  acid.) 

Place  20  ml.  of  20%  potassium  hydroxide  solution  in  each  of  tw< 
Shaw  sulfur  flasks,  connect  in  series  for  gas  scrubbing,  and  scrub  th 
gas  at  a  rate  of  not  more  than  2.0  cu.  feet  per  hour,  with  a  meter  a 
the  end  of  the  train.  A  20  X  2.5  cm.  (8  X  1  inch)  test-tube  tra; 
may  be  used  instead  of  the  second  sulfur  flask.  If  the  gas  con 
tains  10  grains  of  hydrocyanic  acid  per  100  cu.  feet,  a  1.0-cu.  foo 
sample  will  give  a  final  titration  of  about  5  ml.  of  0.1  N  thiosulfat 
solution.  It  is  suggested  that  no  more  than  2.5  cu.  feet  of  ga 
be  taken  as  a  sample  because  there  is  danger  that  a  relatively  larg 
amount  of  carbon  dioxide  in  the  gas  will  destroy  the  causti 
alkalinity  and  cause  hydrocyanic  acid  to  escape.  After  readin 
the  meter,  remove  the  train  and  combine  the  scrubbing  solution: 
employing  as  little  wash  water  as  possible.  Add  10  to  15  drop 
of  the  ammonium  polysulfide  solution,  shake  to  mix,  and  let  stan 
2  minutes.  In  special  instances  where  the  volume  of  acid  gase 
present  is  small,  the  polysulfide  treatment  may  be  omitted,  i 
which  case  the  flask  containing  the  caustic  solution  is  evacuate- 
before  subsequent  acidification. 

Remove  the  stopper  and  make  the  solution  in  the  flask  ju: 
acid  by  slowly  adding  concentrated  hydrochloric  acid,  mear 
while  swirling  the  flask  to  mix.  If  no  extra  alkali  (such  a 
ammonia)  is  present,  this  treatment  will  require  about  10  ml.  c 
acid.  The  end  point  is  indicated  by  the  disappearance  of  th 
yellow  color  of  ammonium  sulfide.  Use  a  sufficient  excess  c 
hydrochloric  acid  to  yield  approximately  normal  acidity  at  th 
time  the  potassium  iodide  solution  is  subsequently  added  (8  ml.  ( 
concentrated  hydrochloric  acid  per  100  ml.  of  solution  are  gene) 
ally  satisfactory).  Avoid  high  local  concentrations  of  acid  in  th 
solution.  Cool  the  flask  to  room  temperature  if  necessary,  an 
evacuate.  If  the  solution  is  saturated  with  carbon  dioxide,  th 
operation  must  be  done  carefully  at  first.  The  suggested  pr< 
cedure  is  to  turn  the  channeled  stopper  in  the  flask  to  an  ope 
position  and  to  attach  a  light  suction  to  the  outlet  stopcock,  s 
that  a  gentle  bubbling  takes  place  which  can  be  maintained  b 
progressively  cutting  down  the  size  of  the  opening  in  the  stoppt 
plug. 

Finally  put  on  full  suction,  remove  most  of  the  air,  and  di: 
connect  from  the  suction  line.  Through  the  adjustable  vent  i 
the  funnel  top  of  flask  add  increments  of  potassium  bromidi 
bromate  solution  with  shaking  until  an  excess  of  about  2.0  ni 
of  the  reagent  is  present  after  5  minutes’  standing.  Usuall 
5  to  10  ml.  are  required.  After  a  little  experience  the  depth  < 
bromine  color  in  the  sample  will  be  a  sufficient  guide.  A  lar§ 
excess  of  bromine  should  be  avoided.  Wash  the  funnel  top  wit 
water  to  remove  excess  potassium  bromide-bromate  and  pass  a  fe 
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ops  into  the  flask.  Wash  the  tubes  of  the  flask  also  with  a  little 
iter  after  the  addition  of  each  reagent  has  been  completed, 
ake  to  mix  and  let  the  flask  stand  2  to  3  minutes.  Add  about 
ml.  of  the  5%  phenol  solution,  wash  into  a  flask  with  a  few 
lliliters  of  water,  and  shake  to  mix,  so  as  to  eliminate  all  traces 
yellow  bromine  color  in  the  solution.  Then  add  4  ml.  of 
tassium  iodide  solution,  shake,  and  let  stand  2  minutes.  The 
line  produced  is  ameasure  of  the  hydrocyanic  acid  in  the  sample. 
:nt  the  flask  to  the  air,  place  a  little  distilled  water  in  the  funnel 
Ip,  and  remove  the  stopper.  Titrate  the  iodine  with  0.1  A"  thio- 
ifate  solution,  adding  starch  indicator  solution  near  the  end.  The 
ration,  which  is  made  in  the  “sulfur  flask”,  is  accomplished 
I  two  operations:  initially  swirling  the  flask  to  mix  the  thio- 
Ifate  and  iodine,  and  then  finishing  after  most  of  the  iodine 
s  disappeared  by  attaching  a  rubber  tube  to  the  inlet  tube  of 
3  flask  and  blowing  with  the  breath  to  mix  during  the  addition 
the  last  few  milliliters  of  the  thiosulfate. 

ICalculations.  The  reaction  is  based  on  the  following  equa- 
in: 

CNBr  +  2HI  =  HCN  +  HBr  +  I2 
icn 

11.  of  0.1  A  thiosulfate  X  2.084 

I.  ft.  of  gas  in  sample  (corrected) 

grains  of  HCN  per  100  cu.  ft.  of  gas  (corrected) 

PROCEDURE  II 

(For  concentrations  of  hydrocyanic  acid  below  5  grains  per 
0  cu.  feet,  3.25  grams  per  1000  cu.  feet,  0.01%  hydrocyanic 

d.) 

Under  the  preceding  procedure  the  size  of  gas  sample,  because 
carbon  dioxide  present,  is  roughly  limited  to  2.5  cu.  feet,  which 
ii>uld  require  on  titration  only  6  ml.  of  0.1  A  solution  on  a  gas 
itaining  5  grains  of  hydrocyanic  acid  per  100  cu.  feet.  Much 
aller  titrations  are  undesirable  and  the  use  of  0.01  A  solutions 
roduces  other  well-known  but  not  always  realized  complica- 
ns.  It  has  been  found  that,  where  ammonia  is  present  in  the 
i  in  sufficient  concentration,  water  can  be  used  in  place  of 
tassium  hydroxide  solution  as  a  scrubbing  medium  to  yield 
ficiently  accurate  results.  For  such  a  purpose  the  ammonia 
icentration  of  the  gas  is  not  permitted  to  drop  much  below 
10  grains  per  100  cu.  feet  throughout  the  test.  The  problem 
conveniently  adding  such  an  amount  of  ammonia  has  re- 
ired  some  consideration,  as  the  volume  of  pure  ammonia  gas 
■sired  (0.03  cu.  feet  per  hour),  is  too  small  to  be  measured  con- 
niently  by  a  flowmeter;  and  aqua  ammonia  exhibits  too  high 
initial  partial  pressure  of  ammonia  to  be  used  directly  where  it 
necessary  to  scrub  a  large  sample  of  gas,  while  with  small  gas 
nples  an  undesirably  large  amount  of  ammonia  is  left  in  the 
ubbing  solution.  For  all  these  reasons,  procedure  II,  de- 
ibed  below,  is  recommended  for  use  where  gas  of  very  low 
■drocyanic  acid  concentration  is  to  be  analyzed. 
i3et  up  two  sulfur  flasks  and  a  15  X  2.5  cm.  (6X1  inch)  test 
re,  each  charged  with  25  ml.  of  distilled  water,  as  in  procedure 
except  that  a  glass  tee  is  placed  in  the  gas  sampling  line  just 
fore  the  first  sulfur  flask  and  a  sulfuric  acid  trap  for  ammonia 
.nserted  before  the  meter.  Connect  three  15  X  2.5  cm.  (6  X 
nch)  test  tubes  charged  with  25  ml.  each  of  aqua  ammonia 
ution  (28%  reagent  grade)  in  series,  and,  from  a  compressed 
xrce,  pass  air  or  other  inert  gas  through  a  flow  meter,  through 
j  aqua  ammonia,  and  through  the  tee  into  the  gas  stream  be- 
e  the  hydrocyanic  acid  scrubbers.  Adjust  the  gas  rate 
•ough  the  ammonia  solution  to  approximately  10%  of  that  of 
:  gas  passing  through  the  hydrocyanic  acid  scrubbers,  and  at 
i  conclusion  of  the  test  deduct  the  volume  of  the  inert  gas  from 
:  total  gas  reading  to  obtain  the  true  volume  of  sample.  At  a 
al  gas  rate  of  2  cu.  feet  per  hour  this  combination  will  main- 
n  the  desired  ammonia  concentration  in  the  gas  throughout 
;  passage  of  10  cu.  feet  of  sample  without  introducing  excessive 
lounts  of  ammonia  into  the  scrubbing  solution.  A  10  cu.  feet 
nple  will  yield  a  titration  of  about  5  ml.  of  0.1  A  thiosulfate 
he  gas  has  a  hydrocyanic  acid  concentration  of  1  grain  per  100 
feet.  For  larger  samples  (or  room  temperatures  much  above 
0  C.)  a  greater  volume  of  aqua  ammonia  should  be  used.  For 
■  analysis  of  the  sample  add  the  contents  of  the  test-tube  scrub- 
r  to  the  second  sulfur  flask,  add  ammonium  polysulfide,  and 
low  the  directions  in  procedure  I. 

jit  is  suggested  that  the  contents  of  the  two  sulfur  flasks  be 
rated  separately  with  0.1  A  thiosulfate  and  the  two  titrations 
lded  together  for  the  hydrocyanic  acid  calculation,  though,  if 
sired,  the  iodine  solutions  can  be  joined  and  titrated  as  one. 
ne  separate  titration  permits  a  comparison  that  throws  light 
the  scrubbing  efficiency  and  consequently  on  the  ammonia 


enrichment  during  scrubbing.  The  amount  of  thiosulfate  re¬ 
quired  for  titrating  the  solution  in  the  first  flask  should  be  about 
four  times  that  for  the  second  flask.  Under  these  conditions  in 
this  laboratory  less  than  2.5%  error  was  indicated  for  analyses 
of  a  1-grain  gas.  An  additional  water  scrubbing  unit  will  lower 
this  error  but  will  make  the  procedure  more  cumbersome.  If  it 
it  desired  to  analyze  gases  having  a  hydrocyanic  acid  concentra¬ 
tion  below  1  grain  per  100  cu.  feet,  it  is  suggested  that  0.01  A 
thiosulfate  solution  be  used,  in  which  case  the  thiosulfate  titra¬ 
tion  should  be  made  at  a  temperature  below  15°  C.  to  avoid 
unreasonable  blanks.  • 

FURTHER  APPLICATIONS  OF  METHOD 

It  seemed  that  if  this  method  is  satisfactory  for  determining 
hydrocyanic  acid  in  gas,  it  would  be  of  utility  in  analyzing  a 
wide  variety  of  miscellaneous  solutions  containing  hydrocyanic 
acid  derivatives.  This  has  indeed  proved  to  be  the  case.  The 
procedure  has  given  reliable  results  in  the  standardization  of 
potassium  cyanide  and  potassium  thiocyanate  solutions,  in  the 
analysis  of  two  types  of  wet-process  gas  purification  liquors  where 
it  is  a  great  time  saver  (as  thiosulfate  and  chloride  do  not  inter¬ 
fere),  and  in  analyses  of  pure  samples  of  cyanogen  bromide. 

The  ammonium  polysulfide  treatment  may  be  omitted  in  all 
cases  where  the  gas  liberated  by  acidification  is  insufficient  to 
destroy  the  vacuum.  In  the  analysis  of  alkaline  cyanides,  such 
as  potassium  cyanide,  a  small  excess  of  fixed  alkali  should  be 
added  to  the  sample  before  evacuating  the  flask  to  prevent  vapor 
loss. 

Although  the  recorded  reactions  of  cyanogen  bromide  offer 
several  possibilities  for  its  determination  (1,  3,  5,  8,  9,  12),  an 
iodometric  method  seemed  most  practical  for  routine  laboratory 
use.  Difficulties  were  encountered,  however,  with  previously 
recommended  procedures  (2,  16,  17).  The  authors  therefore  de¬ 
cided  to  investigate  the  following  factors:  time  required  for 
oxidation  and  reduction,  effects  of  pH  during  oxidation  and 
reduction,  influence  of  nature  of  acid  present,  and  action  of  cer¬ 
tain  alkaline  salts  prior  to  reduction. 

In  studying  the  reduction  phenomena,  pure  cyanogen  bromide 
was  weighed  and  transferred  quickly  to  water  in  a  volumetric 
flask.  This  stock  solution  was  kept  at  0°  C.  and  fresh  solutions 
were  frequently  prepared.  Aliquot  samples  were  taken  for  in¬ 
dividual  analyses.  The  pipets  were  filled  by  pressure  instead  of 
suction  and  the  contents  delivered  below  the  surface  of  a  fixed 
volume  of  water  in  an  ordinary  glass-stoppered  Erlenmeyer  flask. 
Known  quantities  of  acid  and  potassium  iodide  were  added,  and 
the  flask  was  quickly  stoppered  and  let  stand  for  a  definite  period 
of  time.  Finally  the  liberated  iodine  was  determined  with 
sodium  thiosulfate. 


Table  I.  Influence  of  Sodium  Carbonate  and  Trisodium  Phosphate 
on  Cyanogen  Bromide  Analysis 

Concentration  of  cyanogen  bromide  stock  solution,  15.58  grams  per  liter 
(purity  97.5%).  Aliquot  for  each  determination,  10  ml.  Concentration  of 
sodium  carbonate  and  trisodium  phosphate  solutions,  1.34  TV.  Volume  of 
solution  after  acidification,  100  ml.;  acidity,  1  TV.  Potassium  iodide  added, 
4  ml.  (0.5  gram  per  ml.).  Concentration  of  sodium  thiosulfate,  0.0822  TV. 


Alkaline 

Reaction  Time 

Solution 

with  Alkaline 

Sodium 

Used 

Quantity 

Solution 

pH 

Thiosulfate 

Ml. 

Ml. 

34.85  (Control) 

NazCCU 

0.03 

30  sec. 

7.57 

34.68 

Na2C03 

0.03 

30  min. 

7 . 57a 

34.49 

NazCOs 

10 

30  sec. 

9.96 

29.81 

NasCOs 

10 

30  min. 

9.96 

7.67 

NaaCOs 

25 

30  sec. 

10.04 

29.40 

NazCOs 

25 

30  sec. 

10.04 

29.04 

Na3PC>4 

0.03 

30  sec. 

7.5& 

34 . 85 

NaaPO, 

0.03 

30  min. 

7.5b 

34.73 

NasPCb 

10 

30  sec. 

10.90 

24.43 

NasPOi 

10 

30  sec. 

10.90 

24.51 

Na3POr 

10 

30  min. 

10.90 

0.03 

Na3P04 

25 

30  sec. 

18.77 

NasPCU 

25 

30  sec. 

17.93 

NasP04 

25 

30  min. 

0.00 

°  During  time  interval  solution  became  slightly  acid. 

^  During  time  interval  pH  dropped  to  6.1. 

Inclusion  of  only  one  figure  indicates  reproducible  result. 
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A  study  of  the  influence  of  time  on  the  reduction  of  cyanogen 
bromide  showed  that  while  Schulek  (10)  specifies  a  30-minute 
delay,  actually  the  reduction  is  complete  in  less  than  0.5  minute 
under  the  conditions  employed.  In  order  to  learn  the  effect  of 
acid  concentration,  nine  determinations  were  made,  in  concen¬ 
trations  varying  from  0.1  to  6.0  N.  The  results  agreed  within 
the  experimental  error.  An  investigation  of  the  effect  of  the 
nature  of  the  acid  present  was  made  by  using  several  concen¬ 
trations  of  acetic  and  phosphoric  acids,  including  the  concentra¬ 
tions  used  by  Chattaway  and  Wadmore  (3),  Mpller  (6),  and 
Schulek  (10) »  The  success  of  the  reduction  was  found  to  be 
independent  of  the  source  of  hydrogen  ion,  excluding,  of  course, 
oxidizing  and  reducing  acids. 

Buchanan  (2),  in  accordance  with  Stevens  and  Blackett  (15), 
suggests  the  addition  of  sodium  carbonate  to  the  sample,  followed 
by  slight  acidification  before  conducting  the  analysis.  Nardin 
(7),  who  originated  the  use  of  sodium  carbonate,  claims  that  “by 
previously  neutralizing  sulfuric  acid  present,  more  reliable  and 
slightly  higher  results  are  obtained”.  This  suggestion  was 
investigated,  and  also,  for  purposes  of  comparison,  the  action  of 
trisodium  phosphate,  with  the  results  shown  in  Table  I. 

These  findings  indicate  that,  if  the  solution  is  made  just  alka¬ 
line  with  sodium  phosphate  no  observable  destruction  occurs 
in  30  seconds,  but  with  sodium  carbonate  a  small,  though  meas¬ 
urable,  quantity  of  cyanogen  bromide  is  lost.  In  both  cases 
increased  amounts  of  alkaline  solutions  and  longer  reaction  peri¬ 
ods  cause  very  marked  decomposition.  With  carbonate  there  is 
observed  an  additional  loss  due  to  expulsion  of  cyanogen  bromide 
with  the  carbon  dioxide  liberated  upon  acidification. 

RECOMMENDED  PROCEDURE  FOR  PURE  CYANOGEN  BROMIDE 

Although,  as  the  foregoing  data  indicate,  the  analysis  of 
cyanogen  bromide  may  be  conducted  under  widely  varying  con¬ 
ditions,  in  this  laboratory  the  following  procedure  has  been 
adopted: 

When  a  solution  is  to  be  analyzed,  a  suitable  quantity  of  hydro¬ 
chloric  acid  is  placed  in  a  glass-stoppered  Erlenmeyer  flask  to¬ 
gether  with  4  ml.  of  the  potassium  iodide  solution.  An  aliquot  of 
the  sample  containing  0.1  to  0.2  gram  of  cyanogen  bromide  is  then 
delivered  just  under  the  surface  of  the  acidified  solution  and  the 
flask  is  quickly  stoppered.  The  solution  is  of  such  volume  and 
concentration  that  after  the  addition  of  the  sample  there  will  be 
present  100  ml.  of  1  N  acid. 

If  a  solid  product  is  to  be  analyzed,  individual  samples  of  0.1 
to  0.2  gram  are  weighed  in  small  glass-stoppered  bottles,  and 
dropped  into  100  ml.  of  1  A  hydrochloric  acid  containing  4  ml. 
of  potassium  iodide  solution. 

In  either  case,  after  at  least  30  seconds  the  liberated  iodine  is 
titrated  in  the  customary  manner  with  0.1  N  thiosulfate  solution. 

DISCUSSION  OF  METHOD 

Several  procedures  appear  in  the  literature  for  using  this  re¬ 
action  as  a  measurement  of  hydrocyanic  acid  in  gas.  The 
authors  and  several  associates  have  tried  these  methods  with 
inexact  results.  As  cyanogen  bromide  hydrolyzes  in  neutral  or 
alkaline  solution,  previous  analysts  have  added  the  potassium 
hydroxide  gas-scrubbing  solution  slowly  to  an  excess  of  strongly 
acidified  bromine  water.  At  least  in  fuel-gas  analysis,  large 
amounts  of  carbon  dioxide  are  frequently  present  in  the  sample. 
Losses  of  cyanogen  bromide  in  the  released  carbon  dioxide  in¬ 
evitably  occur,  causing  low  results  by  the  procedure  mentioned. 
In  the  method  here  recommended,  the  hydrocyanic  acid  is  con¬ 
verted  to  relatively  nonvolatile  thiocyanic  acid  by  ammonium 
polysulfide,  permitting  release  of  carbon  dioxide  to  the  air  upon 
acidification.  The  reaction  to  form  potassium  thiocyanate 
does  not  take  place  unless  the  polysulfide  molecule  contains 
more  than  2  atoms  of  sulfur.  If  hydrogen  sulfide  is  absent  from 
the  gas,  5  drops  of  the  polysulfide  solution  are  sufficient.  If 
hydrogen  sulfide  is  present,  the  sulfide  formed  appears  to  react 
with  the  polysulfide  added,  tending  to  reduce  the  sulfur  ratio 


below  the  3  to  1  limitation.  In  dealing  with  unknown  conditions, 
it  is  well  to  establish  by  trial  and  error  the  amount  of  polysulfide 
solution  required.  A  very  large  excess  is  undesirable,  but  coulc 
not  be  readily  avoided  if  the  gas  were  actually  scrubbed  with 
polysulfide. 

There  is  danger  of  hydrolysis  of  cyanogen  bromide  upor 
pouring  an  alkaline  cyanide  solution  into  acidified  bromine  water 
This  hydrolysis  is  extremely  rapid  in  alkaline  solution  and  there 
is  the  risk  of  a  side  reaction  taking  place  at  the  interface  of  the 
two  streams.  A  somewhat  analogous  condition  exists  if  alkaline 
sulfide  is  run  into  acidified  iodine,  where  very  high  results  are 
occasioned  by  increased  oxidation  at  the  interface.  The  authors 
therefore,  recommend  that  in  all  cases  the  sample  be  acidifiec 
before  addition  of  bromine.  If,  for  any  reason,  too  high  a  con¬ 
centration  of  acid  is  present  after  bromination  during  the  analysis 
of  a  sample,  the  concentration  should  be  diminished  by  dilutior 
and  not  by  addition  of  alkalies. 

Potassium  bromide-bromate  solution  is  used  instead  of  bromine 
water  because  it  is  more  convenient  to  handle  and  the  bromine 
value  of  the  solution  is  constant. 

The  acidity  of  the  solution  is  fixed  at  approximately  N  hydro¬ 
chloric  acid,  a  convehient  strength  to  complete  bromine  anc 
iodine  oxidation  reactions.  Hydrochloric  acid  is  preferred  ovei 
sulfuric  acid  for  this  purpose.  Very  large  excesses  of  acid  are  te 
be  avoided. 

If  too  large  an  excess  of  bromine  is  used,  a  large  amount  of  tri 
bromophenol  will  be  thrown  down  as  a  precipitate,  which  has  i 
tendency  to  adsorb  the  iodine  subsequently  formed  in  the  solu 
tion  and  thus  to  give  low  results.  A  small  amount  of  the  pre 
cipitate  does  no  harm,  but  preferably  there  should  be  very  little 
On  the  other  hand,  too  small  an  excess  of  bromine,  as  indicatec 
by  only  a  faint  yellow  color  in  the  solution,  affords  low  results. 

Eymann  (4)  says  that  excess  phenol  causes  low  results.  Thi 
authors  cannot  confirm  this  statement.  It  seems  probable  tha 
he  attributed  the  action  of  tribromophenol  precipitate  to  pheno 
itself.  Skirrow  (14)  has  pointed  out  that  halogenated  phenol; 
tend  to  adsorb  iodine,  thereby  giving  rise  to  low  results  in  such : 
titration. 

In  this  reaction  one  hydrocyanic  acid  molecule  is  equivalen 
to  two  atoms  of  iodine,  whereas  in  the  titration  of  thiocyanati 
with  silver  and  ferric  alum  the  relation  is  1  to  1  and  in  the  titra 
tion  of  sodium  cyanide  with  silver  in  alkaline  solution,  the  rath 
is  1  to  0.5.  These  ratios  greatly  favor  the  cyanogen  bromidi 
method,  especially  where  low  concentrations  of  cyanides  exis 
in  the  sample. 

In  sampling,  especially  where  the  gas  is  water-saturated  o 
contains  ammonia,  it  is  very  important  that  the  scrubbers  b< 
attached  as  close  to  the  gas  main  as  possible,  for  a  very  smal 
amount  of  water  condensate  in  the  sampling  line  will  remove  ai 
appreciable  amount  of  hydrocyanic  acid,  especially  in  the 
presence  of  much  ammonia. 

Bromine  converts  both  hydrocyanic  acid  and  thiocyanic  acic 
to  cyanogen  bromide.  Cyanic  acid  is  not  converted  to  cyanogei 
bromide.  Ferrocvanide  is  not  converted  to  cyanogen  bromide 
but  is  oxidized  to  ferricyanide,  which  in  turn  releases  iodine,  giv¬ 
ing  high  results  for  hydrocyanic  acid  and  thiocyanic  acid  present 
This  effect  is  eliminated  if  zinc  sulfate  is  added  in  excess  before 
the  bromine.  Heavy  metal  salts  capable  of  oxidizing  hydriodic 
acid  must  be  removed  as  they  will  interfere  with  the  analysis 
These  findings  are  important  in  analyzing  miscellaneous  solutions, 
but  only  the  first  two  factors  are  likely  to  be  of  significance  in  gas 
analysis. 
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Photometric  Determination  of  Phosphorus  in  Limestone 

J.  A.  BRABSON,  J.  H.  KARCHMER1,  AND  M.  S.  KATZ2,  Tennessee  Valley  Authority,  Wilson  Dam,  Ala. 


v  photometric  method  is  described  For  the  determination  of  phos- 

!horus  in  limestone  when  present  in  amounts  ranging  from  0.002 
i  0.4%  P205.  The  sample  is  ignited  to  destroy  organic  matter, 
lica  is  removed  by  dehydration  with  perchloric  acid,  and  phos- 

Ihorus  is  determined  in  the  filtrate  by  the  phosphovanadomolybdate 
ethod.  When  applied  to  National  Bureau  of  Standards  samples 
f  argillaceous  limestone  1  and  1-a,  containing  0.18  and  0.14% 
2Os,  respectively,  results  within  0.01%  of  the  Bureau  of  Standards 
dues  were  found.  The  effect  of  interfering  elements  and  the  use 
f  a  filter  photometer  are  discussed. 

rHE  accurate  and  rapid  determination  of  phosphorus  con¬ 
tent  of  limestone  used  in  the  process  is  an  important  factor 
t  carbide  manufacture.  Since  the  limestone  usually  contains 
00  to  0.04%  of  phosphorus,  great  care  must  be  exercised  with 
■avimetric  and  volumetric  methods  of  analysis  if  a  high  degree  of 
:■  curacy  and  reproducibility  is  to  be  obtained.  These  methods 
•e,  however,  too  tedious  and  time-consuming  for  use  in  routine 
introl. 

Murray  and  Ashley  ( 6 )  and  Kitson  and  Mellon  (2)  used  the 
dorimetric  method  suggested  by  Mission  (5)  to  determine  phos- 
horus  in  steel  by  converting  the  phosphorus  to  the  yellow  phos- 
hovanadomolybdate  complex.  Willard  and  Center  ( 1 ,  7)  im- 
roved  this  colorimetric  procedure  by  using  perchloric  acid 
tstead  of  nitric  acid  to  remove  the  silica,  thus  precluding 
.gh  results  from  the  formation  of  silicomolybdic  acid.  Koenig 
id  Johnson  ( 3 )  adapted  the  latter  method  to  the  determination 
'  phosphorus  in  plants  and  in  food  materials. 

The  colorimetric  determination  of  phosphorus  as  the  phos- 
aovanadomolybdate  was  found  to  be  rapid  and  accurate  when 
iplied  to  the  analysis  of  iron  ores  and  plant  ashes  and  offered 
romising  possibilities  for  the  analysis  of  limestones.  If  found 
iplicable  to  this  purpose,  it  was  planned  to  adapt  the  method  for 
se  with  a  rugged,  inexpensive  photometer. 

In  this  method  the  sample  is  calcined  to  destroy  organic  matter 
hich,  if  not  completely  removed,  imparts  a  slight  color  to  the 
■sultant  solution;  the  calcium  oxide  is  dissolved  in  perchloric 
•id  and  the  resultant  solution  is  fumed;  and  the  yellow  color  of 
nmonium  phosphovanadomolybdate  develops  upon  the  ad- 
ition  of  ammonium  vanadate  and  ammonium  molybdate. 

APPARATUS 

A  Beckman  Model  D  quartz  spectrophotometer  fitted  with 
latched  rectangular  cells  1  cm.  square. 

Fisher  AC  Electrophotometer  fitted  with  425-m^  blue  filter  and 
3-ml.  cylindrical  absorption  cells. 

PRELIMINARY  INVESTIGATION 

Optimum  conditions  for  the  formation  of  the  yellow  phos- 
hovanadomolybdate  color  have  been  investigated,  and  the 
mounts  and  composition  of  the  necessary  reagents  have  been 
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established  (2,  3,  6,  7).  Temperature  was  not  regarded  as 
critical  so  long  as  the  color  was  formed  at  room  temperature — 
that  is,  20°  to  30°  C.  ( 3 ,  6).  Different  investigators  found  vari¬ 
ous  periods  necessary  for  the  development  of  the  color.  Willard 
and  Center  (7)  stated  that  4  minutes  was  sufficient,  while  others 
mentioned  periods  ranging  up  to  30  minutes  (3,  6).  Murray  and 
Ashley  (6)  quoted  Mission  ( 5 )  as  stating  that  after  the  color  was 
developed  it  was  stable  for  14  days;  whereas  Koenig  and  John¬ 
son  (3)  found  slightly  lower  transmittance  after  12  to  24  hours. 
Willard  and  Center  (7)  found  that  less  than  13  ml.  of  perchloric 
acid  per  100  ml.  allowed  the  formation  of  a  precipitate  upon  the 
addition  of  ammonium  molybdate  and  that  more  than  13  ml. 
retarded  full  development  of  the  color.  Willard  and  Center  (7) 
also  investigated  the  effect  of  iron  and  found  that  a  30-nfit 
spectral  band  centered  at  450  m^  obviated  interference  from 
ferric  perchlorate. 

Since  it  was  desired  to  use  a  filter-type  monochromator  for 
photometric  measurements,  it  was  necessary  to  establish  the 
relationship  between  the  absorption  characteristics  of  the  filter, 
the  possible  iron  salts  present,  and  the  ammonium  phospho¬ 
vanadomolybdate  . 

The  absorption  spectrum  of  the  filter  was  determined  and 
transmittance  curves  were  made  for  solutions  of  ferric  nitrate 
and  ferric  perchlorate,  both  of  which  may  be  considered  present 
when  the  reagents  specified  (7)  are  used.  Solutions  were  pre¬ 
pared  by  adding  100  mg.  of  Fe203  as  the  corresponding  salt  to 
solutions  containing  5  ml.  of  nitric  acid  and  17  ml.  of  perchloric 
acid  and  diluting  each  to  100  ml.  A  transmittance  curve  also 
was  determined  for  a  solution  of  ammonium  phosphovanado¬ 
molybdate  containing  0.1  mg.  of  phosphorus,  prepared  in  the 
same  manner  as  were  solutions  used  for  the  calibration  curve. 

From  data  plotted  in  Figure  1  it  can  be  seen  that,  although  the 
absorption  peak  of  the  ammonium  phosphovanadomolybdate  is 
probably  below  320  my,  considerable  absorption  occurs  in  the 
spectral  region  covered  by  the  blue  filter.  Figure  1  also  shows 
that  ferric  perchlorate,  even  when  present  in  as  high  an  amount 
as  100  mg.  of  Fe-jCh,  absorbs  only  slightly  in  this  region  and  that 

ferric  nitrate  exhibits 
more  interference. 
For  this  reason,  it  was 
decided  to  use  per¬ 
chloric  acid  instead  of 
nitric  acid  in  the  prep¬ 
aration  of  the  ammo¬ 
nium  vanadate  re¬ 
agent.  In  the  absence 
of  nitrates  it  appeared 
that  only  minor  diffi¬ 
culty  would  be  experi¬ 
enced  when  working 
with  solut  ions  contain¬ 
ing  appreciable  quanti¬ 
ties  of  iron. 


REAGENTS 

Ammonium  Vana¬ 
date  Solution.  Dis¬ 
solve  2.35  grams  of 
ammonium  metavana¬ 
date  in  approximately 
400  ml.  of  hot  water; 
add  14  ml.  of  72%  per¬ 
chloric  acid,  cool,  and 
dilute  to  1  liter. 


Figure  1 .  Transmittance  Curves 

A.  Fisher  425  blue  filter 

B.  Ammonium  phosphovanadomolyb¬ 

date,  0.1  mg.  of  phosphorus  in 
1 00  ml.  of  solution 

C.  Ferric  nitrate,  100  mg.  of  FesOa 

plus  5-ml.  excess  of  nitric  acid  in 
1 00  ml.  of  solution 

D.  Ferric  perchlorate,  100  mg.  of  Fe2C>3 

plus  17-ml.  excess  of  perchloric 
acid  in  100  ml.  ol  solution 
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Table  I.  Effect  of  Excess  Perchloric  Acid  upon  Phosphovanado- 
molybdate  Color 

✓ - Per  Cent  Transmittance - * 

HC104i  HCIO4,  HClOi, 

13-MI.  Excess  15-MI.  Excess  17-MI.  Excess 


Phosphorus, 

After 

After 

After 

After 

After 

After 

Mg. 

30  min. 

18  hours 

30  min. 

18  hours 

30  min. 

18  hours 

0.0 

94.5 

94.5 

94.0 

94.0 

94.5 

94.5 

0.2 

72.8 

72.4 

72.9 

72.3 

73.0 

72.6 

0.4 

58.2 

57.7 

58.5 

57.8 

59.0 

58  6 

0.6 

48.0 

48.0 

48.6 

48.5 

49.2 

48.8 

Ammonium  Molybdate  Solution.  Dissolve  100  grams  of 
molybdic  acid  (85%)  in  a  mixture  of  300  ml.  of  water  and  80  ml. 
of  ammonium  hydroxide.  When  dissolved,  filter  and  boil  filtrate 
20  minutes;  cool  and  dilute  to  1  liter. 

Standard  Phosphobus  Solution.  Weigh  out  an  amount  of 
ammonium  monohydrogen  phosphate,  the  phosphorus  content 
of  which  has  been  determined  gravimetrically,  equivalent  to 
0.1000  gram  of  phosphorus;  dissolve  in  water  and  dilute  to  1  liter. 
1  ml.  o  0.1  mg.  of  phosphorus.  (Theoretical  amount  of  am¬ 
monium  phosphate  required,  0.4263  gram.) 

FACTORS  AFFECTING  COLOR  DEVELOPMENT 

Acid  Concentration.  Using  procedures  similar  to  those 
recommended  by  Willard  and  Center  (7),  the  effect  of  excess 
perchloric  acid  was  investigated  (Table  I). 

Table  I  shows  that  although  greater  excesses  of  perchloric 
acid  do  not  allow  the  formation  of  as  intense  a  color  as  does  the 
13-ml.  excess,  the  color  progression  is  insignificant  after  solutions 
have  stood  for  30  minutes.  A  17-ml.  excess  of  perchloric  acid 
was  chosen  because  the  larger  excess  aided  in  the  rapid  de¬ 
hydration  of  silica  whenever  large  samples  were  necessary. 

Effects  of  Iron  and  Calcium.  Iron  in  the  concentration 
usually  encountered  in  limestone  causes  little  interference. 
Calcium  salts  have  no  effect  on  color  development. 

PROCEDURE 

Calibration  Curve.  Transfer  aliquots  of  the  standard 
phosphorus  solution  to  100-ml.  volumetric  flasks  containing 
17  ml.  of  72%  perchloric  acid.  Add  10  ml.  of  ammonium  van¬ 
adate  solution,  dilute  to  75  ml.,  and  cool  to  about  25°  C.  Add 
7.5  ml.  of  ammonium  molybdate  solution,  swirling  the  contents 
of  the  flask  meanwhile  to  prevent  precipitation.  Dilute  to  the 
mark,  mix  thoroughly,  and  allow  to  stand  for  30  minutes.  De¬ 
termine  the  percentage  transmittance  using  a  Fisher  Electro¬ 
photometer  with  a  425-mju  blue  filter.  Plot  the  results  on  semi¬ 
log  paper. 

Analytical  Method.  Ignite  a  sample  of  limestone  (depend¬ 
ing  upon  the  phosphorus  content)  in  a  porcelain  crucible  for  30 
minutes  at  900°  C.  If  a  large  amount  of  organic  matter  is 
present,  ignite  the  sample  for  15  minutes  at  500°  C.  before  ig¬ 
niting  at  the  higher  temperature.  Transfer  the  ignited  residue 
to  a  150-ml.  beaker,  add  20  ml.  of  water,  and  dissolve  the  calcium 
hydroxide  with  72%  perchloric  acid,  in  the  following  proportions: 

0.5  gram:18  ml.  2 . 0  grams: 20  ml. 

1 . 0  gram:  19  ml.  5 . 0  grams : 25  ml. 

Evaporate  on  a  hot  plate  until  fumes  of  perchloric  acid  are 
evolved;  cover  with  a  watch  glass  and  continue  the  fuming  for 
5  minutes  to  dehydrate  the  silica.  Cool  to  below  100°  C.,  and 
add  10  ml.  of  ammonium  vanadate  solution.  Rinse  the  watch 
glass  and  sides  of  the  beaker  with  a  jet  of  water,  limiting  the 
washings  to  15  ml.  Mix  the  solution,  cool  to  room  temperature 
and  filter  through  a  Whatman  41-H  paper  into  a  100-ml.  volu¬ 
metric  flask.  Wash  the  beaker  and  paper  three  times,  restricting 
the  volume  to  less  than  90  ml.  Cool  the  solution  to  about 
25°  C.,  while  keeping  the  solution  continuously  agitated  by  shak¬ 
ing;  add  7.5  ml.  of  ammonium  molybdate  solution  and  dilute  to 
the  mark.  Mix  the  contents  of  the  flask  thoroughly  and  allow 
to. stand  30  minutes.  Determine  the  percentage  transmittance, 
using  a  Fisher  electrophotometer  with  a  425-m/n  glass  filter. 
Calculate  the  percentage  phosphorus  from  the  number  of  milli¬ 
grams  of  phosphorus  found  on  the  calibration  curve. 

APPLICATION  TO  STANDARD  SAMPLES 

Samples  of  Bureau  of  Standards  argillaceous  limestone  and 
dolomite  were  analyzed  by  the  photometric  method.  The 


values  obtained  by  the  Bureau  of  Standards,  the  mean  of  valu< 
by  cooperating  analysts,  and  the  values  by  the  photometr 
procedure  are  given  in  Table  II.  Up  to  this  time  the  ten 
“phosphorus”  has  been  used,  since  it  is  customary  to  report  tl 
P205  present  in  limestone  used  for  carbide  manufacture  in  tern 
of  the  element.  The  Bureau  of  Standards  certificates  of  anal; 
sis  are  on  the  P2O5  basis;  therefore  results  on  these  sampli 
are  reported  as  the  pentoxide. 

PRECISION  AND  ACCURACY 

Precision.  The  results  reported  in  Table  II  are  given  ; 
the  nearest  hundredth  per  cent  P205.  In  Table  III,  the  origin 
values  are  given  to  show  the  precision  of  the  method. 

From  the  results  in  Table  III  the  average  deviation  fro: 
the  mean  was  found  to  be  0.0037%  P205.  The  probable  erri 
of  a  single  determination  using  the  method  of  least  squares  (. 
was  found  to  be  0.0028%  P203. 

Accuracy.  A  comparison  of  the  results  in  Table  II  shov 
that  the  results  by  the  photometric  method  are  within  0.01' 
P2O5  of  the  values  reported  by  the  Bureau  of  Standards  whc 
applied  to  samples  containing  0.14  and  0.18%  P205.  A  ma: 
imum  deviation  of  0.001%  P205  from  the  Bureau  of  Standan 
value  was  obtained  on  a  sample  of  dolomite  reported  to  conta: 
0.002%  of  P205. 


Table  II.  Analysis  of  Bureau  of  Standards  Samples 


Bureau  of 

Average  of 

Deviatior 

Standards 

Cooperating 

Photometric 

from 

Sample 

Value  P2O5 

Analvsts  P2O5 

P2O5 

Standard 

% 

% 

% 

% 

Argillaceous  lime¬ 

stone,  No.  1 
Argillaceous  lime¬ 

0.18 

0  18° 

0.196 

+  0.01 

stone,  No.  1-a 

0.14 

0 . 15  c 

0.144 

0.00 

Dolomite,  No.  88 

0.002 

0 . 003  e 

0 . 002/ 

0.000 

“  Average  of  two  values  of  0.18  and  0.18. 

6  Average  of  three  values  ranging  from  0.18  to  0.19. 
c  Average  of  ten  values  ranging  from  0.108  to  0.18. 
d  Average  of  seven  values,  all  0.14. 
e  Average  of  two  values  of  0.002  and  0.004. 

/  Average  of  seven  values  ranging  from  0.002  to  0.003. 


Table  III.  Precision  of  Method 


Deviation 

P2O5  Found,  from  Mean. 

%  % 

Sample  1-a  0.135  —0.005 

0.143  +0.003 

0.137  -0.003 

0.142  +0.002 

0.144  +0.004 

0.135  -0.005 

0.144  +0.004 


Av.  0.140 


SUMMARY 

A  photometric  method  is  described  for  the  determination 
phosphorus  (0.002  to  0.4%  P205)  in  limestone.  The  method 
based  upon  the  phosphovanadomolybdate  color  reaction,  ai 
may  be  used  with  a  simple  filter  photometer.  Calcium  and  ir< 
salts,  in  the  quantities  encountered  in  limestone,  cause  1 
interference,  and  the  organic  matter  is  destroyed  by  a  pri 
calcination. 

Results  obtained  by  the  method  have  an  accuracy  and  repr 
ducibility  adequate  for  the  evaluation  of  limestone  used  f 
carbide  manufacture.  The  procedure  effects  a  great  saving 
time  and  reagents. 
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Determination  of  Tin  by  a  Modified  lodometric  Method 

THOMAS  B.  McDOW,  KENNETH  D.  FURBEE,  and  FREDERICK  B.  CLARDY 
Chemical  Laboratory,  Norfolk  Navy  Yard,  Portsmouth,  Va. 


\  accurate  method  for  the  determination  of  tin  is  proposed  which 
rids  the  usual  sources  of  error  encountered  in  precipitating  tin  as 
tastannic  acid  and  those  encountered  in  the  reduction-oxidation 
icedure.  The  metal  is  dissolved  in  acid  and,  when  necessary, 
lected  with  the  use  of  ammonia  and  aluminum  hydroxide,  re- 
:ed  with  nickel,  and  titrated  with  standard  iodine  solution  under  a 
nket  of  carbon  dioxide. 

IS  generally  accepted  that  the  best  method  for  determining 
-in  is  based  on  the  reduction  of  the  tin  to  its  bivalent  state 
h  a  metal,  and  subsequent  oxidation  with  a  standard  iodine 
ition.  Details  of  procedure  vary  widely  and  many  difficulties 
encountered  that  seriously  affect  the  usefulness  of  the  method, 
iources  of  error  encountered  are: 

.  Incomplete  precipitation  of  metastannic  acid  in  making 
arations  from  copper 

!.  Loss  of  precipitated  metastannic  acid  in  filtering 
Failure  to  obtain  a  satisfactory  titration  end  point 
Incomplete  reduction  of  the  material 
Failure  to  prevent  oxidation  of  stannous  chloride  by  con- 
t  with  air  of  the  reduced  solution 

t  is  necessary  to  ensure  the  complete  reduction  of  the  tin  to 
bivalent  state  and  to  prevent  its  reoxidation  by  air.  The 
ner  is  not  difficult  and  can  be  accomplished  by  the  use  of 
eral  metals.  “Success  in  the  latter  depends  on  the  mainte- 
ice  of  a  nonoxidizing  atmosphere  during  the  entire  operation, 
l  is  possible  through  the  use  of  such  expedients  as  the  Bunsen 
ve  or  the  use  of  a  few  grams  of  sodium  carbonate”  ( 2 ).  The 
cipitation  of  tin  by  the  usual  nitric  acid  procedure  is  known 
be  incomplete  at  times  (4)  because  metastannic  acid  often 
s  to  coagulate  sufficiently  to  be  completely  retained  upon  fil- 
;ion.  By  the  proposed  method,  precipitation  is  complete 
hout  filtration  loss. 

i  series  of  determinations  was  made  in  order  to  select  a  metal 
oe  employed  as  the  reducing  agent.  The  metals  used  were: 


Figure  1.  Apparatus 


iron  (S),  lead  (5),  antimony  ( 6 ),  and  nickel  (1).  All  these  metals 
are  capable  of  effecting  the  reduction  of  tin  to  the  bivalent  state. 
Nickel,  alone,  gave  a  very  sharp  end  point.  It  is  unnecessary  to 
remove  the  undissolved  nickel,  thus  eliminating  from  the  analy¬ 
sis  a  step  which  is  a  troublesome  source  of  error. 

No  claim  to  originality  is  made  as  regards  the  individual 
details  of  the  procedure  finally  adopted.  However,  because  the 
procedure  outlined  differs  in  some  detail  from  any  of  those  pub¬ 
lished  and  the  results  obtained  are  precise  and  accurate,  it  is  be¬ 
lieved  that  the  following  method  is  to  be  preferred. 

REAGENTS  REQUIRED 

Standard  Tin  Solution.  Dissolve  5  grams  of  pure  tin  in 
100  ml.  of  concentrated  hydrochloric  acid  and  dilute  to  1  liter  in  a 
volumetric  flask. 

Standard  Iodine  Solution.  Dissolve  approximately  1 1 
grams  of  iodine  in  about  100  ml.  of  distilled  water  containing  20 
grams  of  potassium  iodide.  Dilute  to  1  liter  in  a  volumetric 
flask  and  standardize  against  the  standard  tin  solution  after 
reduction  of  25  ml.  of  the  tin  solution  by  the  method  given  below. 

Starch  Solution.  Add  a  thin  paste  made  of  5  grams  of 
soluble  starch,  10  grams  of  sodium  bicarbonate,  and  water  to 
about  300  ml.  of  boiling  water.  Boil  for  1  minute  with  stirring. 
Cool  rapidly  and  dilute  to  1  liter. 

Pure  Nickel  (shot  or  strip). 

PREPARATION  OF  SAMPLES  FOR  REDUCTION 

Brass,  Bronze,  and  Copper  Bearing  Materials  (over  2% 
copper).  Weigh  1  to  10  grams  of  material  to  give  a  tin  content 
between  0.1  and  0.2  gram  into  300-ml.  Erlenmeyer  flasks,  add 
10  to  30  ml.  of  nitric  acid  (1  to  1),  and  heat  gently  until  the  mate¬ 
rial  is  completely  disintegrated.  Boil  until  oxides  of  nitrogen  are 
expelled,  dilute  to  about  100  ml.  with  water,  and  add  3  to  5 
ml.  of  10%  aluminum  nitrate  solution.  Add  ammonium  hydrox¬ 
ide  to  the  blue  copper  complex  color,  then  10  ml.  in  excess.  Heat 
to  boiling  and  filter  through  hard  paper  (Whatman  No.  42  or 
comparable).  Wash  twice  with  5%  ammonium  nitrate  solution. 
Place  the  filter  paper  containing  the  precipitate  in  the  original 
flask.  Add  10  ml.  of  concentrated  sulfuric  acid,  5  ml.  of  concen¬ 
trated  perchloric  acid,  and  a  few  drops  of  concentrated  nitric 
acid.  Heat  gently,  adding  nitric  acid  dropwise  as  required  to 
prevent  darkening  of  the  solution.  Evaporate  to  sulfur  trioxide 
fumes.  Cool  first  in  air,  then  in  water,  and  proceed  as  directed 
below. 

Solder  Bearing  Metal,  etc.  (less  than  2%  copper).  Weigh 
the  sample  to  contain  between  0. 1  and  0.2  gram  of  tin  into  300-ml. 
Erlenmeyer  flask.  Add  10  ml.  of  concentrated  sulfuric  acid 
and  about  5  grams  of  potassium  sulfate,  and  heat  until  the  mate¬ 
rial  is  completely  dissolved  or  until  lead  sulfate,  if  present,  turns 
white.  Cool  first  in  air,  then  in  water,  and  proceed  as  directed 
below. 

METHOD 

Carefully  dilute  with  water  to  about  100  ml.,  add  75  ml.  of 
concentrated  hydrochloric  acid  and  10  grams  of  nickel  shot  (10- 
mesh),  and  connect  flask  with  a  tube,  one  end  of  which  extends 
below  the  surface  of  the  beaker  of  water.  Boil  gently  for  30 
minutes,  transferring  the  end  of  the  outlet  tube  to  a  beaker  of 
sodium  bicarbonate  solution  (10%)  several  minutes  before  the 
end  of  the  period. 

Keeping  the  end  of  the  tube  below  the  surface  of  the  sodium 
bicarbonate  solution  (Figure  1),  place  the  flask  in  a  suitable  con¬ 
tainer  of  cold  water.  Allow  to  stand  until  cold.  Remove  the 
rubber  stopper  and,  as  rapidly  as  possible,  introduce  a  small  piece 
of  dry  ice  (solid  carbon  dioxide).  Then  add  more  dry  ice  in  suf¬ 
ficient  quantity  to  keep  the  solution  very  cold  (below  10°  C.) 
and  blanketed  with  carbon  dioxide  gas.  (If  solid  carbon  di¬ 
oxide  is  not  available,  pellets  of  sodium  bicarbonate  may  be  sub¬ 
stituted  and  will  give  satisfactory  results  if  the  solution  is  cooled 
by  the  use  of  ice.)  Add  5  ml.  of  starch  solution  and  titrate  at 
once  against  the  standardized  iodine  solution  to  a  permanent  blue 
end  point.  Calculate  the  percentage  of  tin  in  the  sample. 
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Table  I.  Determination  of  Tina 


Bureau  of 

Tin 

Tin 

Standards  No. 

Material 

Present 

Found 

Deviation 

% 

% 

% 

62 

Manganese  bronze 

0.82 

0.82 

0.00  • 

37 

Sheet  brass 

1.013 

1.012 

0.001 

53 

Lead-base  metal 

10.91 

10.91 

0.00 

127 

Solder 

34.88 

34.87 

0.01 

52 

Cast  bronze 

7.90 

7.90 

0.00 

63 

Phosphor  bronze 

9.91 

9.91 

0.00 

54a 

Tin-base  metal 

88.61 

88.61 

0.00 

“  Figures  represent  average  of  six  determinations  of  each  sample. 


DESCRIPTION  OF  APPARATUS 

The  apparatus  consists  of  Erlenmeyer  flasks  (300-ml. ),  stop¬ 
pered  with  one-hole  rubber  stoppers.  These  are  provided  with 
bent  glass  and  rubber  tubing  that  extends  to  the  bottom  of  the 
beakers  containing,  as  they  are  used,  water  and  bicarbonate  of 
soda.  The  flask  rests  upon  an  electric  heater  that  has  a  regulator 
to  permit  high,  medium,  or  low  heat  adjustment.  A  ring  stand, 


the  base  of  which  fits  snugly  under  the  heater,  is  provided  w 
cross  supports  for  the  bent  glass  tubing.  At  the  sides  of  1 
heater  are  two  80-ml.  beakers  partly  filled  with  ice  and  water 
facilitate  rapid  cooling. 

Table  I  shows  results  obtained  on  National  Bureau  of  Stai 
ard  samples  of  varying  tin  content. 
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Purification  of  Solvents  for  Absorption  Spectroscopy 

An  Adsorption  Method 

MORRIS  M.  GRAFF,  ROBERT  T.  O’CONNOR,  and  EVALD  L.  SKAU 
Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


A  simple,  rapid  method  for  removing  ultraviolet-absorbing  impuri¬ 
ties  from  hydrocarbon  solvents  by  selective  adsorption  on  silica  gel 
columns  is  described.  Solvents  suitable  for  use  in  absorption  spec¬ 
trum  measurements  have  been  prepared  by  this  method  from  com¬ 
mercial  samples  of  cyclohexane,  n-heptane,  iso-octane,  Skellysolve- 
B,  and  Skellysolve-F.  In  general,  hydrocarbon  solvents,  both 
synthetic  and  commercial,  which  have  been  subjected  to  exhaustive 
chemical  and  physical  purification  have  been  noticeably  improved 
by  this  adsorptive  treatment.  The  advantages  of  the  adsorption 
method  over  the  usual  methods  are  speed,  simplicity  of  technique, 
and  high  yield  of  purified  solvent. 


IN  RECENT  years  the  advantages  of  liquid  hydrocarbons 
over  polar  liquids  as  ultraviolet  absorption  solvents  have 
gained  recognition  (l).  The  need  for  the  use  of  pure  hydro¬ 
carbons  such  as  synthetic  n-heptane,  cyclohexane,  and  iso¬ 
octane  instead  of  the  commercially  available  petroleum  fractions, 
which  are  hydrocarbon  mixtures,  has  been  demonstrated  in 
specific  examples  {2,  5,  11).  In  this  connection  the  purification 
of  liquid  hydrocarbons  has  been  investigated. 

The  present  methods  for  the  preparation  of  hydrocarbons 
for  use  as  solvents  in  absorption  spectroscopy  ( 8 ,  8,9,  11)  are  as  a 
rule  long  and  cumbersome  and  result  in  poor  yields.  Usually 
the  final  products  still  contain  significant  amounts  of  impurities, 
probably  aromatic  and  unsaturated  compounds,  which  absorb 
radiations  in  the  ultraviolet  region. 

The  present  paper  describes  a  simple  method  for  direct  purifi¬ 
cation  of  commercial  hydrocarbon  solvents  based  on  selective 
adsorption  of  the  impurities  by  means  of  a  suitable  adsorbent. 
The  adsorption  procedure  was  suggested  by  the  work  of  Mair, 
White,  and  others  (4,  7,  10)  who,  in  connection  with  an  investi¬ 
gation  of  the  composition  of  petroleum  distillates  at  the  National 
Bureau  of  Standards,  showed  that  aromatic  hydrocarbons  can 
be  separated  from  naphthenic  and  paraffin  hydrocarbons  by  ad¬ 
sorption  on  silica  gel. 


The  results  which  the  authors  obtained  demonstrated 
effectiveness  of  silica  gel  for  purifying  not  only  synthetic 
heptane,  cyclohexane,  and  iso-octane  for  absorption  spectrosco 
but  also  petroleum  ether  fractions  (Skellysolves),  if  desired, 
general,  both  synthetic  and  commercial  hydrocarbons,  e 
after  they  have  been  subjected  to  exhaustive  chemical  : 
physical  purification,  have  been  noticeably  improved  in  nil 
violet  transparency  by  adsorptive  treatment. 

APPARATUS  AND  PROCEDURE 

The  adsorption  apparatus  used  consists  of  a  glass  tube,  120  ■ 
in  length  and  38  to  40  mm.  in  diameter,  constricted  at  the  lo 
end.  A  small  plug  of  glass  wool  is  placed  on  a  perforated  poi 
lain  disk  at  the  constricted  end  of  the  column  and  about 
grams  of  silica  gel,  Davco  659528-2000  (manufactured  by 
Davison  Chemical  Corporation,  Baltimore,  Md.),  are  introdu 
with  the  aid  of  a  powder  funnel  in  batches  of  about  100  gra 
The  tube  is  tapped  occasionally  to  ensure  good  settling  of 
adsorbent.  Another  plug  of  glass  wool  is  placed  on  top  of 
column  to  prevent  agitation  of  the  adsorbent  by  the  pouring 
the  solvent  to  be  purified. 

The  solvent  is  added  to  the  column  from  a  2-liter  separat 
funnel,  care  being  taken  not  to  allow  the  top  of  the  columr 
run  dry  before  all  the  solvent  has  been  added.  The  solven 
allowed  to  percolate  through  the  column  and  the  percolati 
collected  in  the  same  manner  as  the  successive  fractions  of  a  < 
tillation.  The  first  fraction  is  in  all  cases  the  purest  sam] 
successive  fractions  are  acceptable  until  the  adsorbent  has  becc 
saturated  with  respect  to  the  impurities.  A  test  spectrograr 
made  to  ascertain  the  extent  of  purification  in  the  successive  [ 
colates.  Usually  a  single  passage  of  the  liquid  through 
column  suffices  to  produce  a  satisfactory  ultraviolet-transmitt 
solvent,  and  a  yield  of  about  90  to  95%  of  the  original  liquit 
obtained.  A  simple  distillation  may  be  used  to  remove  any 
sorbent. 

Various  experiments  were  performed  to  determine  the  mi 
mum  amount  of  liquid  which  could  be  purified  with  a  gi 
quantity  of  silica  gel  and  other  adsorbents.  However, 
value  was  found  to  vary  according  to  the  activity  of  the  partici 
adsorbent,  and  even  more  widely  with  the  amount  of  impuri 
to  be  removed  from  different  solvents  or  the  same  type  of  solv 
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Figure  1 .  Comparative  Spectrograms  of  Hydrocarbons 

Upper  portion,  before  purification  lower  portion,  after  purification 


Water,  doubly  distilled 

4. 

Skellysolve-B 

Iso-octane 

5. 

n-Heptane 

Skellysolve-F 

6. 

Cyclohexane 

7.  Water,  double  distilled 


le  I.  Optical  Density  of  Hydrocarbons  before  and  after 
hirification  by  Silica  Gel  Adsorption  Method  (4-Cm.  Cell) 
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°  represents  insufficient  transmission  through  4-cm.  layer  to  blacken 
igraphic  plate. 

1,2,4-Trimethylpentane,  b.p.  98-99°  C. 

,2,4-Trimethylpentane,  Bureau  of  Standards  certified  grade. 

'etroleum  ether,  b.p.  60-71°  C.  (A.S.T.M.). 

'etroleum  ether,  b.p.  30-60°  C.  (A.S.T.M.). 

_ 

different  commercial  sources.  Experience  has  shown  that 

*rams  of  silica  gel  will  purify  1  to  1.5  liters  of  cyclohexane, 
jrs  of  w-heptane,  at  least  4  liters  of  iso-octane,  0.5  to  1  liter 
:ellysolve-B,  and  2  to  2.5  liters  of  Skellysolve-F. 

her  adsorbents  such  as  alumina,  magnesium  oxide,  various 
e  clays,  and  carbons  were  tried.  Effective  improvement  of 
;olvent  was  accomplished  by  the  use  of  decolorizing  carbons 
it  and  Darco,  Eastman),  and  activated  charcoal,  U.S.P. 
ck). 

tivated  silica  gel  of  the  type  described  is  an  efficient  and 
ly  available  adsorbent;  it  was  chosen  especially  because 
nns  of  this  material  are  easily  prepared  and  allow  the  solvent 
ass  through  rapidly.  This  adsorbent  can  be  readily  re- 
ated  for  most  purposes  by  washing  thoroughly  with  water 
leating  in  a  stream  of  air  at  325°  C.  for  24  hours  (J). 

tempts  were  made  to  purify  the  hydrocarbons  by  adding  the 
:bent  directly  to  the  solvent  to  form  a  slurry,  and  subse- 
tly  removing  the  adsorbent  by  filtration.  The  concentra- 
of  aromatics,  as  shown  by  spectrograms,  was  noticeably  de¬ 
ed.  However,  continuation  of  the  slurry  procedure  showed 
complete  removal  of  the  ultraviolet-absorbing  impurities 
l  be  achieved,  if  at  all,  only  after  preparing  a  large  number 
ch  slurries  with  recharges  of  fresh  adsorbent,  thus  requiring 
h  ratio  of  adsorbent  to  solvent  purified, 
ture  1  shows  absorption  spectra  of  a  series  of  different  hydro- 
ms  before  and  after  a  single  passage  through  a  silica  gel  ad¬ 


sorbing  column.  It  illustrates  the  effectiveness  with  which  the 
ultraviolet-absorbing  impurities  are  removed  from  various 
hydrocarbons. 

The  spectrograms  were  obtained  by  use  of  a  Bausch  &  Lomb 
medium  quartz  spectrograph  and  a  Hilger  Spekker  photometer. 
The  absorption  cell  which  usually  contains  the  solvent  was 
filled  with  the  hydrocarbon  as  obtained  commercially,  and  the 
cell  which  usually  contains  the  solution  was  filled  with  the  liquid 
obtained  from  a  single  passage  through  the  silica  gel.  The 
photometer  drum  was  set  to  provide  equal  apertures  and  conse¬ 
quently  to  permit  equal  amounts  of  light  to  strike  each  cell. 
The  source  of  radiation  was  a  high-voltage  alternating  current 
arc,  using  Therapeutic  Carbon  “B”  rods,  which  provides  a 
many-lined  spectrum  of  iron  superimposed  on  a  continuous  back¬ 
ground  of  temperature  radiation  from  the  carbon  (6).  A  cor¬ 
responding  quantitative  representation  of  the  improvement 
observed  in  the  transmitting  properties  of  these  liquids  through¬ 
out  the  spectral  region  2300  to  2700  A.  is  shown  in  Table  I. 
The  optical  densities  were  obtained  from  measurements  made  with 
a  Leeds  &  Northrup  recording  densitometer  of  spectrograms  ob¬ 
tained  by  photographing  each  liquid,  before  and  after  purification, 
in  4-cm.  cells,  each  against  a  matched  empty  cell  representing 
100%  transmission. 
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Sulfuric  Acid  Extraction  in  Hydrocarbon  Type  Analysis 

C.  C.  ALLEN  and  H.  W.  DUCKWALL 
Anderson-Prichard  Research  Laboratory,  Cyril,  Okla. 


The  extrapolation  method  based  on  acid  extraction  is  suggested  as  a 
means  of  routine  and  control  analysis  of  paraffin-naphthene-aromatic 
or  paraffin-naphthene-aromatic-olefin  mixtures  low  in  olefin  concen¬ 
tration,  boiling  in  the  kerosene-to-gas-oil  range.  The  procedure  de¬ 
scribed  is  suitable  for  hydrocarbon  mixtures  containing  20%  or  less 
of  aromatics  and  olefins.  Where  applicable,  the  extrapolation 
method  gives  a  direct  measure  of  saturate  content  and  properties. 
This  is  sufficient,  in  conjunction  with  a  molecular  weight  determina¬ 
tion,  to  establish  the  paraffin-naphthene  ratio.  At  the  same  time  a 
measure  of  olefin  plus  aromatic  content  is  obtained  and  approxima¬ 
tions  as  to  the  character  of  the  unsaturates  (olefins  and  aromatics)  can 
be  made. 


TYPE  analysis  of  hydrocarbons  boiling  above  the  gasoline 
range  has  recently  assumed  considerable  importance,  in  keep¬ 
ing  with  the  development  of  new  petroleum  cracking  processes 
and  high-solvency  petroleum  solvents  (10).  This  paper  suggests 
sulfuric  acid  extraction  for  routine  type  analysis  of  medium  boil¬ 
ing  range  hydrocarbon  solvents,  refinery  cracking  charge  stocks, 
and  the  like,  which  contain  small  to  moderate  proportions  of  aro¬ 
matics  and  olefins,  not  exceeding  20%  of  the  sample. 

A  comprehensive  method  of  type  analysis  based  on  combustion 
for  hydrogen  content  is  available  from  the  work  of  Deanesly  and 
Carleton  (3,  4)-  Organic  combustion  for  hydrogen,  however,  is 
rather  tedious  for  a  refinery  laboratory  and  there  would  appear  to 
be  considerable  incentive  to  avoiding  this  step  if  possible  without 
too  great  a  sacrifice  of  accuracy  (12).  With  the  object  of  substi¬ 
tuting  some  simpler  procedure  for  routine  examinations,  the  well- 
known  use  of  sulfuric  acid  as  an  extracting  agent  has  been  con¬ 
sidered  in  this  laboratory. 

Sulfuric  acid  extraction  has  been  advocated  from  time  to  time 
by  a  number  of  investigators  (6,  7,  9,  11,  15)  as  a  means  of  sepa¬ 
rating  unsaturated  from  saturated  hydrocarbons  in  type  analysis 
of  mixtures.  Use  of  the  acid  as  an  analytical  tool  has  been  ob¬ 
jected  to  (6,  13),  however,  on  the  generally  valid  grounds  of  in¬ 
accuracy  due  to  incomplete  removal  of  unsaturates,  solubility  of 
saturates  in  the  acid  extract,  or  chemical  attack  by  the  acid  (18). 

A  stepwise  extraction  procedure  and  graphical  interpretation 
of  the  extraction  data  have  been  investigated  by  Fisher  and  Eisner 
(6)  for  hydrocarbon  type  analysis.  In  Fisher  and  Eisner’s 
method,  acid  ranging  in  concentration  from  75  to  98%  by  weight 
was  employed  in  a  series  of  about  ten  successive  treatments,  at  a 
constant  ratio  of  3  volumes  of  acid  to  1  volume  of  oil.  Graphs 
relating  the  physical  constants  and  volume  of  unsulfonated  oil 
were  obtained  which  showed  density  and  refractive  index  maxima 
in  the  earlier  extraction  stages,  followed  by  progressive  decreases 
to  approximately  constant  values  in  the  later  stages.  The  max¬ 
ima  were  interpreted  as  corresponding  to  complete  olefin  removal 
and  incipient  aromatic  extraction,  and  the  approximately  con¬ 
stant  later  values  of  density  and  refractive  index  were  interpreted 
as  representing  complete  aromatic  extraction  and  incipient  re¬ 
moval  of  saturates. 

Earlier  work  indicated  that  a  two-  or  three-step  extraction  pro¬ 
cedure,  utilizing  strong  acid  and  varying  the  volume  of  acid, 
might  yield  linear  volume-physical  constant  data  and  thereby 
simplify  analysis. 

In  the  experiments  described  below,  it  was  found  that  acid  suf¬ 
ficiently  strong  to  remove  aromatic  compounds  completely  from 
a  kersoene  cut  also  reacted  with  the  saturates  present.  Neverthe¬ 
less,  the  action  of  the  acid  on  the  saturates  could  be  allowed  for  by 


using  several  different  ratios  of  acid  to  oil  and  extrapolating  to 
hypothetical  zero  acid  to  oil  ratio. 

PRINCIPLE  OF  TYPE  ANALYSIS  BY  SULFURIC  ACID 

The  principle  underlying  the  use  of  sulfuric  acid  in  type  anal 
sis  (15)  is  the  determination  of  a  sufficient  number  of  physic 
properties  of  a  mixture  before  and  after  reaction  with  the  acid 
•  furnish  calculation  of  the  proximate  composition,  by  appropria 
combination  of  the  data. 

Complete  structural  type  analysis  of  hydrocarbon  mixtiu 
involves  complex  ramifications  (3)  which  are  beyond  the  scope 
absorption  or  extraction  methods.  For  the  purposes  of  routi 
analysis,  however,  any  procedure  which  will  give  the  per  cent 
paraffins  plus  naphthenes,  the  paraffin-naphthene  ratio,  the  p< 
cent  of  olefins  plus  aromatics,  and  an  independent  determinati 
of  olefins,  may  be  considered  as  yielding  a  type  analysis. 

Specifically,  if  accurate  values  of  the  per  cent  of  saturates  pr< 
ent  and  density  and  refractive  index  of  the  saturates  can  be  c 
tained  by  the  use  of  acid  on  a  hydrocarbon  mixture,  then  coi 
bined  with  molecular  weight  determination  and  bromine  numl 
determination  on  the  original  mixture,  the  composition  can  be  e 
pressed  (16)  in  terms  of  per  cent  of  paraffins,  olefins,  napthem 
and  aromatics  by  established  methods  of  interpreting  speci 
refractivity  (3,  5,  10)  and  bromine  number  (5, 15). 

The  primary  object  of  the  experimental  work  reported  here  b 
been  to  ascertain  if  the  necessary  data  on  volume  per  cent,  de 
sity,  and  refractive  index  of  the  saturates  present  can  be  obtain 
by  sulfuric  acid  extraction  with  sufficient  accuracy,  using  at 
strong  enough  to  react  completely  with  the  olefins  and  aromati 
A  secondary  object  has  been  to  observe  the  effect  of  acid  extra 
tion  on  the  aniline  point,  as  a  knowledge  of  this  property  is  fi 
quently  of  value  (8). 


Table  I.  Properties  of  Saturated  Hydrocarbons  Solvent  160-S 


Gravity,  °  A.P.I. 

47.5 

Density,  1° 

0.786 

Initial  boiling  point,  °  F. 

385 

Dispersion  (NF  —  Nc)  X 

5% 

393 

10«,  20°  C. 

77.4 

10% 

396 

Specific  dispersion 

Aniline  point,  0  F. 

98.4 

50% 

407 

168.  S 

90% 

425 

Carbon,  % 

85.2 

95% 

433 

Hydrogen,  % 

14.8 

D.P. 

437 

Molecular  weight 

190 

Flash  point,  °  F.,  T.C.C.  ■ 

160 

Bromine  No. 

0.0 

Refractive  index, 

1.4368 

Naphthenic  rings  per 
molecule,  calculated 

0.54 

MATERIALS  AND  APPARATUS 

After  a  number  of  preliminary  tests  on  known  hydrocarb 
mixtures,  101%  sulfuric  acid — i.e.,  anhydrous  sulfuric  acid  cc 
taining  4.4  weight  %  of  free  sulfur  trioxide — was  selected  as  ( 
tracting  agent.  ; 

A  single  saturated  hydrocarbon  fraction,  a  light  kerosene  fra 
tion  described  in  Table  I,  was  employed  in  all  the  tests.  Sy 
thetic  mixtures  (refer  to  Table  II)  were  made  up  using  this  fr; 
tion  with  various  olefins  and  aromatics.  The  xylene  used  v 
Baker’s  c.p.  grade,  diisobutylene  and  cyclohexane  were  Eastm 
purified  materials,  and  the  aromatic  amyl  derivatives  w( 
samples  obtained  through  the  courtesy  of  Sharpies  Chemica 
Inc.  All  these  unsaturated  substances  were  used  in  their  sti 
of  purity  as  received.  .  j 

The  extractions  were  carried  out  in  graduated  bottles  similar 
Stoddard  solvent  bottles  (1),  but  specially  made  to  contain  10-r 
additional  volume. 

The  optical  measurements  were  made  with  an  Abbe  refracto: 
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Table  II.  Extraction  of  Solutions  of  Unsaturated  Hydrocarbons  in  Solvent  160-S  by  101%  Sulfuric  Acid 

Vol.  %  Raffinate  Properties  Original  Solution  Properties  Solute  Properties 

Unsatu-  -  -  - 


rated 

Ratio  by 

Absorp¬ 

Refrac¬ 

end 

Unsaturated 

Com¬ 

Volume 

tion, 

tive 

To. 

Component 

ponent 

Acid 

:  Oil 

Vol.  % 

index,  20 

0 

None 

0.00 

4:1 

27.5 

1 . 4330 

3:1 

20.5 

1.4340 

2:1 

13.5 

1.4350 

Ext. 

0:1 

-0.5 

1.4368 

1 

Xylene 

20.0 

4:1 

46.0 

1.4328 

3:1 

39.5 

1.4340 

2:1 

33.0 

1.4345 

Ext. 

0:1 

20.0 

1.4368 

y 

Monoamyl  benzene 

20.0 

4:1 

34.0 

1.4343 

3:1 

30.0 

1.4350 

2:1 

26.0 

1.4358 

Ext. 

0:1 

18.0 

1 . 4372 

Diamyl  benzene 

20.0 

4:1 

32.0 

1 . 4347 

3:1 

28.5 

1.4351 

2:1 

25.0 

1.4358 

Ext. 

0:1 

18.0 

1.4368 

Monoamyl  naphthalene 

20.0 

4:1 

36.0 

1.4340 

3:1 

32.0 

1.4347 

2:1 

27.5 

1.4354 

Ext. 

0:1 

19.2 

1.4370 

> 

Diamyl  naphthalene 

20.0 

4:1 

37.5 

1.4337 

3:1 

33.0 

1.4346 

2:1 

28.5 

1 . 4354 

Ext. 

0:1 

19.5 

1.4371 

; 

Cyclohexene  plus 

12.5 

4:1 

35.5 

1.4350 

xylene 

3:1 

32.0 

1.4355 

12.5 

2:1 

28.5 

1.4361 

Ext. 

0:1 

21.5 

1.4374 

Diisobutylene 

20 

4:1 

34.5 

1.4327 

3:1 

30.0 

1.4331 

2:1 

25.5 

1.4338 

Ext. 

0:1 

16.5 

1.4350 

Den- 

sitv, 

20 

4 

Aniline 
point,  °F. 

Refrac¬ 

tive 

index, 20 

Den¬ 

sity, 

20 

4 

Aniline 
point,  °F. 

Refrac¬ 

tive 

index,  *o 

Density. 

20 

4 

0.7743 

0.7772 

0.7803 

0.786 

174.5 
173.0 

171.5 

168.5 

0.7722 

0.7760 

0.7800 

0.7878 

173.5 
172.0 

170.5 

167.5 

1.4478 

0.8033 

134.0 

1.4953 

0.8612 

0 . 7780 
0.7800 

0 . 7822 
0.7864 

172.0 

171.0 

170.0 

167.8 

1 . 4465 

0.7999 

139.5 

1.4869 

0.8577 

0 . 7789 
0.7806 
0.7819 

0 . 7849 

172.0 

171.0 

170.0 

167.8 

1 . 4463 

0 . 7996 

150.5 

1 . 4850 

0.8537 

0.7769 

0.7786 

0.7819 

0.7879 

173.5 
172.0 

170.5 

167.5 

1.4638 

0 . 8220 

135.5 

1.5731 

0.9641 

0.7758 

0.7784 

0.7807 

0.7858 

173.5 
172.0 
171.0 

168.6 

1 . 4597 

0.8162 

142.5 

1 . 5527 

0.9340 

0.7777 

0 . 7806 
0.7830 
0.791 

172.0 

170.0 

168.5 

164.4 

1 . 4447 

0.7976 

130.5 

1.4470 

1.4953 

0.8105 

0.8612 

0.7719 

0.7750 

174.0 
172.5  • 

1.4330 

0.7727 

157.0 

1.4106 

0.7157 

0.7780  171.0 
0.7840  168.0 


r,  density  determinations  were  made  in  2-  or  3-ml.  pycnometer 
ttles,  and  aniline  points  were  determined  (2)  using  microburets 
i  5-ml.  samples. 


PROCEDURE 

The  extractions  were  carried  out  following  the  method  of 
omas,  Bloch,  and  Hoekstra  {15),  at  ice-water  temperature, 
ree  extractions  were  made  in  each  case,  employing  acid-oil 
ios  of  4  to  1,  3  to  1,  and  2  to  1. 

\fter  the  volume  of  hydrocarbon  absorbed  was  measured,  the 
Tacts  were  discarded  and  the  raffinates  washed  with  sodium 
bonate  solution  and  dried  over  sodium  carbonate.  The  den- 
7,  refractive  index,  and  aniline  point  of  the  washed  and  dried 
finates  were  determined  and  extrapolated  graphically  to  a 
Itious  0  to  1  acid-oil  ratio. 

The  data  obtained  in  the  extraction  experiments  are  recorded  in 
ble  II,  including  the  extrapolated  values. 

ACCURACY  OF  SATURATES  DETERMINATIONS 

? rom  the  limited  amount  of  data  presented,  it  can  be  estimated 
it  in  the  case  of  paraffin-naphthene-benzene  or  paraffin-naph- 
•ne-naphthalene  mixtures,  where  the  concentration  of  aromatic 
20%  or  less,  the  accuracy  of  the  extrapolation  method  is  ap- 
iximately  as  follows: 


Table  III.  Calculation  of  Properties  of  Unsaturated  Compounds 
Mixed  with  Naphthenes  and  Paraffins,  by  Extrapolation  Method 


Data, 

Table 

II, 

Properties  of  Unsaturated  Compound 

Unsaturated 

Blend 

Refractive  Index,  j? 

Density,  ~° 

Compound 

No. 

Calculated 

Observed 

Calculated 

Observed 

Xylene 

1 

1.4918 

1 . 4953 

0.8653 

0.8612 

Monoamyl  benzene 

2 

1 . 4888 

1 . 4869 

0.8614 

0.8577 

Diamyl  benzene 

3 

1.4894 

1.4850 

0.8666 

0.8537 

Monoamyl  naphthalene 

4 

1.5737 

1.5731 

0.9619 

0.9641 

Diamyl  naphthalene 

5 

1 . 5530 

1.5527 

0.9417 

0.9340 

Diisobutylene 

6 

1.4230 

1.4106 

0.7160 

0.7157 

where 


Fum  =  volume  fraction  of  unsaturates  as  determined  by 
extrapolation  method 
dm  —  density  of  original  mixture 
ds  =  density  of  saturates,  as  extrapolated 
du  —  density  of  unsaturates 
Nm  =  refractive  index  of  original  mixture 
Ns  =  refractive  index  of  saturates,  as  extrapolated 
Nu  =  refractive  index  of  unsaturates 


In  Table  III,  the  densities  and  refractive  indices  of  the  un¬ 
saturates  used  in  the  extraction  tests  have  been  calculated  by  the 
above  formulas. 


Property 


Estimated  Accuracy 


Volume  per  cent  of  saturates 
Density  of  saturates 
Refractive  index  of  saturates 
Aniline  point  of  saturates 


=f0.2% 
=^0.005 
=e  0.0005 
=*=0.8°  F. 


The  agreement  of  calculated  and  observed  values  averages 
about  sf=  0.005  for  the  densities  and  =f  0.004  in  the  case  of  the  re¬ 
fractive  indices.  Calculation  of  unsaturate  aniline  points  was 
unsatisfactory. 


>Yhen  the  mixture  contains  olefinic  derivatives  at  12  to  20% 
icentration  (see  Table  II),  the  inaccuracy  is  approximately 
ibled. 

CALCULATION  OF  UNSATURATE  PROPERTIES 

Density  and  refractive  index  are  approximately  volume-addi- 
e  properties  in  higher  boiling  hydrocarbon  mixtures  {4,11, 14) ; 
ice  the  approximation  equations  below  may  be  set  up: 

„  (V)  _  dm  —  ds  _  Nm  —  Ns 
U  du  —  ds  Nu  —  Ns 


DISCUSSION 

It  is  evident  from  the  experimental  results  in  Table  II  that  the 
accuracy  of  the  extrapolation  method  is  seriously  reduced  by  ole¬ 
fins  at  high  concentration.  Other  data  on  olefins  at  high  concen¬ 
tration  (above  20%)  indicate  that  large  proportions  of  olefinic 
compounds  can  make  extrapolation  indefinite. 

For  hydrocarbon  mixtures  containing  20%  or  less  unsaturates, 
however,  it  appears  to  be  a  safe  guide  to  consider  that  the  extra¬ 
polation  method  fails  when  a  linear  continuation  of  the  data  to 
zero  acid-oil  ratio  is  not  immediately  apparent. 
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Application  of  the  extrapolation  method  to  hydrocarbon  mix¬ 
tures  containing  much  more  than  20%  of  olefins  or  aromatics  is 
not  practicable  in  any  case  with  the  present  technique,  inasmuch 
as  the  raffinate  quantities  would  be  too  small  for  ordinary  manip¬ 
ulation. 

The  extrapolation  method  of  analysis  appears  at  first  sight  to 
have  the  fundamental  drawback  of  giving  as  unsaturated  any 
substance  which  has  at  least  one  unsaturated  group  per  molecule, 
regardless  of  the  saturated  character  of  the  rest  of  the  molecule. 
This  is  not  actually  a  disadvantage  in  many  cases,  however,  by 
virtue  of  the  fact  that  the  density  and  refractive  index  of  the  ex¬ 
tracted  unsaturated  material  can  be  approximated  sufficiently  to 
give  a  general  idea  of  the  nature  of  the  unsaturates,  especially  if 
this  information  is  supplemented  by  determinations  of  bromine 
number  and  optical  dispersion  {5,  16,  17). 
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Determination  of  Large  Amounts  of  Manganese 


Modified  Persulfate  Method 


HARVEY  D.  HILLSON 
University  of  Maine,  Orono,  Maine 


IN  A  STUDY  of  the  reaction  of  ammonium  persulfate  with 
manganous  salts  in  acid  solution,  it  was  discovered  that  by  the 
addition  of  disodium  hydrogen  phosphate,  the  manganese  can 
be  oxidized  and  the  excess  persulfate  decomposed  by  boiling; 
finally  by  the  use  of  osmic  acid,  as  recommended  by  Gleu  (4), 
the  permanganate  may  be  stoichiometrically  titrated  with 
sodium  arsenite  solution.  These  modifications  adapt  the  per¬ 
sulfate  method  to  the  accurate  determination  of  manganese  in 
larger  amounts  than  has  been  possible  heretofore  and  extend 
the  usefulness  of  the  procedure  to  the  determination  of  manganese 
in  such  materials  as  manganese  ores  and  ferromanganese.  In  this 
paper  are  given  brief  descriptions  of  the  experimental  work  and  a 
method  of  procedure  for  manganese  in  high-grade  manganese 
ore. 

Two  major  modifications  in  the  usual  persulfate  method  were 
adopted  to  permit  accurate  determination  of  moderately  large 
amounts  of  manganese:  (1)  addition  of  disodium  hydrogen 
phosphate  to  retard  the  decomposition  of  the  permanganate,  and 
(2)  establishment  of  heating  limits  to  decompose  the  excess  per¬ 
sulfate,  yet  not  affect  the  permanganate.  Permanganate  ion 
tends  to  decompose  upon  heating  in  an  acid  solution,  the  ionic 
equation  for  the  reaction  being 

Mn04_  -  4H+  -  3e  =  Mn02  -  2H20  (1) 

This  equation  shows  that  the  reduction  of  the  Mn04  involves 
the  oxidation  potential  equation 

E  =  E0-  RT/3F  In  (Mn04")  (H+)4  (2) 

Assuming  the  oxidation  potential  of  sodium  to  be  positive,  the 
E0  of  this  equation  will  be  negative.  Thus,  upon  examination, 
it  is  found  that  if  the  hydrogen-ion  concentration,  or  the  per¬ 
manganate-ion  concentration,  is  decreased,  the  oxidation  po¬ 


tential,  E,  becomes  negatively  smaller  or  actually  larger,  mal 
the  reduction  less  likely.  Since  it  was  desired  to  increase 
limit  on  the  amount  of  manganese  present,  the  hydrogen 
concentration  or  acidity  was  reduced  through  addition 
disodium  hydrogen  phosphate. 

While  the  reduction  in  hydrogen-ion  concentration  sho 
according  to  Equations  1  and  2,  greatly  reduce  the  rate  of 
manganate  decomposition,  it  should  not  affect  the  rate  of 
composition  of  the  excess  persulfate,  since  the  ionic  equatioi 
the  reduction  of  persulfate  is 

S208  -  2e  =  2S04 

As  can  be  observed  from  this  equation,  no  hydrogen  ions 
involved  in  the  process  of  reducing  persulfate  ion. 

PROCEDURE 

Although  the  maximum  amount  of  manganese  that  cai 
present  in  a  sample  is  still  under  investigation,  it  has  been  fc 
that  samples  containing  up  to  0.05  gram  of  manganese  cai 
effectively  employed.  Thus,  an  aliquot  containing  from 
to  0.05  gram  of  manganese  can  be  accurately  analyzed  by 
procedure. 

The  sample  first  must  be  powdered,  dried,  and  dissolved  r 
aqua  regia  solution.  This  solution  is  filtered  and  the  residi 
fused  with  c.p.  sodium  carbonate  in  a  platinum  crucible.  Ii 
carbonate  turns  green,  manganese  has  been  left  in  the  pr< 
itate  and  the  fused  mass  must  be  dissolved  in  the  filtrate, 
the  resulting  solution  is  added  enough  concentrated  sulfuric 
to  give  100  cc.  of  6  N  sulfuric  acid  solution  when  diluted  to 
cc. — approximately  33  grams  or  18  cc.  The  aqua  regia  is 
evaporated  off  or  the  solution  is  evaporated  to  fumes  of  si 
trioxide.  The  remaining  solution  is  quantitatively  washed 
a  250-cc.  volumetric  flask  and  diluted  to  the  mark.  From 
solution  25-cc.  portions  can  be  pipetted  into  flasks  for  anal 

To  each  portion  to  be  analyzed  are  added  from  3  to  5  gr 
of  disodium  hydrogen  phosphate,  followed  by  approxima 
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Table  I.  Decomposition  of  Permanganate  with  and  without 
Disodium  Hydrogen  Phosphate 


Disodium 

Sodium 

1 

Hydrogen 

Sodium 

Arsenite 

Variation 

|:peri- 

Time  of 

Phosphate 

Arsenite 

Required 

of  Trial 

Int  No. 

Heating 

Added 

Required 

for  Blank 

from  Blank 

Min. 

Grams 

Cc. 

Cc. 

Cc. 

1  1 

16 

(water  bath) 

5 

23.37 

23.37 

0.00 

(none) 

1  2 

16 

(water  bath) 

3 

23.35 

23.37 

-0.02 

j,  3 

16 

(water  bath) 

1 

22.89 

23.37 

-0.48 

4 

16 

(water  bath) 

0 

22.85 

23.37 

-0.52 

5 

5 

(open  flame) 

0 

22.77 

23.37 

-0.60 

*|  6 

5 

(open  flame) 

5 

23.36 

23.37 

-0.01 

|7 

1 

1 

15 

(open  flame) 

5 

23.36 

23.37 

-0.01 

- 


Icc.  of  sirupy  phosphoric  acid.  After  the  phosphate  has  com- 
tely  dissolved,  10  cc.  of  freshly  prepared  20%  ammonium 
sulfate  are  added.  The  oxidation  is  catalyzed  by  5  cc.  of 
N  silver  nitrate.  The  solution  is  now  placed  in  a  boiling  water 
h  for  14  to  20  minutes  or  boiled  gently  over  an  open  oxidizing 
ne  3.5  to  5  cm.  in  height  for  as  close  to  2  minutes  as  possible, 
n  cooled  immediately  to  20°  or  25°  C.  in  a  cold  water  bath. 
;n  the  solution  is  made  strongly  acid  by  adding  25  cc.  of  6  Ar 
uric  acid.  A  few  drops  of  the  osmium  tetroxide  catalyst 
added  and  the  solution  is  ready  for  titration. 

’his  may  proceed  in  two  different  ways,  by  direct  titration 
by  back-titration.  The  first  method  consists  of  running 
ium  arsenite  titer  into  the  solution  being  analyzed  until  it 
omes  just  colorless,  or  orange  if  the  o-phenanthroline  indicator 
ised.  In  the  second  method  sodium  arsenite  is  run  into  the 
solution  until  it  is  colorless,  and  a  few  milliliters  are  added  in 
jss.  This  excess  is  then  back-titrated  with  standardized 
assium  permanganate  to  the  first  sign  of  pink,  or,  if  sodium 
lenylamine  sulfate  indicator  is  used,  to  a  purple  color.  The 
)unt  of  manganese  present  is  calculated  by  a  simple  volu- 
ric  equation.  • 

DISCUSSION 

l  performing  the  experimental  work  on  this  project,  solutions 
1.1  N  potassium  permanganate,  free  from  manganese  di- 
le,  were  made  up,  then  reduced  to  manganous  ions  with  hy- 
?en  peroxide  which  was  almost  completely  chloride-free, 
m  this  point  the  procedure  described  was  followed, 
hus,  the  decomposition  of  the  permanganate  ion  was  de¬ 
fined  by  preparing  the  test  solutions  as  above  and  heating 
various  times  (Table  I).  Phosphate  was  absent  or  present  in 
trying  amount,  and  in  no  case  did  the  procedure  necessitate 
ition  of  any  oxidation  or  reduction  agents,  since  it  was  the 
nanganate  decomposition  that  was  being  determined.  The 
iks,  which  were  used  to  compare  these  results,  were  prepared 
Dipetting  a  definite  amount  of  the  potassium  permanganate 
tion  into  a  flask,  acidifying,  and  titrating  to  an  end  point 
i  the  sodium  arsenite. 

he  second  modification  in  the  procedure  was  determined 
‘ly  through  experiment.  After  the  permanganate  was  kept 
l  decomposing  by  the  phosphate  and  the  persulfate  was  again 
1,  the  comparative  results  began  to  run  low  once  more.  It 
reasonable  to  assume  that  in  some  manner  the  decomposition 
tie  persulfate  had  affected  the  oxidation  of  the  manganese, 
ough  what  actually  happens  is  not  known,  it  was  found  that 
eating  the  test  solution  a  so-called  point  of  equilibrium  could 
stablished  at  which  the  persulfate  is  completely  decomposed, 
foes  not  affect  the  permanganate  formed  by  oxidation.  This 
accomplished  by  following  the  routine  procedure  up  to  the 
t  which  called  for  heating  to  decompose  the  persulfate.  At 
point,  the  solution  was  heated  for  various  lengths  of  time 
i  in  a  water  bath  and  over  an  open  flame  until  the  desired 
ts  were  found.  The  results  and  comparison  with  the  blank 
fiven  in  Table  II. 


Many  other  trials  were  made  to  determine  the  limits  on  the 
amounts  of  reagents  that  might  be  used.  In  all  cases  the  trials 
were  identical  with  those  reported  in  Table  II,  except  that  the 
reagent  in  question  was  varied  from  one  extreme  to  the  other. 
It  was  found  that  the  amount  of  sirupy  phosphoric  acid  used  can 
vary  between  7  and  13  cc.  and  still  maintain  the  accuracy  of  the 
procedure.  The  amount  of  silver  nitrate  catalyst  required  may 
vary  up  to  about  10  cc.  but  must  not  be  less  than  3  cc.  The  pri¬ 
mary  addition  of  sulfuric  acid,  which  is  often  made  while  making 
up  the  original  sample,  should  be  between  0.08  and  0.025  equiv¬ 
alent.  The  minimum  limit  is  established  for  this  reagent,  but 
the  maximum  limit  may  be  somewhat  larger,  since  no  experi¬ 
mental  trials  were  made  above  this  point.  The  secondary  ad¬ 
dition  of  sulfuric  acid  is  indefinite,  as  long  as  the  test  solution  is 
made  definitely  acid. 

As  an  indication  of  the  accuracy  of  this  procedure,  several  trials, 
using  the  method  described,  were  made  on  manganese  ore  No. 
25a,  obtained  from  the  Bureau  of  Standards  (Table  III).  An¬ 
other  trial  was  made  on  the  same  sample  using  the  bismuthate 
method  ( 1 ,  5).  The  manganous  ions  were  oxidized  to  per¬ 
manganate  by  means  of  an  excess  of  sodium  bismuthate,  the 
excess  was  filtered  off,  and  the  residue  washed  with  dilute 
nitric  acid.  The  test  solution  was  titrated  wfith  sodium  arsenite 
in  a  definitely  acid  solution. 


REAGENTS 

Osmium  Tetroxide  Catalyst.  Break  a  1-gram  capsule  of 
osmium  tetroxide  beneath  the  surface  of  390  cc.  of  0.1  N  sulfuric 
acid  and  make  sure  all  has  dissolved  before  filtering  glass  off. 
Osmium  tetroxide  emits  poisonous  vapors  when  standing  in  air. 
Preserve  catalyst  in  a  glass-stoppered  bottle. 

Silver  Nitrate  Solution.  Dissolve  approximately  17  grams 
of  the  silver  nitrate  salt  in  1  liter  of  distilled  water. 

Ammonium  Persulfate  Solution.  Dissolve  20  grams  of  the 
persulfate  in  100  cc.  of  distilled  water  at  room  temperature. 
This  solution  must  be  prepared  fresh  each  time,  since  it  de¬ 
composes  upon  standing. 


Table  II. 

Effect  of  Time  of  Heating  Solution  on  Decomposition 
of  Ammonium  Persulfate 

Sodium 

Sodium  Arsenite  Variation 

Kxperi- 

Time  of 

Arsenite 

Required 

of  Trial 

ment  No. 

Heating 

Required 

for  Blank 

from  Blank 

Min. 

Cc. 

Cc. 

Cc. 

i 

12 

(water  bath) 

23.49 

(no  constant 
end  point) 

23.37 

-0.12 

2 

14 

(water  bath) 

23.35 

23.37 

-0.02 

3 

16 

(water  bath) 

23.37 

23.37 

0.00 

4 

18 

(water  bath) 

23.36 

23.37 

-0.01 

5 

20 

(water  bath) 

23.35 

23.37 

-0.02 

6 

22 

(water  bath) 

23.31 

23.37 

-0.06 

7 

24 

(water  bath) 

23.26 

23.37 

-0.11 

8 

5 

(open  flame) 

23.28 

23.37 

-0.09 

9 

4 

(open  flame) 

23.31 

23.37 

-0.06 

10 

3 

(open  flame) 

23.34 

23.37 

-0.03 

11 

2 

(open  flame) 

23.36 

23.37 

-0.01 

12 

1 

(open  flame) 

23.51 

(no  constant 
end  point) 

23.37 

-0.14 

Table  III.  Results  of  Actual  Trials  on  Standard  Samples 


Experi¬ 

Type  of 

Manganese 

Standard 

ment  No. 

Procedure 

Determined 

Value 

Error 

% 

% 

% 

1 

Persulfate 

56.67 

56.62 

-0.09 

2 

Persulfate 

56.65 

56.62 

-0.05 

3 

Persulfate 

56.57 

56.62 

-0.09 

4 

Persulfate 

56.62 

56.62 

None 

5 

Bismuthate 

56.26 

56.62 

-6.38 
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Sodium  Arsenite  Solution.  Dissolve  approximately  7 
grams  of  sodium  hydroxide  pellets  in  as  little  cold  water  as 
possible,  then  dissolve  exactly  4.9456  grams  of  pure  dry  arsenious 
oxide  in  this  solution.  Finally,,  neutralize  with  1  N  sulfuric 
acid,  transfer  to  a  1-liter  volumetric  flask,  and  dilute  to  the  mark. 
This  gives  an  exactly  0.1  N  solution  of  sodium  arsenite. 

Potassium  Permanganate  Solution.  Filter  through  a  Jena 
glass  crucible  an  approximately  0.1  N  solution  which  has  aged 
several  days,  and  standardize  against  pure  dry  sodium  oxalate. 
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Determination  of  Rate  of  Cure  of  GR-I  and  Natural  Rubbe 


LEONARD  H.  COHAN,  MADELINE  SOHN,  and  MARTIN  STEINBERG 
Continental  Carbon  Company  Research  Laboratories,  Chicago,  III. 


Indexes  of  rate  of  cure  previously  used  in  natur 
rubber  and  GR-S  have  been  compared  in  GR 
(Butyl).  Combined  sulfur  varies  with  cure  tin 
in  a  manner  similar  to  that  observed  in  natur 
rubber  and  GR-S.  The  T-50  temperature  vari 
only  slightly  with  cure  time  and  does  not  appe 
to  be  satisfactory  as  an  index  of  rate  of  cure 
GR-I.  Tensile  ratio  (tensile  at  an  undercut 
maximum  tensile)  appears  to  be  a  useful  index 
rate  of  cure  in  GR-I.  For  any  series  of  stocks 
convenient  undercure  is,  as  in  the  case  of  GR 
and  natural  rubber,  a  cure  giving  a  tensile  ratio 
about  0.60  for  the  stocks  in  the  series  having  intc 
mediate  cure  rates. 


COMBINED  SULFUR  AT  60'  CURE,  %  OF  ORIGINAL  SULFUR 


IN  A  previous  publication  two  of  the  autho 
studied  various  methods  for  determining  tl 
rate  of  cure  of  natural  rubber  and  GR-S  (i 
Evidence  was  presented  to  show  that  the  tensi 
ratio,  the  ratio  of  tensile  strength  at  an  unde 


cure  to  maximum  tensile  strength,  was  a  useful  index  of  ra 
of  cure. 


TESTS  IN  NATURAL  RUBBER  ON  PRODUCTION  CARBON  BLACKS 


In  order  to  examine  further  the  applicability  of  the  tensile  rat 
to  practical  rate  of  cure  problems,  tensile  ratio,  T-50  at  10  mi 
utes,  and  T-50  at  45  minutes  were  determined  for  forty-four  sai 


Table  I. 


Tensile  Ratio  and  T-50  for  Forty-four  Production  Chanr 
Black  Samples 


(Expressed  as  per  cent  of  a  standard  control) 


Average  Grade  AA  (EPC) 
Average  Grade  A  (MPC) 
Average  Grade  D  (MPC) 
Coefficient  of  correlation 


Tensile  Ratio, 
Tensile  10  Min./ 

T-50, 

T-5 

Tensile  45  Min. 

10  Min. 

45  M 

112 

117 

11 

106 

103 

11! 

103 

99 

11 

linute  cure  (all  grades) 
linute  cure  (all  grades) 

•50  at  45-minute  cure  (all  grades) 

1  1  + 
ooo 
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eptember,  1944 

ANALYTICAL 

EDITION 

Table  II 

Witcarb 

Pigments  in  GR-I 

Conti- 
Continex  nental 

Conti¬ 

nental 

Conti¬ 

nental 

Acetylene 

Gum 

R 

MT 

SRF 

AA 

D 

R-40 

Black 

R-I  (Butyl) 

100 

100 

100 

100 

100 

100 

100 

100 

nc  oxide 

5 

5 

5 

5 

5 

5 

5 

5 

oearic  acid 

1 

1 

1 

1 

1 

1 

1 

1 

ilfur 

etramethylthiuram 

2 

2 

2 

2 

2 

2 

2 

2 

disulfide 

1 

1 

1 

1 

1 

1 

1 

1 

fercaptobenzothiazole 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

ritcarb  R  (W-R) 

78 

'edium  thermal  (MT) 

50 

ontinex  SRF 

50 

ontinental  AA  (EPC) 
ontinental  D  (MPC) 

50 

50 

ontinental  R-40  (CC) 

50 

cetylene  black  (AC) 

Cure  at 
307°  F., 
Min. 

-Modulus  at  400%  Elongation 

Pounds  per  Square  Inch 

50 

8 

15 

30 

60 

90 

180 


8 

15 

30 

60 

90 

180 


8 

15 

30 

60 

90 

180 


8 

15 

30 

60 

90 

180 


8 

15 

30 

60 

90 

180 


8 

15 

30 

60 

90 

180 


8 

15 

30 

60 

90 

180 


8 

15 

30 

60 

90 

180 


30 

60 

90 

180 


90 

150 


15 

90 


60 


250 

200 

200 

350 

135 

150 

315 

300 

300 

175 

500 

100 

175 

200 

500 

475 

435 

200 

725 

150 

200 

250 

700 

650 

650 

250 

925 

175 

200 

285 

735 

800 

850 

350 

975 

200 

200 

325 

735 

925 

880 

400 

1000 

Tensile  at  Break,  Pounds  per  Square  Inch 

280“ 

1760 

1075 

1675 

1200 

1380 

390 

1250 

1100“ 

1875 

1460 

1820 

1960 

2160 

740 

1570 

2530“ 

1875 

1600 

1900 

2150 

2475 

14,00 

1600 

2530“ 

1825 

1675 

1850 

2335 

2670 

1675 

1600 

2000“ 

1800 

1525 

1800 

2300 

2630 

1750 

1600 

1975“ 

1800 

1525 

1750 

2300 

2650 

1700 

1500 

Elongation  at  Break 

% 

1300“ 

1000 

960 

935 

1000 

1110 

1200 

825 

1200“ 

875 

900 

815 

915 

960 

1100 

750 

1050“ 

835 

815 

725 

850 

925 

950 

650 

875“ 

815 

775 

675 

800 

885 

925 

600 

825“ 

800 

735 

650 

715 

790 

900 

590 

825“ 

800 

675 

635 

685 

770 

800 

575 

Breaking  Set,  % 

30 

25 

30 

60 

68 

150 

50 

25 

25 

25 

50 

50 

75 

38 

25 

25 

25 

43 

45 

58 

35 

23 

20 

25 

35 

35 

55 

35 

20 

15 

20 

27 

35 

50 

30 

18 

15 

20 

25 

30 

50 

19 

Tear,  Pounds  per  Square  Inch 

40 

200 

90 

200 

185 

280 

85 

200 

45 

150 

85 

200 

325 

405 

135 

215 

30 

145 

70 

190 

395 

475 

175 

250 

30 

125 

50 

150 

415 

495 

200 

220 

35 

115 

50 

160 

385 

440 

200 

220 

25 

125 

75 

160 

390 

435 

Durometer,  Instantaneous 

24 

40 

40 

48 

51 

51 

51 

51 

26 

40 

40 

49 

53 

55 

51 

55 

27 

42 

42 

50 

54 

56 

51 

56 

30 

45 

45 

55 

56 

59 

53 

60 

30 

46 

45 

53 

57 

62 

54 

60 

30 

45 

43 

51 

57 

62 

51 

60 

Durometer,  30-Second  Reading 

16 

30 

30 

39 

38 

39 

35 

41 

21 

34 

35 

41 

43 

46 

39 

47 

22 

38 

39 

45 

45 

46 

40 

51 

28 

40 

41 

50 

50 

52 

40 

57 

29 

41 

41 

50 

51 

55 

42 

57 

29 

41 

40 

47 

51 

56 

42 

56 

Rebound  at  100 

°  c„  %, 

Bashore 

37 

30 

34 

28 

21 

19 

18 

22 

38 

31 

36 

29 

22 

20 

18 

23 

43 

32 

37 

30 

23 

21 

20 

23 

46 

32 

39 

31 

24 

23 

21 

25 

48 

33 

41 

33 

26 

25 

22 

25 

46 

32 

40 

31 

26 

26 

23 

24 

Abrasion  Loss,  Du  Pont,  Cc. 

per  Hp.-Hour 

b 

1320 

1590 

346 

229 

b 

1020 

760 

265 

40i 

424 

160 

b 

937 

663 

249 

329 

361 

534 

481 

157 

Heat  Buildup,  °  F. c 

d 

195 

d 

201 

253 

257 

268 

e 

Williams  Plasticity,  Inch 

0.110 

0.118 

0.116 

0.124 

0.141 

0.150 

0.166 

0. 139 

Tubing  Rate,  Grams  per  Minute/ 

15.0 

26.0 

24.0 

27.0 

22.2 

20.8 

19.2 

29.7 

T-50,  °  C. 

-44.0 

-39.8 

-37.5 

-29.3 

-18.9 

-17.5  - 

10.8 

-  14.0 

—  43.0 

-25.5 

-23.8  - 

14.3 

Combined  Sulfur, 

%  of  Original  Sulfur 

49.8 

54.6 

47.9 

52.3 

41.8 

39.5 

26.6 

51.9 

Tensile  Ratio,  15-Minute/Maximum 

1.0 

0.87 

0.96 

0.84 

0.81 

0.42 

0.98 
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pies  of  channel  black  collected  weekly 
from  several  different  operating  units. 
The  blacks  were  milled  in  the  follow¬ 
ing  test  formulation  which  was  cured 
at  280°  F.: 


Smoked  sheet  100 

Stearic  acid  4 . 0 

Pine  tar  1 . 5 

Sulfur  3.0 

Phenyl-0-naphthylamine  1.0 

Zinc  oxide  3.0 

Mercaptobenzothiazole  1.0 

Carbon  black  50.0 


Under  the  conditions  used  all  the 
channel  blacks  reached  a  tensile  in  45 
minutes  sufficiently  close  to  the  maxi¬ 
mum  tensile  so  that  the  more  readily 
determined  ratio  (tensile  at  10 
minutes/tensile  at  45  minutes)  could 
be  used  for  tensile  ratio  in  place  of 
(tensile  at  10  minutes/maximum 
tensile) .  All  samples  were  tested 
alongside  a  standard  control  and  the 
average  values  reported  in  Table  I 
are  expressed  as  per  cent  based  on 
the  control.  Percentages  are  calcu¬ 
lated  so  that  higher  values  indicate 
faster  cure  rate. 

Considering  the  average  values  of 
the  three  grades  of  black  tested,  the 
tensile  ratio  and  T-50  at  10-minute 
cure  indicate  decreasing  rate  of  cure 
in  going  from  AA  to  D.  This  is  in 
agreement  with  actual  experience. 
T-50  at  45  minutes,  however,  does 
not  follow  the  expected  trend.  Like¬ 
wise,  the  coefficient  of  correlation  be¬ 
tween  tensile  ratio  and  T-50  at  10 
minutes  is  -f-0.30,  which  for  the 
number  of  stocks  used  shows  some 
interdependence,  there  being  less 
than  one  chance  in  twenty  that  this 
correlation  could  arise  through 
random  sampling  errors.  On  the  other 
hand,  T-50  at  45  minutes  shows  no 
correlation  with  either  tensile  ratio 
or  T-50  at  10  minutes.  Just  why 
the  T-50  at  10  minutes  and  T-50  at 
45  minutes  should  agree  so  poorly  for 
these  stocks  is  not  clear;  however, 
the  evidence  indicates  that  both 
tensile  ratio  and  T-50  at  10  minutes 


“  Results  questionable  owing  to  tendency 
of  gum  stock  to  tear  in  tensile  jaws. 

6  Test  block  crumbled  when  abraded. 

c  Heat  rise  of  center  of  test  plug  over 
room  temperature  (70°  =fc  3°  F.)  on  St. 
Joe  flexometer  after  20  minutes  at  475 
pounds’  vertical  load  and  0.130-inch  hori¬ 
zontal  deflection.  Face  plate  temperature 
of  100°  =t  2°  F.  used  at  beginning  of  each 
test. 

d  Test  plugs  blew  out  in  less  than  5 
minutes  under  conditions  of  test. 

e  Test  plug  could  not  be  successfully 
cured. 

/  0.5-inch  Royle  tuber,  Vie-inch  die,  24 
r.p.m.  screw  speed,  and  170°  F.  barrel  tem¬ 
perature. 
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can  be  used  as  indexes  of  cure  rate. 
The  tensile  ratio  has  the  advantage 
of  being  very  simply  obtained  from 
tensile  data  which  are  usually  de¬ 
termined  anyhow  in  evaluating  a 
stock. 

RATE  OF  CURE  OF  GR-1 

The  rate  of  cure  of  GR-I  (Butyl) 
was  studied,  following  the  approach 
previously  used  for  natural  rubber 
and  GR-S  (2).  Two  series  of  stocks 
were  used  in  this  work.  The  first 
series,  formula  and  tests  on  which 
appear  in  Table  II,  consists  of  one 
inorganic  and  various  carbon  pig¬ 
ments  and  covers  a  wide  range  of 
cure  rates.  The  second  series  (Table 
III)  includes  only  channel  carbon 
blacks  and  covers  a  narrower  cure 
range.  A  loading  of  25.6  volumes 
per  100  volumes  of  GR-I  was  used 
for  all  pigments.  Physical  proper¬ 
ties,  T-50  tests,  and  combined  sulfur 
data  are  included  in  the  tables. 
A.S.T.M.  standard  test  conditions 
were  used  except  where  otherwise 
specified.  A  different  shipment  of 
GR-I  was  used  in  each  set.  Although 
both  sets  are  consistent  within  them¬ 
selves,  appreciable  differences  were 
found  between  the  two  sets.  These 
differences  may  be  due  to  variation 
in  the  polymer  or  to  unintentional 
differences  in  processing  the  two 
sets. 

Combined  sulfur  was  calculated 
from  the  sulfur  originally  present  by 
subtracting  the  free  sulfur  determined 
by  the  sodium  sulfite  extraction 
method  ( 1 ,  4). 

The  sulfur  determinations  are  sub¬ 
ject  to  two  principal  errors:  (1)  the 
tetramethylthiuram  disulfide  in  the 
formula  may  interfere,  giving  high 
results  for  free  sulfur,  and  (2)  slow 
diffusion  through  GR-I  may  lead  to 
incomplete  extraction  of  the  free 
sulfur  in  the  standard  2-hour  ex¬ 
traction  time.  Determinations  were 
therefore  carried  out  at  various  ex¬ 
traction  times  with  the  results  shown 
in  Table  IV.  In  the  case  of  the  un¬ 
cured  stock,  a  value  equal  to  essen¬ 
tially  all  the  free  sulfur  is  obtained 
in  8  hours.  Since  for  the  cured 
stock  the  per  cent  of  sulfur  extracted 
also  appears  to  be  leveling  off  at 
about  this  time,  the  8-hour  extraction 
was  adopted  throughout.  (Since 
this  work  was  completed  a  new 
method  for  determination  of  sulfur 
in  Butyl  based  on  methyl  ethyl 
ketone  extraction  has  appeared,  5.) 

The  physical  test  data  in  Tables 
II  and  III  were  used  to  determine 
time  to  reach  maximum  tensile,  ten¬ 
sile  product,  tear,  and  rebound;  time 
to  reach  minimum  reduced  residual 
elongation  (breaking  set  divided  by 
tensile);  time  to  reach  85%  and 
other  percentages  of  maximum  physi¬ 
cal  properties;  tensile  ratio  (ten- 


Table  III.  Channel  Blacks  in  GR-I" 


GR-I  (Butyl) 

Zinc  oxide 
Stearic  acid 
Sulfur 

Tetramethylthiuram  disulfide 
Mercaptobenzothiazole 
Continental  AAA  (EPC) 
Continental  AA  (EPC) 
Continental  A  (MPC) 
Continental  D  (MPC) 
Continental  F  (HPC) 
Continental  R-20  (CC) 
Continental  R-30  (CC) 
Continental  R-40  (CC) 


Conti¬ 

Conti¬ 

Conti¬ 

Conti¬ 

nental 

nental 

nental 

nental 

AAA 

A  A 

A 

D 

100 

100 

100 

100 

5 

5 

5 

5 

1 

1 

1 

1 

2 

2 

2 

2 

1 

1 

1 

1 

0.5 

0.5 

0.5 

0.5 

50 

50 

50 

50 

Conti¬ 

Conti¬ 

Conti¬ 

Conti¬ 

nental 

nental 

nental 

nental 

F 

R-20 

R-30 

R-40 

100 

100 

100 

100 

5 

5 

5 

5 

1 

1 

1 

1 

2 

2 

2 

2 

1 

1 

1 

1 

0.5 

0.5 

0.5 

0.5 

50 

50 

50 

50 

Cure  at 
307°  F., 


Min. 

Modulus 

at  400%  Elongation. 

,  Pounds  per  Square  Inch 

8 

250 

180 

200 

210 

150 

75 

15 

375 

280 

250 

320 

475 

300 

300 

125 

30 

650 

400 

400 

450 

550 

450 

375 

250 

60 

750 

600 

600 

625 

600 

650 

550 

350 

90 

800 

700 

750. 

775 

675 

700 

725 

400 

180 

900 

800 

900 

950 

800 

875 

775 

525 

Tensile  at  Break,  Pounds  per  Square  Inch 


8 

1275 

775 

925 

800 

800 

1075 

525 

335 

15 

1750 

1400 

1500 

1600 

1600 

1725 

1450 

550 

30 

2010 

1675 

2100 

2250 

2225 

2475 

2300 

1100 

60 

2325 

2000 

2400 

2425 

2500 

2650 

2525 

1350 

90 

2300 

1950 

2400 

2475 

2475 

2725 

2600 

1400 

180 

2250 

1925 

2325 

2400 

2400 

2725 

2575 

1535 

8 

1120 

1055 

15 

980 

890 

30 

880 

825 

60 

795 

760 

90 

700 

700 

180 

700 

655 

Elongation 

at  Break, 

1200 

1170 

930 

1025 

1035 

835 

895 

870 

800 

800 

815 

790 

740 

740 

755 

705 

705 

740 

% 


950 

900 

800 

860 

880 

730 

850 

950 

775 

775 

845 

770 

750 

805 

700 

740 

780 

700 

Breaking  Set,  % 


8 

53 

53 

68 

75 

75 

40 

110 

165 

15 

40 

38 

53 

50 

53 

50 

92 

75 

30 

32 

35 

45 

45 

50 

50 

70 

70 

60 

30 

30 

38 

38 

50 

45 

70 

60 

90 

25 

33 

35 

33 

38 

38 

65 

60 

180 

25 

25 

30 

30 

35 

37 

58 

60 

Tear,  Pounds  per  Inch 

8 

260 

150 

145 

130 

145 

250 

120 

135 

15 

380 

225 

235 

350 

310 

395 

175 

145 

30 

425 

315 

480 

475 

430 

495 

430 

190 

60 

475 

365 

495 

485 

475 

495 

545 

195 

90 

450 

350 

460 

475 

485 

500 

545 

200 

180 

450 

350 

460 

415 

475 

500 

530 

215 

Durometer,  Instantaneous 

•  8 

47 

46 

45 

50 

40 

47 

45 

25 

15 

49 

48 

47 

51 

45 

50 

50 

30 

30 

50 

49 

49 

51 

49 

52 

51 

35 

60 

52 

50 

52 

55 

52 

54 

53 

50 

90 

52 

51 

54 

56 

51 

55 

57 

49 

180 

52 

50 

55 

54 

50 

54 

57 

50 

Durometer,  30-Second  Reading 

8 

35 

35 

31 

36 

28 

38 

33 

20 

15 

40 

40 

39 

41 

39 

43 

40 

22 

30 

43 

41 

41 

45 

40 

45 

45 

26 

60 

46 

45 

46 

48 

47 

48 

46 

40 

90 

48 

48 

50 

50 

46 

50 

50 

41 

180 

48 

45 

50 

50 

48 

49 

50 

43 

Rebound  at  100° 

C.,  %,  Bashore 

8 

24 

25 

23 

23 

25 

22 

19 

19 

15 

25 

27 

24 

25 

25 

23 

21 

21 

30 

31 

33 

30 

29 

27 

26 

23 

26 

60 

32 

34 

30 

30 

28 

25 

22 

24 

90 

33 

33 

31 

30 

29 

27 

25 

25 

180 

31 

.32 

29 

28 

28 

27 

24 

24 

Heat  Buildup,  0  F. 

150 

242 

242 

247 

251 

248 

256 

b 

c 

Tubing  Rate,  Grams  per  Minute 

18.4 

18.8 

18.2 

18.6 

17.3 

14.6 

14.7 

16.4 

T-50, 

0  C. 

15 

-21.3 

-21.0 

-20.4 

-20.5 

-20.2 

-19.6  - 

-16.0 

-10.8 

90 

-25.0 

-24.4 

-24.0 

-25.5 

Combined  Sulfur,  %  of  Original  Sulfur 

30 

38.0 

36.2 

31.9 

30.7 

30.2 

60 

45.4 

43.6 

40.0 

40.0 

40.0 

40.2 

41.6 

32. 6 

Tensile  Ratio  (15-Minute/Maximum) 

0.75 

0.70 

0.63 

0.65 

0.64 

0.63 

0.56 

0.36 

a  Same  test  conditions  as  listed  in  Table  II. 

h  Blew  out  in  18.5  minutes  under  conditions  of  test. 

c  Test  plug  would  not  cure  properly  even  after  4  hours  at  307°  F. 
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appears  too  low  compared  with  the  T-50  values  for 
the  loaded  stocks.  In  natural  rubber,  too,  it  has 
been  found  that  the  T-50  cannot  be  used  in  com¬ 
paring  the  rate  of  cure  of  a  gum  stock  with  that  of 
loaded  stocks  (2).  In  such  a  comparison,  T-50  is 
out  of  line  with  practically  all  other  indexes  of 
rate  of  cure. 

Of  those  indexes  showing  good  correlation  with 
combined  sulfur,  tensile  ratio  is  for  many  purposes 
one  of  the  most  convenient  to  determine.  It  there¬ 
fore  appears  that  tensile  ratio  is  a  useful  index  of 
rate  of  cure  in  GR-I  as  well  as  in  natural  rubber 
and  GR-S. 

The  T-50  temperature  decreases  slightly  with 
increasing  cure  time.  The  decrease  is  greater  than 
for  GR-S  but  much  less  than  for  natural  rubber. 
In  view  of  the  small  difference  between  T-50 
at  15  minutes  and  T-50  at  90  minutes,  the 
rather  large  differences  between  stocks  containing 
various  pigments  were  surprising.  Apparently  this 
behavior  may  be  due  to  the  effect  of  some  other 
property  of  the  stock,  such  as  set,  on  T-50,  rather 
than  to  rate  of  cure.  In  any  case  it  appears 
doubtful  that  the  T-50  temperature  can  be 
used  as  a  satisfactory  index  of  rate  of  cure  for 
GR-I. 


ile  at  15  minutes /maximum  tensile) ;  and  tensile  product  ratio 
tensile  product  at  15  minutes/maximum  tensile  product).  The 
5-minute  cure  was  selected,  as  this  cure  gave  tensile  ratios  be¬ 
tween  0.30  and  1.00  for  all  stocks  and  ratios  of  about  0.60  for 
(itocks  having  intermediate  cure  rates.  Time  to  reach  optimum 
;  ure  as  judged  by  hand  tear  was  also  determined.  No  attempt 
cas  made  to  determine  the  break  in  the  modulus  versus  cure  time 
urve,  as  the  change  in  slope  of  this  curve  is  very  gradual  for  the 
jR-I  formulation  used.  The  indexes  of  rate  of  cure  which  have 
leen  proposed  in  the  literature  and  also  those  indexes  which  were 
ound  to  correlate  closely  with  combined  sulfur  are  plotted  against 
ombined  sulfur  in  Figures  1  to  5.  Prediction  indexes  (P.I.  = 
—  y/  1  —  r2,  where  r  is  the  coefficient  of  correlation)  showing 
he  extent  of  correlation  of  the  various  indexes  of  rate  of  cure 
vith  combined  sulfur  are  tabulated  on  the  figures. 

In  both  the  pigment  and  channel  black  series,  tensile  ratio 
hows  a  high  degree  of  correlation  with  combined  sulfur.  Time 
o  85%  maximum  tensile,  time  to  optimum 
ensile,  time  to  optimum  machine  tear,  and 
ime  to  optimum  tensile  product  also  show  a 
dgnificant  correlation  within  the  95%  con- 
idence  limits  for  both  sets.  The  minimum  in 
he  reduced  residual  elongation  versus  cure- 
ime  curve  is  not  an  absolute  minimum  but 
i  mathematical  minimum  followed  by  a  maxi- 
num  and  then  a  further  drop  to  lower  levels, 
or  this  reason,  the  minimum  is  difficult  to 
letermine  unless  a  considerable  number  of 
■ures  are  available  in  the  minimum  region. 

The  minimum  could  be  determined  for  only 
ive  of  the  pigment  series  and  two  of  the 
hannel  black  series. 

The  GR-I  gum  stock  was  not  included  in  the 
;raphs  or  calculations  because  of  the  ques- 
ionable  character  of  most  of  the  stress-strain 
lata.  This  stock  tore  so  easily  that  it  was 
■xtremely  difficult  to  prevent  test  dumbbells 
rom  tearing  in  the  jaws  of  the  tensile  machine. 

The  values  reported  were  obtained  by  using  a 
larrow  die  (0.090  instead  of  0.250  inch  in 
vidth)  and  disregarding  all  samples  which  did 
lot  break  near  the  center  of  the  test  dumb¬ 
bell.  Judging  from  the  combined  sulfur  re¬ 
mits,  the  T-50  value  for  the  gum  stock  also 


The  T-50  temperature  may  be  associated  with  the  melting 
point  of  crystallites  formed  at  low  temperature  in  the  stretched 
polymer.  Since  GR-S  does  not  crystallize  and  GR-I  crystallizes 
to  only  a  limited  extent  at  high  elongation,  we  might  expect  them 


Table  IV.  Effect  of  Extraction  Time  on  Amount  of  Sulfur  Extracted 

(Expressed  as  per  cent  of  original  sulfur) 


Extraction  Time 

2 

4 

5.5 

8 

16 

Stock 

Hours 

Hours 

Hours 

Hours 

Hours 

Continental  AA  in  GR-I  (un¬ 
cured) 

75.3 

95.2 

99.4 

Continental  D  in  GR-Ia  (60- 
min.  cure) 

55.5 

57.9 

57.9 

58.9 

A  different  cure  than  reported  in  Table  II. 
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interest  to  determine  the  temperature  at  whic 
the  x-ray  crystal  pattern  disappears  in  stretch* 
natural  rubber  as  a  function  of  time  of  cur 
(The  per  cent  crystalline  phase  at  a  given  elong; 
tion  has  been  found  to  increase  sharply  at  very  ear 
cures  followed  by  a  gradual  decrease,  3.  Howeve 
this  behavior  is  not  necessarily  connected  with  tl 
temperature  at  which  crystallites  melt.) 
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to  show,  respectively,  no  and  very  little  variation  in  T-50  tern-  pre3ented  before  the  Division  of  Rubber  Chemistry  at  its  New  Yo 

perature  with  time  of  cure.  In  this  connection  it  might  be  of  meeting. 


Quantitative  Determination  of  Extractable  Gossypol  in 
Cottonseed  and  Cottonseed  Meal 

A  Spectrophotometric  Method 

CHARLOTTE  H.  BOATNER,  MAIZIE  CARAVELLA,  and  LILLIAN  KYAME1 
Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


The  reaction  of  gossypol  with  antimony  trichloride  in  ether  and 
chloroform  extracts  of  cottonseed  is  specific  and  the  reaction  product 
is  sufficiently  stable  to  permit  accurate  spectrophotometric  determi¬ 
nation  of  the  gossypol  concentration  of  such  extracts.  A  rapid 
direct  method  for  determination  of  free  gossypol  in  cottonseed  is  re¬ 
ported,  in  which  the  gossypol  is  extracted  by  equilibrating  ground 
cottonseed  and  chloroform,  treating  the  extract  with  concentrated 
hydrochloric  acid,  and  applying  the  antimony  trichloride  reaction 
directly  to  the  treated  extract. 

IT  WAS  recently  shown  ( 1 )  that  gossypol  reacts  with  anti¬ 
mony  trichloride  in  chloroform  to  form  a  soluble  red  product 
having  an  absorption  curve  which  exhibits  a  broad  maximum 
at  510  to  520  mp.  It  was  shown  further  that  the  magnitude  of 
the  extinction  at  the  maximum  is  directly  proportional  to  the 
concentration  of  gossypol  in  the  test  solution  and  that  therefore 
the  absorption  spectrum  of  the  antimony  trichloride  reaction 
product  could  be  used  as  a  quantitative  measure  of  gossypol  in 
solution.  However,  it  was  found  that  the  absorption  curves  of 
the  antimony  trichloride  reaction  products  with  cottonseed  ex¬ 
tracts  differed  somewhat  from  those  of  similar  products  ob¬ 
tained  with  solutions  of  pure  gossypol. 

Subsequent  investigation  of  the  antimony  trichloride  reaction 

1  On  military  leave  for  duty  with  U.S.N.W.R. 


products  with  cottonseed  extracts  has  shown  that  in  most  cas 
the  reaction  product  exhibits,  initially,  an  absorption  cur 
identical  with  that  obtained  with  pure  gossypol.  Antimoi 
trichloride  evidently  reacts  more  rapidly  with  gossypol  than  wi 
the  interfering  reactants  which  may  be  present  in  cottonseed  e 
tracts.  Consequently,  when  the  absorption  maximum  at  510 
520  m/i  of  the  reaction  product  of  antimony  trichloride  with 
cottonseed  extract  is  determined  before  interfering  reactio 
have  developed,  the  height  of  this  maximum  serves  as  a  quantit 
tive  measure  of  the  concentration  of  gossypol  in  such  an  extra< 

In  some  hydraulic  press-cake  meals,  as  well  as  in  some  ra 
cottonseed,  much  of  the  “free”  gossypol  occurs  in  the  form  of  i 
orange-colored  pigment  (2)  which  can  be  converted  into  gossyp 
by  treating  the  extracts  with  concentrated  hydrochloric  aci 
Following  such  treatment,  these  extracts  react  with  antimoi 
trichloride  in  a  manner  completely  analogous  to  that  of  cotto 
seed  extracts  containing  negligible  amounts  of  the  orange-colon 
pigment. 

ANTIMONY  TRICHLORIDE  REACTION  WITH  PURE  GOSSYPOL 

The  gossypol-antimony  trichloride  reaction  is  carried  out 
follows: 

To  1  ml.  of  a  chloroform  solution  of  purified  gossypol  in  a  gla; 
stoppered  absorption  cell  there  are  added  1  drop  of  acetic  anb 
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dride  and  5  ml.  of  a  saturated  chloroform  solution  of  antimony 
trichloride.  The  acetic  anhydride  is  added  to  prevent  the 
development  of  the  hazes  produced  by  moisture  in  the  extracts. 
For  the  same  reason  it  is  desirable  to  mix  the  reagents  directly 
in  the  absorption  cells  and  thus  avoid  unnecessary  exposure  to 
itmospheric  moisture.  The  transmission  of  the  solution  is 
aveasured  against  that  of  a  blank  which  consists  of  1  ml.  of  ehloro- 
:orm,  1  drop  of  acetic  anhydride,  and  5  ml.  of  a  saturated  chloro- 
orm  solution  of  antimony  trichloride. 

The  volumes  of  reagents  indicated  were  chosen  to  suit  the 
capacity  of  the  cells  designed  for  the  Coleman  double  mono¬ 
chromator  spectrophotometer  which  was  used  for  all  absorption 
measurements  reported  here.  The  Coleman  spectrophotometer 
s  equipped  with  cells  having  an  estimated  optical  depth  of  1.27 
cm.  and  all  extinction  coefficients  were,  therefore,  expressed  in 
;erms  of  this  optical  depth  rather  than  the  customary  1.0-cm. 
iepth.  Extinction  coefficients  are  defined  by  the  equation 

E  =  ^  where  log  I0/I  is  the  extinction,  70,  the  intensity 


)f  light  transmitted  by  the  blank,  I  the  intensity  of  light  trans¬ 
mitted  by  the  solution,  c  the  concentration  of  the  solution,  and 
:  the  length  of  the  path  of  light  through  the  liquid.  The  extinc¬ 
tion  coefficients  were  calculated  in  terms  of  the  optical  depth  of 
he  absorption  cells  used  (1.27  cm.)  and,  for  convenience  in 
calculating  the  concentration  of  gossypol  in  test  extracts,  they 
■vere  expressed  in  terms  of  the  concentration  in  grams  of  gossypol 
cer  100  ml.  of  the  original  solution  to  which  the  acetic  anhydride 
end  the  antimony  trichloride  solution  were  added. 


The  absorption  curve  of  the  antimony  trichloride  reaction 
product  with  pure  gossypol  is  shown  in  Figure  1.  The  curve  is 
characterized  by  two  maxima,  a  broad  one  in  the  visible  range  at 
>10  to  520  m/i,  and  a  sharper  one  in  the  near  ultraviolet  at  380 
mm,  and  by  a  minimum  at  430  m/u. 

As  shown  in  Figure  2,  a  straight-line  relationship  exists 
cetween  the  values  of  logio  h/I  and  the  concentration  of  gossypol 
it  520,  430,  and  380  m,u  for  concentration  of  gossypol  in  the 
triginal  solution  ranging  from  0.004  to  0.016  gram  per  100  ml.  of 
lolution.  These  values  were  obtained  with  solutions  of  three 
c reparations  of  gossypol  prepared  according  to  two  independent 
crocedures  (1,2). 

The  existence  of  two  well-defined,  widely  separated  absorption 
naxima  permitted  the  mathematical  characterization  of  the 
ibsorption  spectrum  (4,  15)  of  the  gossypol-antimony  trichloride 
reaction  product  in  terms  of  the  ratios  of  the  magnitudes  of  the 
maxima  to  each  other  and  to  the  minimum.  These  ratios  can 


be  used  for  establishing  the  specificity  (4,  15)  of  the  reaction  for 
gossypol  contained  in  extracts  of  cottonseed.  As  shown  in 
Table  I,  the  value  of  the  ratio  Ra,  log10  h/1  at  520  mM  to  logi0  h/1 
at  430  m^i,  is  2.68  0.23,  and  the  ratio  Rb,  log  i0  h/1  at  520  npu 

to  logio  h/1  at  380  m^,  is  1.22  ±  0.07  for  pure  gossypol  in  the 
antimony  trichloride  reaction. 

The  absorption  spectrum  in  the  range  370  to  600  m/j  reaches  its 
maximum  development  within  10  minutes  after  the  reagents  are 
mixed  and  is  stable  for  at  least  24  hours. 


In  contrast  to  the  reaction  of  gossypol,  the  orange-colored  pig¬ 
ment  from  cottonseed  (2)  does  not  form  a  stable  reaction  product 
with  antimony  trichloride.  When  a  chloroform  solution  of  the 
orange-colored  pigment  is  first  treated  with  concentrated  hydro¬ 
chloric  acid  and  then  reacted  with  antimony  trichloride,  the 
reaction  product  exhibits  an  absorption  spectrum  identical  with 
that  of  the  gossypol-antimony  trichloride  reaction  product  with 
respect  to  both  positions  and  ratios  of  maxima  and  minimum. 

Because  of  its  broadness  and  its  position  in  the  visible  wave¬ 
length  range,  the  absorption  maximum  at  510  to  520  m,u  serves 
best  as  a  standard  for  computing  gossypol  concentrations  in  test 
solutions.  When  dilutions  ranging  from  0.004  to  0.016%  gossy¬ 
pol  of  nine  different  solutions  of  three  preparations  of  pure 
gossypol  obtained  by  two  different  procedures  (1,  2)  were  used, 
the  values  for  Fj\J//7  cm.  at  520  npt  shown  in  Table  I  were  ob¬ 
tained.  From  these  data  it  may  be  concluded  that  the  value  of 
E  1.27  cm.  at  520  m/i  is  65.5  ±  1.9  for  gossypol  in  the  antimony 
trichloride  test  where  the  concentration  of  gossypol  is  expressed 
in  terms  of  grams  per  100  ml.  of  the  original  solution. 


0  0  0  2  04  0.6  0  8  10 
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Figure  2.  Demonstration  of  Beer's  Law  in  Gossypol- 
Antimony  Trichloride  Reaction 

I.  Extinction  at  430  mM  os.  gossypol  concentration 

II.  Extinction  at  380  him  os.  gossypol  concentration 

III.  Extinction  at  520  mm  os.  gossypol  concentration 

Arabic  numerals  indicate  multiplicity  of  points  obtained  in  independent 
tests. 
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Table  1.  Absorption  Spectrum  of  Antimony  Trichloride  Reaction 
Product  with  Pure  Gossypol 

E  !% 

GossvdoI  Concentration,  1.27  cm. 

Preparation 

Gram/100  Ml. 

Raa 

Rbb 

at  520  m/x 

FSBP 

0.010 

2.49 

1.17 

63.8 

0.010 

2.88 

1.29 

62.9 

0.016 

2.72 

1.15 

62.5 

0.008 

3.16 

1.29 

63.7 

0.008 

2.84 

1.28 

61.9 

0.004 

3.02 

1.37 

65.0 

Yoo 

0.010 

2.69 

1.22 

69.9 

0.005 

2.49 

1.20 

68.4 

0.010 

2.69 

1.26 

65.8 

0.005 

2.57 

1.20 

67.4 

0.005 

2.79 

1.24 

64.6 

0  016 

3.03 

1.32 

63.9 

0.008 

2.82 

1.24 

64.5 

0.004 

2.49 

1.15 

65.0 

FSBC 

0.016 

2.80 

1.27 

66.9 

0.016 

2.77 

1.16 

65.4 

0.016 

2.66 

1.29 

65.4 

0.008 

2.58 

1.21 

63.6 

0.008 

2.53 

1.15 

66.3 

0.008 

2.47 

1.28 

66.3 

0.004 

2.11 

1.11 

63.0 

0.004 

1.99 

1.08 

65.0 

0.004 

2.68 

1.34 

65.0 

0.010 

2.69 

1.26 

68.8 

0.010 

2.61 

1.19 

66.8 

0.010 

2.86 

1.19 

66.8 

0.005 

2.56 

1.10 

65.6 

0.005 

2.69 

1.22 

67.4 

Y«f 

0.016 

2.73 

1.24 

65.4 

0.008 

2.83 

1.22 

66.3 

0.004 

2.96 

1.27 

66.0 

Average  values 

2.68 

1.22 

65.5 

Deviation  from 

mean 

±0.23 

±0.07 

±  1.9 

°  R a  =  log  10  Io/I  at  520  m/x  to  log  10  Io/I  at  430  m/x. 
b  Rb  =  logio  Io/I  at  520  mix  to  logio  7o//  at  380  m/x. 

c  Solutions  treated  with  concentrated  hydrochloric  acid  before  reaction 
with  antimony  trichloride. 


ANTIMONY  TRICHLORIDE  REACTION  APPLIED  TO  COTTON- 
SEED  EXTRACTS 

The  complete  absorption  curves,  in  the  region  of  370 
to  600  m/x,  of  freshly  prepared  mixtures  of  chloroform 
extracts,  and  of  chloroform  solutions  of  ether  extracts, 
of  many  cottonseeds  with  antimony  trichloride  are 
almost  identical  with  the  absorption  curve  obtained 
with  pure  gossypol  and  antimony  trichloride.  As  the 
reaction  mixtures  stand,  absorption  increases  in  the 
shorter  wave-length  region  and  the  whole  character  of 
the  curves  changes.  In  order  to  establish  the  speci¬ 
ficity  of  the  reaction  it  was  necessary  to  read  the  « 

spectra  as  soon  as  possible  after  the  reagents  were  ® 

mixed.  Therefore,  only  the  absorptions  at  the  critical 
wave  lengths,  530,  520,  510,  500,  430,  390,  380,  and  370  § 

m/x,  were  determined  and  these  were  read  as  rapidly  as  ° 

possible  after  the  expiration  of  the  10-minute  induction  t 

period.  With  this  procedure  it  was  found,  as  shown 
in  Table  II,  that  the  absorption  spectra  of  fresh  mix¬ 
tures  of  antimony  trichloride  with  chloroform  solutions 
of  both  chloroform  and  ether  extracts  of  cottonseed 
are  analogous  to  the  gossypol-antimony  trichloride 
absorption  spectrum.  The  maxima  and  the  minimum 
occur  at  the  same  wave  lengths  and  are  of  the  same 
relative  magnitudes,  as  shown  in  Table  II.  The  spectra 
listed  in  the  table  were  chosen  to  illustrate  both  the 
best  and  worst  agreement  of  the  Ra  and  Rb  values  of 
the  extract  reaction  products  with  those  of  the  pure 
gossypol  reaction  product.  Several  examples  of  values 
obtained  from  the  reaction  performed  with  duplicate 
samples  of  the  same  extract  and  with  duplicate  ex¬ 
tracts  of  the  same  cottonseed  are  included.  The  dupli¬ 
cation  of  the  values  of  E  at  520  m/x,  even  though  the 
values  of  the  ratios  are  not  duplicates,  demonstrates 
that  the  value  of  E  at  520  m/x  is  an  accurate  measure 
of  the  gossypol  concentration. 

Chloroform  and  ether  extracts  of  some  hydraulic- 
pressed  cottonseed  meals,  as  well  as  of  some  raw 


cottonseed,  produce  an  orange  or  yellow  color  instead  of  the 
characteristic  red  reaction  product  with  antimony  trichloride. 
The  absorption  spectra  of  these  reaction  products  are  very 
unstable  but  show  certain  definite  tendencies  as  illustrated 
in  curves  1  and  2  of  Figure  3.  The  first  maximum  shifts 
from  510  to  520  mjj  to  490  mu;  a  new  maximum  appear- 
at  450  m/x;  and  the  maximum  at  380  m/x  shifts  to  390  m/x. 
Such  curves  appear  to  represent  the  result  of  superposing 
on  the  gossypol-antimony  trichloride  absorption  curve,  which 
has  maxima  at  380  m/x  and  510  to  520  m/x,  the  absorption 
curve  of  the  unstable  reaction  product  of  antimony  trichloride 
with  the  orange-colored  pigment  ( 2 ),  which  has  a  maximum  at 
450  to  460  m/x,  and  that  of  the  unstable  antimony  trichloride 
reaction  product  with  at  least  one  other  pigment,  which  has 
maxima  at  390  and  490  m/x.  In  confirmation  of  this  explanation 
of  the  shape  of  these  curves,  it  was  observed  that  when  such  ex¬ 
tracts  were  treated  with  concentrated  hydrochloric  acid  prior  tc 
their  reaction  with  antimony  trichloride,  reaction  products  whicl 
showed  typical  gossypol-antimony  trichloride  absorption  curve; 
were  obtained,  as  shown  in  Table  II. 

Thus  it  has  been  possible  to  apply  absolute  criteria  for  th< 
establishment  of  the  specificity  (4, 15)  of  the  antimony  trichloridi 
reaction  for  gossypol  in  cottonseed  extracts.  It  is  evident  tha- 
any  concurrent  reactions  of  antimony  trichloride  to  form  colorec 
products  with  extractable  components  of  cottonseed  other  thai 
gossypol  would  alter  the  shape  of  the  curve  and  thus  change  th 
values  of  the  ratios.  In  the  absence  of  such  interfering  reac 
tions  the  absorption  serves  as  a  direct  measure  of  the  gossypo 
concentration  in  the  extracts. 


Figure  3.  Absorption  Curves  of  Antimony  Trichloride  Reaction  Product 
with  Cottonseed  Extracts 

1.  Reaction  product  with  chloroform  extract  1  5  to  20  minutes  after  mixing  reactants 

2.  Reaction  product  with  chloroform  extract  24  hours  after  mixing  reactants 

3.  Reaction  product  with  Skellysolve  F  extract  24  hours  after  mixing  reactants 
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ble  II.  Absorption  Spectrum  of  Antimony  Trichloride  Reaction 
Product  with  Gossypol  in  Cottonseed  Extracts 


Cottonseed 

Sample 


Extraction 

Solvent 


Ra 


E  at  520  mjr  Per  Cent 

Rb  per  Gram  Gossypol 


>77-1 

CHCls 

1.93 

1.06 

56.2“ 

CHCls 

2.07 

1.07 

56.2“ 

>77-VII 

CHCls 

1.59 

0.90 

64.8 

>77-IX 

(C2H5)  2O 
CHCls 

2.21 

2.00 

1.13 

1.13 

65.5 

66.3 

(C2H5)  2O 

2.14 

1.18 

66.3 

!05e*> 

CHCls 

1.64 

1.10 

22.5 

?C-C-77-VIIac 

(C2H6)20 

1.71 

0.95 

22.5 

CHCls 

1.23 

0.92 

15.1 

?C-7C 

CHCls 

1.78 

1.04 

32.1 

205a  6 

CHCls 

1.98 

1.15 

84.2 

pc-g* 

CHCls 

1.94 

1.12 

70.0 

105b 

CHCls 

2.04 

1.17 

67.2 

>78 

CHCls 

2.29 

1.19 

45.2 

0.858 

0.858 

0.991 

1.00 

1.01 

1.01 

0.344 

0.344 

0.235 

0.481 

1.29 

1.07 

1.03 

0.681 


“  Duplicate  tests  of  same  extract. 

b  Raw  cottonseeds  contained  considerable  quantities  of  orange-colored 
»ment,  so  that  chloroform  solutions  were  treated  with  concentrated  hy- 
ochloric  acid  prior  to  reaction  with  antimony  trichloride. 
c  Hydraulic-pressed  meals  treated  as  in  fj. 


Fortunately,  whether  because  of  compensation  or  a  slower 
■velopment  of  interference  at  this  point,  within  10  minutes  of 
ixing  the  antimony  trichloride  solution  with  the  extract  the 
(sorption  at  520  mp  increases  to  a  value  which  remains  constant 
r  a  considerable  period  of  time,  ranging  from  24  hours  for  some 
:tracts  to  a  minimum  of  30  minutes  for  the  least  stable  of  a 
ries  of  117  extracts  of  64  different  raw  cottonseeds  and  meals 
amined.  Therefore,  the  value  of  the  extinction  at  520  mp  of 
ie  antimony  trichloride  reaction  products  with  chloroform  solu- 
ms  of  ether  or  chloroform  extracts  of  cottonseed,  or  with  acid- 
eated  chloroform  solutions  of  ether  or  chloroform  extracts 
hydraulic-pressed  cottonseed  meals  determined  within  10  to 
I  minutes  after  the  reagents  are  mixed,  is  a  true  measure  of  the 
ijissypol  content  of  the  extract. 

As  is  shown  in  Table  III,  the  addition  of  measured  amounts  of 
ire  gossypol  to  cottonseed  extracts  produces  increases  in  the 
tinction  at  520  mp  of  the  reaction  product  with  antimony  tri- 
iloride  which  are  quantitatively  proportional  to  the  amount  of 
ire  gossypol  added.  The  values  shown  in  Table  III  establish 
e  precision  of  the  method.  When  conducted  as  described,  the 
itimony  trichloride  reaction  method  permits  the  determination 
the  gossypol  content  of  ether  and  chloroform  extracts  of  cot- 
nseed  and  of  hydraulic-pressed  cottonseed  meals  with  a  du¬ 
rability  within  ±  1%  of  the  total  gossypol  concentration  of  the 
tracts.  This  is  the  limit  of  precision  of  the  spectrophotometer 
it  is  used  in  the  test. 

Absorption  spectra  curves  of  antimony  trichloride  reaction 
oducts  with  cottonseed  oils  or  Skellysolve  F  extracts  differ 
arkedly  from  that  6f  the  gossypol-antimony  trichloride  reac- 
on  product.  As  shown  in  curve  3  of  Figure  3,  when  the  anti- 
ony  trichloride  reaction  product  of  such  an  extract  has  stood 
r  some  time,  well-defined  absorption  maxima  at  380,  450,  and 
0  to  490  nip  develop.  Treatment  of  chloroform  solutions  of 
e  oils  or  Skellysolve  F  extracts  with  concentrated  hydrochloric 
id  prior  to  reaction  with  antimony  trichloride  causes  the  for- 
>ation  of  pink  reaction  products.  The  absorption  spectra  curves 
i  longer  exhibit  a  maximum  at  450  mp  and  absorption  at  510  to 
0  mp  is  increased,  but  absorption  at  390  and  490  mp  remains 
?h,  so  that  the  absorption  curves  only  very  slightly  resemble  the 
ssypol-antimony  trichloride  absorption  curve.  These  obser- 
tions  indicate  the  presence  of  the  orange-colored  pigment  in 
ttonseed  oils  and  Skellysolve  F  extracts.  They  indicate  fur- 
:er,  however,  that  the  orange-colored  pigment  occurs  in  such 
atively  small  amounts  that  even  when  it  has  been  converted 
1  gossypol  by  the  action  of  hydrochloric  acid,  the  gossypol- 
timony  trichloride  reaction  is  masked  by  the  reaction  of  the 
eponderant  interfering  pigments.  Chloroform  and  ether  ex¬ 
acts  of  nondefatted  cottonseed  evidently  contain  some  of  this 
erfering  substance,  but  in  much  lower  relative  concentrations, 
that  its  only  effect  is  to  reduce  the  stability  of  the  spectro- 
1  otometric  test.- 


Since  it  has  been  possible  to  establish  the  specificity  of  the 
antimony  trichloride  reaction  for  gossypol  in  extracts  prepared 
from  64  different  samples  of  raw  cottonseed  and  hydraulic-pressed 
cottonseed  meal,  the  validity  of  the  method  can  be  considered 
to  be  established  beyond  reasonable  doubt.  Consequently,  it 
appears  superfluous  to  make  a  systematic  comparison  of  the 
present  method  with  other  methods  for  the  determination  of 
gossypol. 

The  spectrophotometric  method  for  the  determination  of 
gossypol  proposed  by  Lyman,  Holland,  and  Hale  (8)  suffers  from 
the  disadvantage  that  the  dianilinogossypol  absorption  curve  on 
which  the  method  is  based  exhibits  only  one  maximum  in  the 
visible  region.  Because  of  this  limitation,  the  authors  are  able 
to  state  concerning  the  specificity  of  their  method  only  that 
“there  appears  to  be  no  source  of  error  due  to  other  pigments 
present  in  cottonseed  meal”,  and  “if  there  are  other  substances 
besides  gossypol  in  cottonseed  meal  which  give  color  with  aniline, 
these  substances  must  be  closely  related  to  gossypol”.  When 
various  cottonseed  extracts  are  treated  with  the  carbonyl  re¬ 
agent,  dinitrophenylhydrazine,  the  absorption  spectra  of  the 
reaction  mixtures  indicate  that  carbonyl  compounds  other  than 


Figure  4.  Absorption  Curves  of  2,4-Dinitrophenyl- 
hydrazine  Reaction  Products  with  Cottonseed 
Components 

1.  2,4-Dinitrophenylhydrazone  of  orange-colored  pigment  of 

cottonseed 

2.  2,4-Dinitrophenylhydrazone  of  gossypol 

3.  2,4-Dinitrophenylhydrazine  reaction  product  with  chloroform 

extract  of  cottonseed 


Table  III.  Determination  of  Gossypol  Added  to  Cottonseed  Extracts 


Sample  of 

Gossypol 

Pure 

Gossypol 

Seed  or  Meal 

in 

Added  to 

Extracted 

Extract 

Extract 

G./ 100  ml. 

G./100  ml. 

202a 

0.00208 

0.00416 

PC-1 

0.00516 

0.00074 

0.00387 

0.00147 

0.00184 

0.00323 

C-101 

0.00184 

0 . 00586 

0.00368 

0.00439 

0.00460 

0.00366 

Total 
Gossypol 
in  Final 

Gossypol 

Recovery 

of 

Mixture 

Found 

Gossypol 

G./100  ml. 

G./100  ml. 

% 

0.00624 

0.00631 

101.0 

0.00590 

0.00599 

101.5 

0.00534 

0.00542 

101.4 

0.00507 

0.00508 

100.2 

0.00770 

0.00760 

98.7 

0.00807 

0.00764 

94.7 

0 . 00826 

0.00812 

98.3 
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gossypol  and  the  orange-colored  pigment  occur  in  the  cottonseed 
extracts.  If  these  carbonyl  compounds  also  react  with  aniline, 
as  predicted  by  Lyman,  Holland,  and  Hale  (8),  they  will  inter¬ 
fere  in  the  aniline-spectrophotometric  method  for  gossypol  when¬ 
ever  they  occur  in  cottonseed  extracts.  Consequently,  no  direct 
comparison  of  the  two  spectrophotometric  methods  was  made. 

Experience  with  the  aniline  precipitation  method  as  modified 
by  Halverson  and  Smith  {6)  and  Smith  (18)  was  similar  to  that 
recently  reported  by  Lyman,  Holland,  and  Hale  (8)  in  that  dupli¬ 
cate  analyses  were  obtained  with  difficulty.  No  attempt  was 
made  to  confirm  their  observation  (8)  that  the  dianilinogossypol 
precipitates  were  frequently  impure.  On  the  other  hand,  the 
antimony  trichloride  method  nearly  always  indicated  a  higher 
gossypol  concentration  in  a  given  extract  than  the  aniline  pre¬ 
cipitation  method.  This  occurred  even  when  the  extracts 
contained  no  detectable  amounts  of  the  orange-colored  pigment. 
In  such  cases  it  seems  most  logical  to  conclude  that  the  observed 
discrepancies  are  due  to  incomplete  precipitation  of  dianilino¬ 
gossypol  from  the  extracts.  According  to  a  recent  report  (10), 
the  addition  of  an  ether  solution  of  aniline  to  an  ether  solution 
of  gossypol  results  in  the  precipitation  of  a  mixture  of  dianilino- 
and  tetraanilinogossypol.  If  a  similar  reaction  should  occur 
when  aniline  is  added  to  ether  extracts  of  cottonseed  or  cotton¬ 
seed  meal,  the  gossypol  content  of  the  extract  should  not  be  cal¬ 
culated  on  the  assumption  that  the  precipitate  is  dianilino¬ 
gossypol. 


Table  IV.  Time  for  Complete  Extraction  of  Gossypol  from 
Cottonseed  and  Cottonseed  Meal 


Extraction 

Time, 

E  at  520  mu 

Per  Cent 

Sample 

Solvent 

Hours 

per  Gram 

Gossypol 

Cottonseed 

containing  negligible 

amounts 

of  the  orange- 

■colored  pigment 

17a 

CHCb 

0.5 

13.5 

0.206 

CHCb 

1 

23.1 

0.352 

CHCb 

2 

34.6 

0.528 

CHCb 

2 

34.2 

0.523 

CHCb 

24 

36.1 

0.552 

C-77-VII 

CHCb 

2 

64.5 

0.975 

CHCb 

24 

63.0 

0.963 

(C2H5)20 

9 

65.5 

1.00 

Cottonseed  and  hydraulic-pressed  meal  containing  considerable  amounts  of 

orange-colored  pigment0 

pc-77 

(C2H5)20 

2 

11.7 

0.179 

CHCb 

2 

12.4 

0.189 

CHCb 

24 

15.1 

0.235 

CHCb 

48 

15.1 

0.235 

205e 

(C2H6)20 

2 

16.8 

0.257 

CHCb 

2 

17.3 

0.264 

CHCb 

24 

22.5 

0.344 

(C2Hs)20 

24 

22.5 

0  344 

CHCb 

48 

22.8 

0.348 

°  All  CHCb  solutions  of  extracts  treated  with  concentrated  HC1  prior  to 
reaction  with  SbCb. 


EXTRACTION  OF  GOSSYPOL  FROM  COTTONSEED 

TYith  a  rapid  and  accurate  method  available  for  the  determina¬ 
tion  of  gossypol  in  cottonseed  extracts,  the  accurate  deter¬ 
mination  of  gossypol  in  cottonseed  requires  only  a  reliable  and 
convenient  method  for  extracting  gossypol  from  the  seed. 

It  has  been  reported  that  both  the  duration  of  extraction  and 
type  of  extraction  apparatus,  as  well  as  the  moisture  content  of 
the  seed  or  hydraulic-pressed  meal,  affect  the  amount  of  gossy¬ 
pol  extracted.  Most  investigators  (5-8,  11-13)  recommend 
exhaustive  extraction,  usually  in  an  apparatus  of  the  reflux  type 
which  is  designed  for  thorough  rinsing  of  the  substance  from 
which  soluble  material  is  extracted.  Apparatus  of  the  reflux 
type  must  be  used  when  the  seed  or  meal  is  to  be  freed  entirely 
from  gossypol,  or  when,  as  is  the  case  in  the  use  of  gravimetric 
methods,  a  large  amount  of  gossypol  is  required  for  the  deter¬ 
mination.  On  the  other  hand,  a  simple  equilibration  can  be 
used  effectively  when  the  concentration  of  extractable  gossypol 
in  the  seed  or  meal  is  to  be  determined  by  means  of  the  sensi¬ 
tive  spectrophotometric  method.  The  conditions  for  adequate 


Table  V.  Equivalence  of  Equilibration  and  Butt  Extraction  with 

Ether 


Cotton¬ 

Time  of 

E  at  520  mu 

seed 

Kind  of 

Extraction, 

per 

•  Gram 

Per  Cent 

Sample0 

Extraction 

Hours 

Ra 

Rb 

Seed 

Gossypol 

C-77-VIII 

Equilibration 

2 

1.97 

1.03 

61.9 

0.945 

Equilibration 

24 

2.15 

1.16 

64.6 

0.986 

Equilibration 

72 

1.90 

1.04 

62.8 

0.960 

Butt 

24 

2.05 

1.23 

68.8 

1.05 

Butt 

72 

1.95 

1.03 

68.8 

1.05 

C-77-IX 

Equilibration 

24 

2.03 

1.16 

60.3 

0.922 

Butt 

24 

2.03 

1.19 

62.9 

0.960 

Equilibration 

b  2 

2.00 

1.13 

66.3 

1.012 

Equilibration 

2 

2.14 

1.18 

66.3 

1.012 

*  Both 

series  of  cottonseed  samples  contained  negligible  amounts  of 

orange-colored  pigment. 

&  Solvent  of  equilibration 

was  chloroform. 

equilibration  can  be  ascertained  by  determining  what  volume  of 
solvent  and  what  contact  time  must  be  employed,  so  that  an 
increase  in  the  proportion  of  solvent  or  in  the  time  of  contact 
produces  no  increase  in  the  concentration  of  gossypol  in  solution. 
An  aliquot  portion  of  an  extract  obtained  under  these  conditions 
can  be  used  directly  in  the  spectrophotometric  method  for  deter¬ 
mining  the  concentration  of  extractable  gossypol  in  the  seed. 

As  is  shown  in  Table  IV,  complete  extraction  of  gossypol  from 
ground  cottonseed  meats  or  hydraulic-pressed  meal  by  equilibra¬ 
tion  with  chloroform  requires  2  hours  when  the  seed  contains 
negligible  amounts  of  the  orange-colored  pigment,  and  24  hour; 
when  the  seed  or  meal  contains  a  considerable  concentration  of 
this  pigment. 

That  diethyl  ether  and  chloroform  extract  equal  amounts  oi 
the  pigments  is  demonstrated  in  Tables  II,  IV,  VI,  and  VIII 
Murty,  Murty,  and  Seshadri  (9)  also  have  reported  the  equiva¬ 
lence  of  ether  and  chloroform  for  the  extraction  of  gossypol. 

In  order  to  confirm  the  equivalence  of  simple  equihbratior 
and  exhaustive  extraction,  direct  comparisons  of  extracts  ol 
replicate  samples  of  the  same  seeds  were  made  (Table  V). 

The  results  of  experiments  to  determine  the  effect  of  moisture 
on  the  extraction  of  free  gossypol  by  chloroform  and  ether  are 
shown  in  Table  VI.  These  data  show,  in  agreement  with  the 
recent  report  of  Murty,  Murty,  and  Seshadri  (9),  that  moisture 
does  not  play  an  important  role  unless  it  is  very  low,  as  in  the 
case  of  desiccated  seed,  or  so  high  as  to  interfere  with  the  “wet 
ting”  of  the  seed  by  chloroform.  Halverson  and  Smith  (7] 
and  Lyman,  Holland,  and  Hale  (8)  observed  that  continuec 
extraction  of  wet  hydraulic-pressed  cottonseed  meal  by  wet  ethei 
at  elevated  temperatures  gives  increased  amounts  of  gossypol 
They  attributed  their  results  to  the  absence  of  a  sharp  boundary 
between  “free”  and  “bound”  gossypol  in  cottonseed  meal.  Ii 
view  of  the  results  obtained  with  raw  cottonseed,  it  is  more  prob 
able  that  the  extraction  methods  employed  by  these  investigator, 
cause  the  liberation  of  some  of  the  bound  gossypol.  Conse 
quently,  for  the  extraction  of  free  gossypol  from  cottonseed  mea 
the  present  authors  have  employed  only  the  mild  conditions  0 
extraction  found  adequate  for  the  extraction  of  free  gossypo 
from  raw  cottonseed. 

It  is  apparent  from  Table  VII  that  proportions  of  chloroforn 
to  seed  varying  from  25  to  125  ml.  per  gram  afford  complete  ex 
traction  of  gossypol.  Consequently,  the  spectrophotometric 
method  can  be  used  for  accurate  determination  of  the  gossypo 
content  of  seeds  of  widely  varying  gossypol. content. 

In  contrast  with  the  consistent  results  obtained  by  the  equili 
bration  of  ground  cottonseed  kernels  and  of  hydraulic-pressec 
meal  with  chloroform  and  ether  shown  in  the  preceding  table 
and  in  Table  VIII,  very  erratic  results  were  obtained  when  th 
seed  was  first  defatted  by  extraction  with  Skellysolve  F.  As  i 
shown  in  Table  VIII,  extraction  of  gossypol  from  defatted  see< 
was  erratic  regardless  of  the  nature  of  the  solvent  or  of  th 
moisture  content  of  the  seed.  Moreover,  despite  published  re 
ports  that  no  gossypol  can  be  detected  in  Skellysolve  F  extract 
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(3,  7,  14),  it  was  found,  as  is  shown  in  Table  VIII,  that  the 
indicated  gossypol  content  of  Skellysolve  F-defatted  seed  is  al¬ 
most  invariably  less  than  that  of  the  nondefatted  seed.  In  view 
Df  these  facts,  it  is  apparent  that  accurate  gossypol  determinations 
can  be  obtained  only  by  the  direct  extraction  of  nondefatted  seed 
with  ether  or  chloroform. 

PROCEDURE  FOR  DETERMINATION  OF  EXTRACTABLE  GOSSyPOL  OF 
COTTONSEED  AND  COTTONSEED  MEAL 

Reagents.  The  chloroform  and  acetic  anhydride  should  be 
p.p.  grade  and  the  antimony  trichloride  should  be  anhydrous,  c.p. 
jrade. 

■  The  saturated  chloroform  solution  of  antimony  trichloride  is 
orepared  as  follows :  Wash  about  30  grams  of  finely  ground  anti¬ 
mony  trichloride  with  a  small  volume  of  chloroform.  Add  100  ml. 
of  chloroform  to  the  washed  crystals,  warm  the  suspension,  shake 
t  vigorously,  and  allow  it  to  cool  to  room  temperature. 

The  gossypol  used  for  the  standardization  should  be  purified  as 
previously  described  (1,2). 

Procedure.  A  measured  volume  of  chloroform  is  added  to  a 
veighed  sample  of  ground  cottonseed  kernels  or  meal.  (For  the 
Detraction  of  raw  cottonseed  of  the  usual  range  of  gossypol  con- 

!;ent,  25  ml.  of  chloroform  to  0.25  gram  of  ground  kernels  pro- 
luce  an  extract  which  can  be  used  directly  in  the  antimony  tri 
ihloride  test  without  dilution.  For  most  hydraulic-pressed 
meals  a  larger  proportion  of  meal  to  chloroform  must  be  used.) 
The  flask  is  stoppered  and  the  mixture  is  allowed  to  stand,  with 
bccasional  shaking,  for  24  hours.  A  sample  of  the  extract  is 
vithdrawn  from  the  equilibration  mixture  in  a  manner  which 
prevents  evaporation  and  filters  the  extract — e.g.,  by  covering 
he  tip  of  a  pipet  with  cotton  or  by  attaching  an  inverted  sin- 
-ered-glass  suction  funnel  to  the  end  of  a  pipet.  The  sample  is 
-hen  shaken  vigorously  with  concentrated  hydrochloric  acid, 
ibout  10  drops  per  5  ml.  of  extract,  and  the  mixture  is  allowed  to 
stand  for  24  hours. 

One  milliliter  of  the  extract  is  transferred  to  a  glass-stoppered 
ibsorption  cell  by  means  of  a  pipet.  One  drop  of  acetic  anhy- 
Iride  and  5  ml.  of  a  saturated  chloroform  solution  of  antimony 
richloride  are  introduced  into  the  absorption  cell  and  the  mix- 
ure  is  thoroughly  agitated. 

Within  10  to  40  minutes  after  the  reagents  are  mixed,  the 
-ransmission  of  the  test  solution  at  520  rnp  is  read  against  that  of 
it  blank  consisting  of  1  ml.  of  chloroform,  1  drop  of  acetic  anhy- 
Iride,  and  5  ml.  of  a  saturated  chloroform  solution  of  antimony 

S, richloride. 

The  concentration  of  gossypol  in  the  original  seed  or  meal  is 
calculated  by  means  of  the  following  equation : 


Table  VII.  Effect  of  Variation  in  Ratio  of  Volume  of  Extraction 
Solvent  to  Weight  of  Cottonseed 


Cottonseed 

Ml.  of  CHCI3  per 

E  at  520  m/2 

Per  Cent 

Sample 

Gram  of  Meats 

per  Gram 

Gossypol 

C-77-VIII 

25 

62.0 

0.947 

50 

61.0 

0.932 

125 

62.0 

0.947 

C-77-VII 

25 

63.6 

0.971 

50 

63.0 

0.962 

C-77-IX 

25 

66.3 

1.01 

100 

64.8 

0.990 

205e 

50 

22.8 

0.348 

100 

22.9 

0.350 

Table  VIII.  Extraction  of  Gossypol  from  Defatted  and  Nondefatted 
Cottonseed  Meats 


Cotton¬ 

Treat¬ 
ment  of 
Ground 
Meats 
Prior  to 

seed 

Equili¬ 

Sample 

bration 

C-77-VII 

None 

C-77-VIII 

None 

None 

None 

Defatted 

Defatted 

Defatted 

Defatted 

Defatted 

c 

Defatted 

Defatted 

None 

C-77-IX 

None 

None 

Defatted 

Defatted 

Defatted 

None 

C-105b 

None 

None 

Defatted 

None 

C-78 

Defatted 

None 

Defatted 

Per 

Cent 

Equilibra- 

Mois- 

tion  Sol- 

ture 

vent 

Ra 

8.70 

(C2H6)20 

2.21 

8.70 

CHC13 

1.59 

8.70 

CHCb 

1.90 

8.70 

CHCb 

1.92 

12.29 

CHCU 

1.57 

12.29 

CHCb 

1.70 

12.29 

CHCb 

1.83 

12.29 

CHCb 

2.14 

b 

CHCb 

1.86 

12.29 

CHCb 

1.81 

12.29 

(C2H5)20 

2.10 

12.29 

(C2H6)2CW 

2.30 

7.17 

CHCb 

2.04 

7.17 

CHCb 

1.85 

7.17 

CHCb 

1.94 

CHCb 

1.97 

CHCb 

1.89 

CHCb 

1.81 

8.51 

CHCb 

2.00 

8.51 

(C2H6)20 

2.14 

8.51 

CHCb 

2.07 

12.50 

CHCb 

1.79 

CHCb 

2.04 

CHCb 

1.82 

CHCb 

2.29 

CHCb 

1.80 

E  at 

520 

rnM ; 

per 

Per 

Cent 

Rb 

Gram3 

Gossypol 

1 

.13 

65 

.5 

1 

.00 

0 

.90 

64 

.8 

0. 

.991 

1 

.01 

64 

.5 

0 

.985 

1 

.  10 

64 

5 

0. 

985 

1 

.01 

30 

.6 

0. 

467 

0 

.97 

58 

.5 

0. 

.893 

0 

.98 

39 

.1 

0. 

.597 

1 

.  19 

39 

.2 

0. 

.598 

1 

19 

36 

.  1 

0 

.552 

1 

.13 

43 

.2  ' 

0 

660 

1 

11 

39 

2 

0. 

598 

1. 

.12 

38. 

1 

0. 

582 

1 

.10 

61. 

0 

0. 

932 

0 

.99 

62 

0 

0 

947 

1 

03 

61. 

0 

0 

932 

1 

.03 

61. 

9 

0. 

945 

1 . 

09 

46. 

8 

0. 

716 

1. 

.07 

46. 

.2 

0 

710 

1 

13 

66. 

3 

1. 

01 

1 

.18 

66 

3 

1. 

01 

1. 

10 

64. 

8 

0 

991 

1, 

.07 

42. 

.5 

0. 

648 

1. 

17 

67. 

2 

1. 

.027 

1 

.09 

41. 

.7 

0. 

637 

1. 

19 

45. 

2 

0 

690 

1. 

1.3 

23. 

4 

0. 

357 

6  Five  drops  H20  added  to  0.5  gram  of  defatted  meats. 
c  Five  drops  refined  cottonseed  oil  added  to  0.5  gram  of  defatted  meats 
d  Ether  containing  1%  H2O,  2.5%  C2H5OH. 


%  gossypol  = 


log  Io/I  X  V/W 
E 1%  gossypol 


Log  Ip/I  is  the  extinction  at  520  in /a  of  the  gossypol-antimony 
richloride  test  solution.  7o  is  the  transmission  of  the  antimony 
-richloride  reagent  blank  at  520  m/r.  /  is  the  transmission  of  the 
gossypol-antimony  trichloride  test  solution  at  520  mp.  V  is  the 
volume  of  solvent  used  in  the  extraction  of  the  seed.  W  is  the 
veight  of  cottonseed  extracted.  E 1%  gossypol  is  the  extinction 
coefficient  at  510  to  520  mu,  as  previously  defined,  calculated  for 
%  gossypol  in  the  original  solution  before  reaction  with  anti- 
nony  trichloride.  With  the  absorption  cells  used  in  the  Coleman 
louble  monochromator  spectrophotometer  E\%17  cm  =  65.5  ±1.9. 


Table  VI.  Effect  of 

Treatment  of 
Ground  Meats0 
None 

H2O  added 
None 

H2O  added 
None 
Dried  c 
Dried  c 
Dried  c 
Dried  c 
Dried* 

Dried  6 
Wet/ 


Moisture  on  Extraction  of  Gossypol  from 
Cottonseed 


Solvent 

E  at  520  m/i 
per  Gram 

Per  Cent 
Gossypol 

CHCb 

66.3 

1.013 

CHCb 

61.0 

0.932 

(C2H6)20 

66.3 

1.013 

(C2H6)20 

70. 46 

1.073 

CHCb 

64.8 

0.990 

CHCb 

11.3 

0. 107 

Wet  (G-HEbCX* 

69.5 

1.061 

Wet  (C2H6)204 

65.3 

0.998 

Wet  (C2Hs)204 

67.0 

1.022 

(C2Hs)20 

62.9 

0.961 

CHCb 

62.9 

0.961 

(C2H6)20 

65.2 

0.996 

a  Original  meats  contained  8.51%  moisture. 

6  Sediment  observed  in  filtered  extract. 

*  Dried  in  desiccator  to  3.12%  moisture. 

“  contained  1%  H2O  and  2.5%  C2H5OH. 

•  jle„¥.*n  C’.  then  exposed  to  moist  air  for  24  hours.  Final  meats  con- 
ained  7.57%  moisture. 

/  Dried  as  in  c,  then  moistened  with  2  drops  of  H2O  per  0.25  gram  of  ground 


SUMMARY 

The  reaction  of  gossypol  with  antimony  trichloride  in  chloro¬ 
form  produces  a  soluble  red  product  having  a  characteristic  ab¬ 
sorption  curve  in  the  visible  and  near  ultraviolet  region  of  the 
spectrum.  The  absorption  curve  exhibits  a  broad,  stable  maxi¬ 
mum  at  510  to  520  m//.  The  extinction  at  this  absorption  maxi¬ 
mum  is  proportional  to  the  concentration  of  gossypol. 

The  antimony  trichloride  reaction  is  specific  for  gossypol  in 
ether  and  chloroform  extracts  of  cottonseed  and  the  reaction 
product  is  sufficiently  stable  to  permit  the  accurate  determination 
of  the  gossypol  concentration  of  such  extracts  by  means  of  the 
spectrophotometer. 

The  gossypol-antimony  trichloride  reaction  has  been  used  as  a 
means  for  determining  the  optimum  conditions  for  the  extraction 
of  free  gossypol  from  cottonseed.  Chloroform  and  ether  extract 
equal  amounts  of  gossypol.  Equilibration  of  meats  and  solvent 
for  24  hours  is  adequate  for  complete  solution  of  extractable  gossy¬ 
pol.  Moisture  is  an  important  factor  in  the  extraction  of  gossy¬ 
pol  only  in  the  case  of  very  dry  seeds.  The  proportions  of 
solvent  to  meats  may  be  varied  within  wide  limits. 

A  rapid,  direct  method  for  the  determination  of  “free”  gossy¬ 
pol  in  cottonseed  has  been  reported  in  which  the  gossypol  is  ex¬ 
tracted  by  equilibrating  ground  cottonseed  and  chloroform. 
The  extract  is  treated  with  concentrated  hydrochloric  acid  and 
the  antimony  trichloride  reaction  is  applied  directly  to  the  treated 
extract. 

The  method  has  been  shown  to  be  applicable  to  the  determina¬ 
tion  of  the  free  gossypol  content  of  hydraulic-pressed  meal  in 
which  gossypol  occurs  to  a  large  extent  in  the  form  of  an  orange- 
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colored  pigment  which  is  not  precipitated  by  aniline  but  is  readily 
converted  to  gossypol. 
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Determination  of  Thiamine  by  the  Thiochrome  Method 

Effects  of  Temperature  and  Dissolved  Oxygen  on  Fluorescence 
of  Quinine  Standard  and  of  Thiochrome 

DONALD  F.  CLAUSEN1  AND  RAY  E.  BROWN,  International  Milling  Company,  Minneapolis,  Minn. 


The  effect  of  dissolved  oxygen  and  changes  in  temperature  upon 
the  quinine  standard  used  in  the  thiochrome  reaction  and  upon 
thiochrome  solutions  is  large  enough  to  warrant  an  attempt  to  control 
these  variables.  Temperature  effects  can  be  minimized  by  the  use 
of  a  water  bath  to  keep  the  quinine  at  a  standard  temperature.  The 
effect  probably  does  not  alter  the  thiochrome  fluorescence  very 
much  if  the  room  temperature  does  not  vary  greatly.  Oxygen 
effects  can  be  minimized  by  controlling  the  temperature  of  the 
quinine  so  that  no  dissolved  air  is  lost,  or  by  the  use  of  glass  stand¬ 
ards.  Because  of  the  shaking  operation  the  oxygen  content  of 
thiochrome  solutions  is  probably  a  constant  factor.  Since  several 
types  of  instruments  used  to  measure  fluorescence  will  gradually 
heat  up  the  cuvette  chamber,  the  quinine  standard  should  not  be 
left  in  the  instruments. 


IT  HAS  long  been  apparent  to  many  analysts  that  the  thio¬ 
chrome  method  of  assaying  the  thiamine  content  of  bio¬ 
logical  and  other  products  is  occasionally  subject  to  unexplained 
sources  or  error  that  appear  and  disappear  in  an  erratic  manner. 
Usually  these  errors  limit  the  accuracy  of  the  method  to  from 
±5%  to  ±10%  (5),  but  they  may  be  considerably  larger,  as  has 
occasionally  been  observed  in  this  laboratory.  While  engaged 
in  an  attempt  to  run  down  some  of  these  sources  of  error  the  au¬ 
thors  became  suspicious  of  the  accuracy  of  their  quinine  standard. 
The  order  in  which  samples  of  thiamine  were  oxidized  and  read 
against  the  quinine  standards  appeared  to  affect  the  results.  If 
a  sample  of  material  was  assayed  twice  on  any  given  day, 
and  if  several  hours  elapsed  between  the  two  oxidations,  the 
last  result  was  the  higher  if  the  same  quinine  standard  was  used 
for  both  oxidations.  This  phenomenon  made  it  appear  as  if  the 
quinine  exhibited  less  fluorescence  the  longer  it  was  used  on  any 
given  day.  The  authors  had  been  using  fresh  daily  aliquots  of 
the  standard,  kept  at  about  6°  C.  when  not  in  use. 

According  to  Vavilov’s  equations  ( 6 )  the  fluorescence  of  a 
substance  in  solution  is  a  function  of  the  absolute  temperature, 
other  variables  being  constant.  Vavilov  also  demonstrates  the 
quenching  of  fluorescence  by  foreign  molecules  in  the  fluorescing 
solution.  He  divides  quenching  into  two  types  (13):  quenching 
by  redistribution  of  the  absorbed  radiant  energy  among  the 

1  Present  address,  Department  of  Physiological  Chemistry,  University 
of  Minnesota,  Minneapolis,  Minn. 


degrees  of  freedom  of  the  fluorescence  molecule  itself  and  col¬ 
lisions  of  the  second  type,  which  may  or  may  not  involve  a  chem¬ 
ical  reaction.  A  consideration  of  Vavilov’s  work,  together  with 
the  observations  mentioned  above,  led  to  the  conclusion  that  the 
possible  effects  of  temperature  and  quenchers  on  the  fluorescence 
of  quinine  and  thiochrome  should  be  investigated. 

Quenching  by  redistribution  of  energy  among  the  molecules 
of  the  fluorophor,  if  it  occurs  in  the  quinine  standards  and  in 
concentrations  of  thiochrome  usually  used  in  the  thiochrome 
method,  would  appear  to  be  a  constant  factor,  at  least  for  quinine. 
The  only  possibilities  for  quenching  by  foreign  molecules  lie  in 
the  presence  of  dissolved  atmospheric  gases  in  both  quinine  and 
thiochrome  solutions,  of  potassium  chloride,  sodium  sulfate,  water 
alkali,  or  ferricyanide  in  the  thiochrome  solution,  and  of  sulfuric 
acid  in  the  quinine  solution.  The  quenching  effect  of  dissolved 
oxygen  was  noted  by  Weil-Malherbe  and  Weiss  (14),  who  found 
that  oxygen  at  one  atmosphere  of  pressure  quenched  thiochrome 
fluorescence  in  isobutyl  alcohol  27.5%  and  quinine  sulfate  fluores¬ 
cence  in  0.1  V  sulfuric  acid  17.5%  when  both  substances  were 
examined  in  a  concentration  of  10  mg.  per  liter.  The  quenching 
ability  of  electrolytes  has  been  intensively  studied  by  Stoughton 
and  Rollefson  (9,  10,  11),  who  found  the  chloride  ion  to  be  a 
strong  quencher  for  quinine. 

The  fluorescence  of  quinine  is  profoundly  affected  by  the 
presence  of  acid.  It  changes  in  color  from  blue  to  violet  from 
pH  3.8  to  4.5  (4)  and  decreases  to  zero  at  pH  9  (3).  At  pH  2 
the  fluorescence  is  proportional  to  the  concentration  of  quinine 
and  at  pH  3  is  a  logarithmic  function  of  concentration  (2). 
Changes  in  pH  change  the  fluorescence  spectrum  of  quinine 
sulfate  (7).  It  has  also  been  reported  (1)  that  the  spectral  line 
of  fluorophors  is  changed  by  changes  in  temperature. 

PROCEDURE 

Three  aliquots  of  the  quinine  standard  (0.3  microgram  per  ml. 
of  0.1  N  sulfuric  acid)  and  three  aliquots  of  thiamine  oxidized  to 
thiochrome  (1.0  microgram  thiamine  aliquots  oxidized  to  thio¬ 
chrome  and  dissolved  in  18-ml.  aliquots  of  isobutanol)  were  placed 
in  glass  cuvettes.  The  cuvettes  were  stoppered  and  the  thio¬ 
chrome  cuvettes  were  covered  with  metal  covers  to  exclude  light. 
Two  sets  of  each  series  were  connected  to  manifolds.  Oxygen 
was  blown  through  one  set  for  15  minutes  and  nitrogen  was  biown 
through  the  other  set  for  the  same  length  of  time.  Volume 
changes  from  the  blowing  were  prevented  by  first  saturating  the 
gases  with  water  vapor  (quinine  samples)  or  isobutyl  alcohol  (thio¬ 
chrome  samples).  The  third  set  of  each  series  was  left  intact 
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(no  added  gas).  Ail  the  cuvettes  were  placed  in  a  water  bath 
at  about  6°  C.  Another  quinine  standard  was  heated  to  35°  C. 
in  a  water  bath  and  bubbles  of  expelled  air  were  removed.  It 
was  maintained  at  this  temperature  by  the  water  bath  and  used 
as  a  reference  standard.  The  series  of  quinine  and  thiochrome 
solutions  were  read  at  various  temperatures  from  6°  to  50°  C. 
and  the  galvanometer  readings  they  produced  in  a  fluorometer 
were  recorded. 


Figure  1.  Quenching  Effect  of  Temperature  upon 
Quinine  Sulfate  and  Thiochrome 
0.3  of  quinine  sulfate  per  ml.  of  0.1  AT  HjSOj.  1.0  of 
thiamine  oxidized  to  thiochrome  and  dissolved  in  18  ml.  of 
isobutanol 

The  results  are  shown  in  Figure  1.  Clearly,  within  the  tem¬ 
perature  range  studied,  the  fluorescence  as  measured  by  gal¬ 
vanometer  deflection  is  a  linear  function  of  temperature,  and 
oxygen  is  a  strong  quenching  agent  for  both  thiochrome  and 
quinine.  As  the  solutions  warmed  up  from  6°  C.  to  a  room  tem¬ 
perature  of  25°  C.  the  galvanometer  deflection  varied  about  5 
units.  Since  it  is  customary  to  keep  quinine  solutions  under 
refrigeration,  it  is  clear  that  such  solutions  should  be  warmed  to 
room  temperature  before  use. 

To  make  sure  that  the  effects  noticed  were  not  caused  by  de¬ 
composition,  particularly  by  decomposition  of  thiochrome,  the 
solutions  were  cooled  from  50°  to  22°  C.  and  readings  were  again 
taken  on  the  thiochrome  solutions.  .These  readings,  shown  by 
the  triangle  points  in  Figure  1,  indicate  that  no  decomposition 
of  thiochrome  took  place.  A  fresh  sample  of  quinine  was  taken 
and  read  against  the  standard  held  at  35°  C.,  then  heated  to 
50°  C.,  cooled,  and  read  again.  Both  readings  were  90  gal¬ 
vanometer  units.  Then  the  fresh  sample  was  placed  in  the 
fluorometer  and  allowed  to  stand  in  the  ultraviolet  beam 
for  45  minutes.  At  the  end  of  that  time  it  read  87.5  galva¬ 
nometer  units.  Apparently  quinine  is  stable  to  heat  up  to  50°  C. 
and  to  the  light  from  the  authors’  fluorometer. 

In  this  laboratory  it  has  been  customary  to  test  the  fluorometer 
with  the  quinine  standard  both  before  and  after  each  reading. 
During  the  interval  between  the  readings  of  successive  samples 
(during  the  oxidations)  the  quinine  is  allowed  to  stay  in  the 
cuvette  chamber,  as  the  instrument  (a  Colemen  Model  12  photo- 
fluorometer)  is  provided  with  a  shutter,  so  that  the  light  can  be 
shut  off  from  the  cuvette  chamber.  It  was  decided  to  find  out  if 
the  quinine  standard  was  warmed  by  the  instrument  during  the 
2-hour  period  it  takes  to  oxidize  and  read  the  daily  run. 


A  sample  of  quinine  was  taken  from  the  refrigerator  at  about 
6°  C.  and  placed  in  the  instrument.  The  instrument  was  turned 
on  and  temperature  readings  were  taken  at  short  intervals  for 
2  hours.  The  resulting  curve  is  shown  in  Figure  2.  In  2  hours 
the  solution  warmed  up  to  35°  C.  A  similar  curve  was  run 
on  another  type  of  fluorometer  in  which  the  cuvette  chamber 
is  separate  from  the  light  source.  This  sample  was  taken  at 
room  temperature  and  the  curve  is  also  shown  in  Figure  2. 

A  comparison  of  Figure  2  with  Figure  1  makes  it  clear  that  the 
quinine  standard  should  not  be  left  in  either  type  of  instrument. 
One  instrument  in  a  2-hour  period  can  raise  the  temperature  of 
the  quinine  standard  to  35°  C. 

If  the  quinine  standard  is  taken  from  a  refrigerator  at  6°  C. 
and  used  immediately,  setting  the  instrument  at  a  galvanometer 
reading  of  80  with  it,  and  if  it  is  allowed  to  warm  up  to  35°  C. 
in  the  machine  while  in  use,  the  variable  resistances  in  the 
fluorometer  will  have  to  be  changed  in  an  amount  corresponding 
to  a  galvanometer  deflection  of  8.75  units  to  keep  the  quinine 
reading  at  80  units.  This  is  obvious  from  Figure  1  (curve  for 
quinine,  no  added  gas),  since  a  temperature  rise  of  6°  to  35°  C. 
will  cause  the  galvanometer  deflection  of  the  quinine  to  drop 
from  80.75  to  72.0  units,  a  difference  of  8.75  units.  This  can 
cause  errors  of  10.9%  in  the  determination  of  an  unknown. 
Since  the  more  probable  variations  in  temperature  of  the  quinine 
solution  would  perhaps  involve  only  a  10°  variation,  the  more 
common  errors  caused  by  temperature  changes  may  well  lie  in 
the  neighborhood  of  3  galvanometer  units  if  the  galvanometer 
readings  are  made  in  the  neighborhood  of  80  units.  This  would 
introduce  errors  of  the  order  of  4%.  No  errors  will  be  introduced 
from  temperature  variations,  provided  both  quinine  and  thio¬ 
chrome  solutions  are  read  at  the  same  temperature.  It  is  ap¬ 
parent  that  for  best  results  both  the  quinine  standard  and  thio¬ 
chrome  solutions  should  be  maintained  at  the  same  constant  tem¬ 
perature  within  ±2°  or  3°  C. 


Figure  2.  Heating  of  Quinine  Sulfate  Solution  in  Cuvette 
by  Fluorometers 


The  effect  of  dissolved  oxygen  also  depends  upon  the  tem¬ 
perature.  This  effect  is  probably  more  or  less  constant  in  the 
case  of  the  thiochrome  because  of  the  shaking  operation  when 
the  thiochrome  is  extracted  with  isobutanol,  and  nonexistent  in 
the  quinine  standard  in  cases  where  the  temperature  is  con¬ 
trolled  in  such  a  way  that  bubbles  of  dissolved  gases  are  not 
expelled.  It  could  be  eliminated  by  the  use  of  glass  standards 
such  as  those  described  by  Vastagh  and  Szegho  {12)  and  Lowen- 
stein  (8).  Elimination  of  temperature  changes  caused  by  placing 
of  solutions  on  or  near  open  windows,  radiators,  or  steam  pipes, 
and  cooling  of  isobutanol  to  room  temperature  after  distillation 
are  among  the  considerations  suggested  by  the  data  presented. 

To  test  the  effect  of  potassium  chloride  on  the  thiochrome 
fluorescence,  samples  were  run  both  with  and  wi.thout  the  ad¬ 
dition  of  potassium  chloride.  The  resulting  temperature- 
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fluorescence  curves  were  identical  with  those  in  Figure  1  for  thio- 
chrome  with  no  added  gas.  Identical  curves  were  also  obtained 
when  a  sample  of  thiamine  was  oxidized  with  twice  the  usual 
amount  of  alkaline  ferricyanide,  indicating  that  reagent  has  no 
appreciable  quenching  effect  beyond  the  amounts  necessary  for 
oxidation. 
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Photometric  Determination  of  Silica 

In  Condensed  Steam  in  Presence  of  Phosphates 

FREDERICK  G.  STRAUB  AND  HILARY  A.  GRABOWSKI 
University  of  Illinois,  Urbana,  III. 


IN  RECENT  years  much  difficulty  has  been  experienced  in 
steam  power  plants  because  of  silica  deposition  on  turbine 
blades.  As  part  of  the  study  of  the  cause  of  this  difficulty,  it  be¬ 
came  necessary  to  have  available  a  rapid  method  of  analysis  for 
small  amounts  of  silica  (as  low  as  0.05  p.p.m.)  in  condensed 
steam.  Since  phosphate  might  also  be  present  in  the  steam,  it 
was  necessary  to  determine  the  silica  in  the  presence  of  phosphate. 

Kahler  (2)  used  a  method  involving  measuring  the  molybdenum 
blue  color  developed  by  reducing  the  yellow  silicomolybdate  com¬ 
plex  with  sodium  sulfite  at  a  suitable  pH  (pH  2.4  to  2.7  before  re¬ 
duction).  The  proper  adjustment  of  the  pH  reduced  the  inter¬ 
ference  of  phosphate  in  the  concentrations  he  studied  (silica  be¬ 
tween  5  and  40  p.p.m.).  Kahler  points  out  that  as  the  acidity 
decreases  above  2.7,  the  effect  of  the  phosphate  becomes  negli¬ 
gible,  but  the  color  development  when  silica  is  present  requires 
more  time  and  is  accompanied  by  considerable  color  progression. 
In  order  to  increase  the  sensitivity  of  this  method  for  low  silica 
contents,  it  was  deemed  advisable  to  have  a  pH  of  between  2.2 
and  2.4  before  adding  the  sulfite  and  to  change  the  concentrations 
of  the  solutions  added,  to  secure  a  lower  dilution  effect.  Kahler 
used  10  ml.  of  sample  and  added  20  ml.  of  reagent  solutions,  thus 
having  a  final  volume  three  times  his  sample.  The  modified  re¬ 
agents  used  were:  hydrochloric  acid  reagent,  55  ml.  of  38%  grade 
(1.19  specific  gravity)  plus  900  ml.  of  distilled  water.  Ammo¬ 
nium  molybdate  reagent,  10  grams  of  ammonium  molybdate  (re¬ 
agent  grade)  plus  800  ml.  of  distilled  water.  Sodium  sulfite  re¬ 
agent,  135  grams  of  sodium  sulfite  (anhydrous  reagent  grade) 
plus  800  ml.  of  distilled  water.  Sodium  silicate  solution,  10.0  mg. 
as  silica  per  liter.  Fifty  milliliters  of  sample  were  used  for  analy¬ 
sis,  and  5  ml.  of  hydrochloric  reagent,  10  ml.  of  ammonium  molyb¬ 
date  reagent,  and  10  ml.  of  sodium  sulfite  were  added,  giving  a 
final  volume  of  75  ml.  or  1.5  times  the  sample. 

It  was  realized  that  this  procedure  might  not  eliminate  the  ef¬ 
fect  of  phosphate  entirely,  but  it  was  thought  best  to  try  it,  since 
the  increased  sensitivity  was  desirable  and  most  of  the  samples  be¬ 
ing  tested  were  free  from  phosphate. 

APPARATUS 

A  Coleman  spectrophotometer  Model  11  was  used  for  colori¬ 
metric  comparison  of  the  solutions.  It  was  noticed  that  the  time 
interval  elapsing  between  addition  of  the  ammonium  molybdate 
reagent  and  of  the  sodium  sulfite  reagent,  as  well  as  the  time 
elapsing  between  addition  of  the  sodium  sulfite  reagent  and 
taking  of  the  reading,  had  a  marked  effect  on  the  final  reading. 
The  time  interval  between  addition  of  the  ammonium  molybdate 
reagent  and  the  sodium  sulfite  reagent  was  standardized  at  1 


minute.  A  study  was  made  of  the  effect  of  elapsed  time  between 
the  addition  of  the  sodium  sulfite  and  the  taking  of  the  reading? 
and  Table  I  shows  the  effect  of  time  on  the  reading.  At  the  end 
of  10  minutes,  the  color  was  still  changing;  however,  in  order  to 
save  time,  the  readings  were  taken  after  a  lapse  of  5  minutes. 
The  change  was  such  that  an  error  of  30  seconds  in  time  would 
produce  an  error  of  0.5%,  which  was  considered  well  within  the 
range  of  accuracy  desired.  The  results  shown  in  Figure  1  were 
obtained  under  these  conditions  of  testing.  A  40-mm.  cell  was 
used  for  testing  and  comparison  was  made  at  a  wave  length  of  700 
millimicrons. 

The  results  obtained  showed  the  method  to  be  fairly  sensitive 
for  silica,  but  it  was  thought  that  a  more  sensitive  method  might 
be  developed. 

Schwartz  (3)  described  a  method  for  determining  silica  colori- 
metrically  in  the  presence  of  phosphate,  in  which  he  made  use  of 
the  yellow  color  developed  by  the  yellow  complex  silicomolybdate 
and  destroyed  the  phosphomolybdic  acid  complex  by  adding 
oxalic  acid.  Schwartz  reagents  and  test  procedure  were  as  follows: 

Hydrochloric  acid  reagent,  1  volume  of  concentrated  acid  to  1 
volume  of  distilled  water,  1  to  1. 

Ammonium  molybdate  reagent,  10.0  grams  of  ammonium 
molybdate  tetrahydrate  per  100  ml.  of  distilled  water. 

Oxalic  acid  reagent,  10.0  grams  of  oxalic  acid  dihydrate  per 
100  ml.  of  distilled  water. 

Add  and  mix  1  ml.  of  hydrochloric  acid  solution  and  2  ml.  of 
ammonium  molybdate  solution  in  rapid  succession  to  50  ml.  of 
sample.  Wait  5  to  10  minutes  for  full  color  development,  then 
add  and  mix  1.5  ml.  of  oxalic  acid  solution  and  determine  color  in¬ 
tensity. 


Table  I.  Effect  of  Time  on  Color  Development  in  Modified  Kahler 

Method 

(2  p.p.m.  of  SiC>2  in  sample  tested) 

Elapsed  Time  after 

Addition  of  Sulfite  Transmittance 

Min.  % 

44.3 

43.3 
43.0 
42.8 
42.5 

42.3 
42.1 
42.1 
42.0 


2 

3 

4 

5 

6 

7 

8 
9 

10 


ANALYTICAL  EDITION 


575 


eptember,  1944 


Figure  1  gives  per  cent  transmittance  at  410  millimicrons  for 
arious  concentrations  of  silica  using  19-mm.  test  tubes.  A  5- 
linute  interval  was  used  after  addition  of  the  ammonium  molyb- 
ate  solution  before  addition  of  the  oxalic  acid  solution.  There 
■as  no  change  in  transmittance  reading  in  a  period  from  2  to  15 
minutes  after  the  addition  of  the  oxalate  solution. 

This  method  eliminates  the  effect  of  time  in  taking  the  reading 
If  transmittance;  however,  its  sensitivity  is  about  the  same  as 
he  Kahler  method. 

A  third  method,  suggested  by  Imhoff  ( 1 ),  was  similar  to  the 
chwartz  method  without  the  addition  of  the  oxalic  acid;  how- 
ver,  the  final  solution  was  reduced  by  means  of  l-amino-2-naph- 
iol-4-sulfonic  acid  in  sodium  sulfite-bisulfite  solution.  This 
lethod  would  give  high  results  in  the  presence  of  phosphate  but 
ould  have  a  higher  degree  of  sensitivity.  By  combining  the 
omplete  Schwartz  method  with  the  last  step  in  the  Imhoff 
lethod,  it  was  found  possible  to  get  a  very  sensitive  method  and 
)  eliminate  the  interference  of  phosphate. 

The  reagents  and  test  procedure  finally  used  were  as  follows: 


I  Hydrochloric  acid  reagent,  1  volume  of  concentrated  acid  to 
:  volume  of  distilled  water,  1  to  1. 

Ammonium  molybdate  reagent,  10.0  grams  of  ammonium 
lolybdate  tetrahydrate  per  100  ml.  of  distilled  water. 

Oxalic  acid  reagent,  10.0  grams  of  oxalic  acid  dihydrate  per  100 
d.  of  distilled  water. 

l-Amino-2-naphthol-4-sulfonic  acid  reagent,  30  grams  of  so- 
ium  bisulfite  and  1  gram  of  sodium  sulfite  dissolved  in  200  ml.  of 
istilled  water  and  0.5  gram  of  l-amino-2-naphthol-4-sulfonic 
fid  added.  The  solution  was  heated  slowly  until  the  last  re¬ 
cent  dissolved.  Care  should  be  taken  not  to  heat  solution  too 
ot. 

Add  and  mix  1  ml.  of  hydrochloric  acid  solution  and  2  ml.  of 
nmonium  molybdate  solution  in  rapid  succession  to  50  ml.  of 
imple.  Wait  5  minutes,  then  add  and  mix  1.5  ml.  of  oxalic  acid 
(lution,  followed  by  2  ml.  of  the  l-amino-2-naphthol-4-sulfonic 
fid.  Determine  silica  color  intensity  with  suitable  instrument 
t  a  wave  length  of  700  millimicrons  after  1  minute. 


Table  II.  Effect  of  Phosphate  on  Transmittance 

(Using  Schwartz  method  with  ainino  acid) 


Si02 

PO( 

Transmittance 

P.p.m. 

P.p.m. 

% 

0.1 

0 

94.0 

0.1 

0 

95.0 

0.1 

0 

94.0 

0.1 

0 

94.5 

0.1 

0 

94.0 

0.1 

50 

93.8 

0.2 

0 

89.5 

0.2 

0 

90.3 

0.2 

0 

90.0 

0.2 

0 

89.8 

0.2 

0 

90.0 

0.2 

50 

89.0 

0.5 

0 

76.5 

0.5 

0 

76.8 

0.5 

0 

76.3 

0.5 

50 

76.3 

1.0 

0 

60.0 

1.0 

0 

60.0 

1.0 

0 

60.0 

1.0 

50 

59.8 

2.0 

0 

37.0 

2.0 

0 

37.0 

2.0 

0 

36.5 

2.0 

50 

36.5 

Tests  conducted  using  standard  silica  solutions  showed  no  effect 
a  per  cent  transmittance  with  a  time  interval  from  2  to  15  min- 
tes  after  addition  of  the  final  reducing  agent.  With  a  time  inter- 
al  of  only  3  minutes  after  addition  of  the  ammonium  molybdate, 
final  color  of  less  intensity  was  developed;  however,  as  no 

iiange  was  determined  when  a  time  interval  of  5  and  10  minutes 
as  used,  this  time  was  set  at  5  minutes. 


Figure  1  shows  the  per  cent  transmittance  with  a  40-mm.  cell 
and  19-mm.  test  tubes.  When  phosphate  in  amounts  equal  to  50 
p.p.m.  was  added  to  silica  solutions  no  appreciable  deviation 
from  the  curve  on  phosphate-free  silica  solutions  was  detected 
(Table  II). 

When  50  p.p.m.  of  phosphate  was  present  and  the  oxalic  acid 
was  not  added  (Imhoff  method),  the  transmittance  of  a  blank 
without  silica  present  was  1%;  however,  when  a  similar  test  was 
run  with  oxalic  acid  present,  the  transmittance  was  100%.  This 
shows  that  the  phosphate  had  a  marked  effect  on  the  Imhoff 
method,  but  that  oxalic  acid  entirely  eliminates  the  phosphate 
effect. 

Table  II  shows  that  the  accuracy  of  the  method  is  about  0.02 
p.p.m.  of  silica. 
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Figure  1 

Since  reagents  used  add  a  small  amount  of  color  to  the  test  solu¬ 
tion  and  this  might  vary,  owing  to  the  possibility  of  dissolving 
silica  from  the  glass  containers  used,  a  blank  solution  was  pre¬ 
pared,  using  the  same  volume  of  silica-free  distilled  water  as  the 
test  sample,  to  which  the  regular  amount  of  reagents  were  added 
at  the  time  the  test  sample  was  being  tested.  This  blank  was 
then  put  in  the  spectrophotometer,  the  reading  adjusted  to  100% 
transmittance,  and  the  comparison  made  on  the  test  sample. 
This  eliminated  the  intereference  of  the  reagents  or  silica  in  the  re¬ 
agents.  The  blank  usually  read  about  97%  transmittance  when 
compared  with  distilled  water  to  which  no  reagents  had  been 
added. 

This  modification  of  the  Schwartz  method  has  a  degree  of  ac¬ 
curacy  of  0.01  p.p.m.  in  determining  silica  in  amounts  from  0.02 
to  2.0  p.p.m.,  when  a  50-ml.  sample  is  used.  If  the  silica  is 
above  2  p.p.m.,  the  Schwartz  method  would  work  better,  since  it 
would  require  less  dilution.  These  tests  have  all  been  conducted 
on  distilled  water  or  condensed  steam  free  from  color  or  organic 
material.  The  effect  of  organic  matter  in  the  water  has  not  been 
studied. 
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The  yeast-growth,  yeast-fermentation,  and  thiochrome  methods  for 
thiamine  determination  have  been  studied,  with  an  attempted  evalua¬ 
tion  of  certain  modifications  in  the  yeast  methods.  The  thiochrome 
method  appears  to  be  a  satisfactory  means  of  determining  the  thiamine 
content  of  various  types  of  natural  and  processed  materials.  Judging 
from  values  obtained  by  the  other  methods,  thiochrome  values  may 
be  somewhat  low,  owing  to  the  presence  in  some  extracts  of  sub¬ 
stances  which  interfere  with  the  quantitative  adsorption  of  the  vitamin 
on  Decalso.  The  yeast-growth  method  gives  somewhat  higher  values 
than  the  other  methods.  In  the  case  of  processed  materials,  they  are 
so  high  as  to  be  without  merit.  The  specificity  of  this  method  can 
be  increased  by  use  of  an  adsorption  technique  which  permits 
separation  of  thiamine  from  other  materials  active  in  yeast  growth. 
A  class  of  substances  not  amenable  to  this  modification  is  wheat 
products.  In  the  yeast-fermentation  method,  a  partial  solution  of 
the  difficulties  arising  from  the  sulfite  correction  procedure  is  ob¬ 
tained  through  the  use  of  excess  hydrogen  peroxide  in  removing 
residual  sulfite.  If  a  sufficient  number  of  analyses  are  made  (3  to  5), 
values  obtained  by  this  procedure  usually  agree  satisfactorily  with 
thiochrome  results.  In  the  assay  of  alkali-treated  materials  the  fer¬ 
mentation  method  indicates  the  presence  of  several  times  as  much 
thiamine  as  does  the  thiochrome  method. 


FOR  comparative  purposes  the  thiamine  content  of  various 
types  of  samples  has  been  determined  by  yeast-growth, 
yeast-fermentation,  and  thiochrome  methods.  Along  with  this 
comparative  study,  some  work  has  been  done  on  possible  modi¬ 
fications  of  the  methods  involving  yeast.  Among  the  samples 
assayed  were  two  (15  and  16,  Table  I)  used  for  checking  purposes 
by  the  American  Association  of  Cereal  Chemists  and  three 
samples  (9, 11,  and  13,  Table  I)  used  in  collaborative  studies  spon¬ 
sored  jointly  by  the  Research  Corporation  of  New  York  and  the 
American  Association  of  Cereal  Chemists.  Included  also  were 
samples  which  had  been  subjected  to  heat  treatment  in  alkaline 
solution;  the  thiamine  content  of  these,  in  which  deliberate 
destruction  of  the  vitamin  had  been  effected,  was  estimated  by 
the  methods  under  consideration. 

The  thiochrome  and  yeast-fermentation  methods  have  been 
subjected  to  comparative  study  and  standardization  by  Frey 
and  Hennessy  (7)  and  collaborators.  The  mean  values  obtained 
by  the  two  methods  for  cereal  samples  and  dry  yeast  agree 
remarkably  well  and  are  in  agreement  with  mean  values  obtained 
using  animal  methods  (rat-growth  and  rat-curative);  but  the 
range  of  deviation  of  individual  values  from  a  given  mean  is  con¬ 
siderable,  in  the  fermentation  method  being  as  high  as  59%,  in 
the  chemical  one  as  high  as  122%.  These  studies  were  made  on 
cereal  products  with  one  exception,  and  values  for  each  sample 
obtained  by  a  single  method  vary  considerably. 

Cheldelin  and  Williams  (2)  report  that  thiamine  values  for 
food  samples  determined  by  the  yeast-growth  method  of  Williams, 
McMahan,  and  Eakin  (20)  are  in  good  agreement  in  most  cases 
with  the  values  obtained  by  the  thiochrome  method  as  reported 
by  Lane,  Johnson,  and  Williams  (13),  Nordgren  and  Andrews 
(15),  and  Conner  and  Straub  (3);  these  comparisons,  however, 
were  not  made  on  the  same  sample  preparations.  Only  in  the 
case  of  foods  which  have  been  subjected  to  processing  involving 
heat  treatment  did  Cheldelin  and  Williams  observe  the  yeast- 
growth  method  to  show  striking  disagreement  (too  high  values) . 


No  previous  comparisons  have  been  made  using  the  yeast- 
growth  and  yeast-fermentation  methods. 

In  a  comparative  study  such  as  this,  it  is  desirable  to  prepare 
extracts  of  samples  which  are  suitable  for  assay  by  each  method 
employed.  Since  thiamine  often  occurs  in  yeast  and  animal 
tissues  as  cocarboxylase,  and  since  the  pyrophosphoric  ester  is 
inactive  in  the  yeast  growth  test  (20)  and  thiochrome  pyrophos¬ 
phate  is  not  extractable  with  isobutanol  (12),  a  hydrolyzing  agent 
must  be  used  to  convert  cocarboxylase  to  thiamine  if  the  yeast- 
growth  or  thiochrome  methods  are  to  be  used. 

Lohmann  and  Schuster  (14)  have  shown  that  the  above  con¬ 
version  can  be  accomplished  enzymatically  with  suitable  enzyme 
preparations.  Pyke  (17)  and  Dawson  and  Martin  (4)  have  used 
digestion  with  pepsin  followed  by  digestion  with  takadiastase, 
and  Harris  and  Wang  (8)  have  used  incubation  with  takadiastase 
and  papain  following  a  preliminary  heating  in  the  presence  of 
acid.  Cheldelin  et  al.  (1)  used  digestion  with  takadiastase  and 
papain,  and  in  this  study  their  procedure  was  adopted;  the  phos¬ 
phatase  preparation  used  is  sold  under  the  trade  name  Clarase. 

ASSAY  METHODS 

Yeast  Gp.owth.  The  method  of  Williams,  McMahan,  and 
Eakin  (20),  which  is  based  on  the  stimulatory  effect  of  thiamine 
on  the  growth  of  Saccharomyces  cerevisiae,  Old  Process  strain,  was 
used.  Yeast  growth  was  measured  turbidimetrically. 

Though  the  basic  procedure  of  the  growth  method  was  retained 
throughout  this  work,  the  preparation  and  treatment  of  extracts 
to  be  assayed  were  varied.  Thiamine  content  of  the  following 
types  of  extracts  was  estimated:  (a)  extracts  of  enzyme-digested 
samples,  (b)  extracts  of  alkali-digested  samples,  and  (c)  eluates 
of  extracts  (a)  and  (b)  prepared  by  adsorption  of  sample  ali¬ 
quots  on  Decalso  followed  by  elution  with  acidified  potassium 
chloride. 

Yeast  Fermentation.  The  procedure  recommended  by 
Schultz,  Atkin,  and  Frey  (18)  was  followed  in  determining  the 
thiamine  content  of  the  following  types  of  sample  extracts:  (a) 
extracts  of  enzyme-digested  samples,  and  (b)  extracts  of  alkali- 
digested  samples. 

A  commercial  fermentometer  was  used. 

In  some  cases  this  method  was  modified  to  the  extent  that,  in¬ 
stead  of  using  sulfite  treatment  as  a  means  of  correcting  for  non¬ 
thiamine  activity,  preliminary  adsorption  and  elution  using 
Decalso  were  performed  before  the  fermentation  test  was  ap¬ 
plied. 

Thiochrome.  The  procedure  of  Hennessy  (9)  was  followed, 
especial  care  being  taken  to  standardize  the  timing  of  all  opera¬ 
tions  beginning  with  the  oxidation  of  the  sample.  The  thiamine 
content  of  eluates  of  the  following  types  of  extracts  was  estimated: 
(a)  extracts  of  enzyme-digested  samples,  and  (b)  extracts  of 
alkali-digested  samples. 

Fluorescence  was  determined  with  a  Pfaltz-Bauer  fluoro- 
photometer. 

PREPARATION  OF  SAMPLE  EXTRACTS  AND  ELUATES 

Enzyme-Digested  Samples  (la).  In  order  to  obtain  certain 
materials  to  be  assayed  in  a  finely  divided  condition,  they  were 
homogenized  in  a  Waring  Blendor.  Two  per  cent  Clarase  and 
2%  papain  were  added  to  each  sample,  together  with  0.5% 
sodium  acetate-acetic  acid  buffer  (pH  4.5),  and  after  the  addition 
of  0.5  ml.  of  benzene  the  mixture  was  incubated  for  24  hours. 
At  the  end  of  the  incubation  period  the  samples  were  steamed 
30  minutes,  made  to  volume,  filtered,  steamed  10  minutes  for 
sterilization,  and  then  stored  in  the  refrigerator  until  assayed. 
The  amount  of  buffer  used  in  preparing  the  respective  extracts 
depended  on  the  approximate  thiamine  content  of  the  sample, 
since  Hennessy  (9)  has  found  preferred  volumes  from  which  ad¬ 
sorption  should  be  effected,  as  well  as  preferred  amounts  of 
thiamine  to  be  adsorbed  per  column  of  Decalso. 
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This  procedure  was  varied  somewhat  for  samples  of  high 
starch  content;  for  these,  in  addition  to  an  extract  prepared  in 
the  manner  above,  an  extract  was  prepared  by  diluting  the  in¬ 
cubated  mixture  to  its  final  volume  and  filtering  prior  to  the  30- 
minute  steaming  period.  The  extract  was  refiltered  if  solid 
material  separated  out  on  steaming.  This  type  of  extraction  is 
:  designated  as  la'  in  Table  I. 

Alkali-Digested  Samples  (2a).  The  samples  listed  in 
Table  II  were  put  in  solution,  the  pH  was  adjusted  to  9  by  addi¬ 
tion  of  sodium  hydroxide,  and  the  solution  autoclaved  1  hour  at 
7  kg.  (15  pounds)  pressure.  After  cooling,  the  pH  of  each  solu¬ 
tion  was  adjusted  to  4.5  by  the  addition  of  sulfuric  acid  and  the 
volume  brought  to  its  final  value. 

Eluates  (lb,  lb',  2b).  An  aliquot  of  each  of  the  sample  ex¬ 
tracts  containing  0.5  to  10  micrograms  of  thiamine  was  ad¬ 
sorbed  on  a  column  of  Decalso  and  eluted  with  acidified  potas¬ 
sium  chloride,  in  accordance  with  the  method  described  by 
Hennessy  (9).  The  treatment  of  the  zeolite  prior  to  adsorption 
and  the  entire  base-exchange  procedure  used  were  those  rec¬ 
ommended  by  Hennessy. 

DISCUSSION  OF  METHODS 

Yeast  Growth.  Williams  and  co-workers  (16,  21,  23,  24) 
have  used  the  yeast-growth  method  in  investigations  of  small 
amounts  of  tissues,  in  which  all  other  methods  were  of  necessity 
1  excluded  because  of  the  relatively  large  samples  required.  It 
was  found  to  be  highly  sensitive  and  to  give  reproducible  and 
! seemingly  consistent  results  of  the  right  order  of  magnitude;  re¬ 
covery  tests  indicated  that  it  was  sufficiently  specific  to  be  of 
value  when  applied  to  fresh  tissue  extracts.  It  requires  inex- 
i  pensive  equipment  and  many  tests  per  day  can  be  run  by  one 
individual.  However,  the  finding  of  Cheldelin  and  Williams  (•£) 
that  yeast-growth  values  for  materials  which  have  been  heated 
during  processing  are  much  higher  than  corresponding  thiochrome 
values  has  made  it  evident  that  the  yeast-growth  method  cannot 
be  applied  in  its  original  form  to  certain  types  of  materials. 

A  modification  has  proved  useful  in  overcoming  this  discrep¬ 
ancy.  The  thiamine  in  sample  extracts  was  separated  from 
other  materials  known  to  stimulate  yeast  growth  by  taking  ad¬ 
vantage  of  the  selective  adsorption  of  Decalso  for  the  vitamin, 


and  the  contents  of  the  eluates  from  adsorption  were  measured. 
Neither  5-(2-hydroxyethyl)-4-methylthiazole,  which  was  found 
in  this  investigation  to  be  68%  as  active  as  thiamine  on  an 
equimolecular  basis,  nor  4-amino-5-ethoxymethyl-2-methyl- 
pyrimidine  which  is  14%  active,  is  adsorbed  on  Decalso  from  solu¬ 
tions  in  sodium  acetate  buffer  (pH  4.5)  in  the  routine  adsorption 
procedure.  [Deutsch  (5)  reports  that  “more  than  95%  of  the 
pyrimidine  is  also  removed  by  zeolite”;  the  pyrimidine  referred 
to  is  presumably  “(III)  the  pyrimidine  portion,  4-amino-2- 
methyl-5-ethoxymethylpyrimidine”.  He  fails  to  indicate,  how¬ 
ever,  whether  or  not  the  adsorbent  used  was  activated  Decalso 
and  at  what  pH  adsorption  was  effected.]  Indirect  evidence 
points  to  an  analogous  adsorption  behavior  of  the  5-hydroxy- 
methylpyrimidine  derivative  which  is  formed  by  the  hydrolytic 
cleavage  of  thiamine,  since  eluates  from  the  Decalso  adsorption  of 
alkali- treated  samples  (Table  II)  measured  in  the  yeast-growth 
method  proved  to  have  only  a  small  percentage  of  the  activity 
determined  for  the  corresponding  whole  extracts. 

Yeast  Fermentation.  In  preliminary  investigations  made 
in  connection  with  work  done  at  this  institution  (22)  in  deter¬ 
mining  the  thiamine  content  of  food  samples,  considerable  diffi¬ 
culty  has  been  encountered  in  obtaining  satisfactory  replicate 
values  for  the  sulfite-treated  samples.  This  difficulty  was  re¬ 
moved  in  part  by  the  use  of  excess  hydrogen  peroxide  in  destroy¬ 
ing  residual  sodium  sulfite,  a  precautionary  measure  recom¬ 
mended  by  Josephson  and  Harris  (11)  for  the  microfermentation 
method.  But  for  some  samples  this  precaution  did  not  alleviate 
the  difficulty.  It  has  been  reported  recently  that  the  thiazole 
and  pyrimidine  sulfonic  acid  resulting  from  the  sulfite  cleavage 
of  thiamine  are  slightly  stimulatory  in  the  microfermentation 
method  (5),  and  it  is  not  unlikely  that  they  are  similarly  active 
in  the  macromethod. 

A  modification  involving  adsorption  was  attempted  in  order 
to  eliminate  the  sulfite  treatment  of  samples,  but  it  failed  to 
eliminate  entirely  the  interfering  substances.  It  was  established 
that  filtrates  with  combined  washings  from  Decalso  adsorption  of 


Table  I.  Comparison  of  Values  from  Thiochrome,  Yeast-Growth,  and  Yeast-Fermentation  Determinations 
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Plant  and  animal  tissues 

Micrograms  per  gram 

% 

% 

% 

% 

% 

% 

7.1 

7.0 

14.7 

7.1 

-  1.4 

_ 

1.4 

+  107 

+  107 

0 

1  Peanuts,  fresh  (la) 

2  Oatmeal  (la) 

6.8 

7.9 

8.  1 

8.0 

7.2 

+  15.6 

— 

1.2 

+  18 

+  1.2 

+  16.8 

+  5.9 

3  Oatmeal  (la') 

7.6 

9.5 

10 

8.4 

6.9 

+  25 

+ 

13 

+  32 

+  19 

+  10.5 

-  9.2 

4  Beef  muscle  (la) 

0.59 

0.63 

1.3 

0.94 

0.76 

+  6.8 

— 

33 

+  114 

+  34 

+  59.4 

+  29 

5  Potatoes,  white  (la) 

6  Potatoes,  white  (la') 

1.13 

1.18 

1.82 

1.41 

1  34 

+  4.4 

— 

16 

+  61 

+  29 

+  25 

+  19 

111 

1 

1.65 

1.21 

1.22 

-  9.9 

— 

8.2 

+  49 

+  36 

+  9 

+  9.9 

7  Potatoes,  white  (dehydrated)  (la) 

2.97 

5 

4.25 

3.3 

+  68 

+ 

51 

+  43 

+  29 

+  11 

8  Green  peas  (dehydrated)  (la) 

5.77 

6.9 

8.5 

7.5 

+  20 

— 

8 

+  47 

+  13 

+  30 

9  Dry  yeast  (la)a 

598 

658 

735 

654 

625 

+  10 

+ 

0.6 

+  23 

+  13 

+  9.4 

—  5.4 

10  Wheat  germ  (la) 

18.4 

24.5 

20.6 

16.7 

+  33 

+ 

47 

+  12 

+  23 

-  9.2 

11  Whole  wheat  (la)a 

12  Whole  wheat  (la') 

4 

6.65 

5.2 

5.1 

+  66 

+ 

28 

+  29 

+  27 

4.2 

5.2 

5.2 

4.3 

5.0 

+  24 

+ 

21 

+  24 

+  21 

+  24 

+  19 

13  White  flour  (la)a 

14  White  flour  (la') 

0.69 

1.24 

0.81 

1.34 

+  79.5 

+ 

53 

+  17 

+  94 

0.68 

0.93 

0.98 

0.57 

1.01 

+  37 

+ 

63 

+  44 

+  72 

-  16 

+  49 

15  Cereal  product  (la)6 

24.9 

30.3 

31.9 

25.9 

26.8 

+  22 

+ 

19 

+  28 

+  23 

+  4 

+  7.6 

16  Rice  product  (la)6 

2.8 

3.4 

4.6 

3 

4.9 

+  21 

+ 

13 

+  64 

+  53 

+  7 

+  75 

Processed  materials  c 

17  Peanuts,  roasted  (la) 

2.8 

3.3 

15.3 

2.8 

+  17.8 

+ 

17.8 

+  446 

+  446 

0 

18  Yeast  extract  (la) 

17.1 

19.4 

63.6 

23.7 

+  13.4 

— 

18.2 

+  272 

+  168 

+  38.6 

19  Rice  bran  concentrate  (la) 

50.2 

51.2 

170 

75.8 

+  2 

— 

32.4 

+  240 

+  124 

+  51 

20  Whole  wheat  bread  (la) 

1.2 

2.2 

2.4 

1.03 

+  83 

+  114 

+  100 

+  133 

-  13 

Urine 

Micrograms  per 

ml. 

+  277 

+  719 

21  Sample  1  (la) 

0.061 

0.081 

0.23 

0.5 

+  33 

— 

65 

22  Sample  2  (la) 

0.15 

0.18 

i .  23 

0.54 

+  20 

— 

67 

+  720 

+  128 

+  260 

a  Received  from  R.  R.  Williams.  These  samples,  designated  as  Nos.  6,  1,  and  3  by  the  Research  Corporation  Committee,  have  respective  thiamine  contents 
of  702,  5.1,  and  0.92  micrograms  per  gram.  Indicated  mean  values  were  derived  from  results  of  nineteen  collaborators  who  used  thiochrome  method  (7).  Many 
ndividual  values  deviated  widely  from  the  mean. 

6  Obtained  from  J.  S.  Andrews,  of  General  Mills,  Inc.  Thiamine  content,  25  and  3.0  micrograms  per  gram,  respectively. 

I  c  Subjected  to  more  or  less  cooking,  may  contain  thiamine  fragments. 
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samples  contain  considerable  quantities  of  material  stimulative 
to  fermentation,  and  further  that  4-amino-5-ethoxymethyl-2- 
methylpyrimidine,  and  probably  the  corresponding  5-hydroxy- 
methylpyrimidine  derivative  as  well,  each  of  which  stimulates 
fermentation  (18,  19),  are  not  adsorbed  on  Decalso  under  the  con¬ 
ditions  employed.  Hence  it  appeared  that  eluates  from  Decalso 
adsorption  might  serve  as  suitable  test  materials.  The  salt  con¬ 
centration  in  the  eluate  depresses  fermentation  somewhat,  so  that 
it  was  necessary  to  add  to  each  standard  bottle  the  amount  of 
potassium  chloride  in  the  aliquot  of  eluate  being  tested.  In  no 
case  was  more  than  5  ml.  of  an  eluate  used. 

In  checking  the  fermentometer  it  was  found  that  some  of  the 
bottles,  regardless  of  placement  in  the  shaker,  permitted  settling 
of  the  yeast  during  the  3-hour  shaking  period,  and  as  a  conse¬ 
quence  smaller  volumes  of  carbon  dioxide  were  evolved  than  from 
those  bottles  in  which  no  sedimentation  occurred.  This  source 
of  error  was  easily  eliminated  by  replacing  the  imperfect  bottles 
which  had  irregular  seals  between  the  walls  and  bottoms. 

Thiochrome.  In  this  method  based  on  the  oxidative  conver¬ 
sion  of  thiamine  to  thiochrome,  a  possible  source  of  error  arises 
from  the  fact  that  thiamine  may  be  incompletely  adsorbed  on  the 
zeolite.  Egana  and  Meiklejohn  (6)  have  found  by  means  of  re¬ 
covery  experiments  that  urine  samples  which  contain  blood  or 
bile,  as  well  as  those  from  individuals  whose  thiamine  intake  is 
low,  contain  some  material  which  prevents  complete  adsorption 
of  the  vitamin  on  Decalso,  while  normal  urine  appears  free  from 
this  inhibitory  material.  Such  inhibitory  substances  may  be  of 
more  general  occurrence  than  is  appreciated,  in  which  case  the 
effects  would  be  particularly  apparent  in  the  case  of  extracts 
containing  a  low  concentration  of  thiamine.  That  urine  con¬ 
tains  an  unidentified  material  which  interferes  with  the  ad¬ 
sorption  of  pantothenic  acid  on  charcoal  was  found  by  Hogg  (10). 

The  presence  of  interfering  fluorescent  materials  in  the  eluates 
can  also  serve  as  a  source  of  error,  especially  if  such  materials 
are  labile  to  oxidation,  so  that  their  contribution  to  fluorescence 
in  the  oxidized  sample  differs  from  that  in  the  unoxidized  blank. 

Values  obtained  by  the  chemical  method  have  been  chosen  as 
reference  values  for  this  comparative  study. 


Table  II.  Effect  of  Alkali  Treatment  on  Thiamine  Content 


Thio¬ 

Yeast 

Yeast 

Yeast 

chrome 

Growth 

Growth 

Fermentation 

Samples 

(2b) 

(2b) 

(2a) 

(2a) 

Micrograms  per  gram 

Yeast  extract  (2a) 

0.02 

i 

65.2 

5.8 

Yeast  extract  (2a) 

0.33 

2.57 

46 

3.9 

Rice  bran  concentrate  (2a) 

3.6 

9.3 

187 

18.7 

Thiamine,  crystalline  (2a) 

0 

4“ 

4.5“ 

13a 

“  Values  in  terms  of  %  thiamine  activity  intact  after  alkali  treatment. 


DISCUSSION  OF  RESULTS 

The  comparative  results  obtained  for  enzyme-digested  samples, 
together  with  the  percentage  deviation  of  values  from  corre¬ 
sponding  thiochrome  values,  are  listed  in  Table  I.  In  the  case 
of  values  from  yeast-growth  determinations,  percentage  devia¬ 
tions  from  yeast-fermentation  results  are  also  indicated.  In 
Table  II,  values  for  the  thiamine  content  of  the  alkali-treated 
samples  are  presented. 

Of  the  samples  assayed  in  this  study  which  have  been  used 
previously  in  two  sets  of  collaborative  determinations,  Nos.  15 
and  16  were  found  to  give  thiochrome  and  fermentation  values 
in  close  agreement  with  reported  contents,  but  values  lower  than 
the  reported  means  were  obtained  for  Nos.  9,  11,  and  13.  Since 
the  authors’  values  for  the  last  three  were  obtained  at  least  a 
year  and  a  half  later,  it  is  not  unlikely  that  in  these  samples  some 
loss  of  thiamine  occurred  during  storage. 

Comparison  of  Values  from  Yeast-Growth  and  Thio¬ 
chrome  Determinations.  Without  exception,  values  obtained 
for  whole  extracts  (la,  la')  by  the  yeast-growth  method  are  higher 


than  corresponding  values  from  thiochrome  determinations 
In  the  case  of  heat-processed  materials  and  urine,  the  deviation! 
are  of  far  greater  magnitude  than  for  the  unprocessed  material: 
assayed.  This  is  probably  due  to  the  presence  of  active  frag 
ments  of  the  thiamine  molecule  in  these  samples. 

For  most  samples,  values  for  eluates  (lb,  lb')  are  significantly 
lower  than  those  for  the  corresponding  whole  extracts  in  the  yeast 
growth  determination,  and  are  in  better  agreement  with  value! 
from  the  chemical  method.  Fifteen  of  the  22  eluates  listed  ii 
Table  I  gave  values  within  ±25%  of  the  thiochrome  values,  ( 
of  them  being  within  ±10%.  For  wheat  products,  use  of  th< 
adsorption  technique  accomplishes  no  improved  agreement  o 
values  from  yeast-growth  assay  with  those  from  thiochrome  deter 
minations.  Evidently  wheat  products  contain  some  growth 
promoting  substance  other  than  thiamine  which  is  not  separatee 
from  the  vitamin  by  the  base-exchange  procedure. 

Comparison  of  Values  from  Yeast  Fermentation  ani 
Thiochrome  Determinations.  Values  listed  in  Table  I  ob¬ 
tained  by  thiochrome  and  yeast-fermentation  assay  are  in  fail 
agreement,  15  of  the  22  fermentation  values  agreeing  withir 
±25%  with  thiochrome  figures.  In  the  case  of  rice  bran  con¬ 
centrate,  beef  muscle,  and  urine,  fermentation  values  are  mor< 
than  50%  higher  than  thiochrome  values.  For  rice  bran  con¬ 
centrate,  the  nonthiamine  material  active  in  the  fermentatioi 
test  (determined  by  sulfite  treatment)  amounts  to  approximately 
50%  of  the  total  stimulatory  material  present;  for  urine,  it  rep 
resents  approximately  70%  of  the  total.  These  correction  term; 
are  certainly  high,  but  such  corrections  do  not  of  themselves  in¬ 
validate  results  because  in  other  samples  assayed — viz.,  roastec 
peanuts,  yeast  extract,  whole  wheat  bread,  and  white  flour — th( 
nonthiamine  active  material  amounts  to  50%  or  more  of  the  tota 
stimulatory  material  present,  yet  agreeing  values  are  obtainec 
by  the  two  methods.  It  may  be  that  the  rice  bran  concentrate 
beef  muscle,  and  urine  samples  contain  some  material  whicl 
interferes  with  the  adsorption  of  thiamine  on  Decalso,  so  thai 
values  from  the  fluorometric  method  are  lower  than  the  actua 
thiamine  content;  that  urine  may  contain  such  material  has  beei 
pointed  out  by  other  workers  (6) .  An  alternate  interpretation  i; 
that  these  samples  contain  some  active  material  other  than  thia 
mine  which  is  inactivated  by  sulfite  treatment,  so  that  it  appear: 
as  thiamine  in  the  fermentation  assay. 

For  those  eluates  assayed  in  the  yeast-fermentation  method 
values  were  obtained  which  for  the  most  part  agree  as  well  oi 
better  with  thiochrome  values  than  do  the  corresponding  value: 
obtained  using  sulfite  treatment.  For  urine,  white  flour,  anc 
the  rice  product  this  was  not  the  case;  for  these,  values  for  the 
eluates  were  considerably  higher.  Since  the  assay  of  eluate: 
does  not  give  consistently  improved  values,  it  cannot  be  recom¬ 
mended  as  an  adequate  substitute  for  the  usual  procedure  in¬ 
volving  sulfite  correction. 

Comparison  of  Values  from  Yeast  Growth  and  Yeast- 
Fermentation  Determinations.  Yeast-growth  values  foi 
whole  extracts  (la,  la')  of  unprocessed  materials  are  from  1  tc 
100%  higher  than  corresponding  fermentation  values;  value: 
for  processed  materials  are  entirely  out  of  line,  as  observed  in  the 
previous  comparison.  Values  for  eluates  (lb,  lb')  assayed  by 
yeast  growth  are  in  better  agreement  with  fermentation  results, 
and  for  most  samples  the  agreement  is  fairly  good;  12  of  the  22 
eluate  values  in  Table  I  agree  with  the  corresponding  fermenta¬ 
tion  values  within  ±25%.  Dehydrated  potatoes,  white  flour, 
wheat  germ,  and  whole  wheat  bread  gave  discordant  results  by 
the  two  methods. 

Comparison  of  Values  for  Alkali-Treated  Samples.  The 
results  listed  in  Table  II  show  that  pure  thiamine  subjected  to 
heat  treatment  at  an  alkaline  pH  is,  according  to  thiochrome 
measurement,  completely  destroyed.  In  the  yeast-growth 
method  it  retains  4  to  4.5%  of  its  activity,  and  in  the  yeast-fermen¬ 
tation,  13%. 

For  alkali-treated  samples  tested,  thiochrome  values  are  far 
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ower  than  are  corresponding  values  from  either  of  the  yeast 
methods.  Eluate  yeast-growth  values  are  in  better  agreement 
with  thiochrome  values  than  are  any  others,  but  they  too  are 
significantly  higher. 

In  each  extract  there  appears  to  be  some  material  which  is  (1) 
•elatively  stable  to  alkali  and  heat  treatment,  (2)  adsorbed  on 
Decalso  and  eluted  with  acidified  potassium  chloride,  (3)  labile 
go  sulfite  treatment,  and  (4)  stimulatory  to  yeast  growth  and 
ermentation. 
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Device  for  Rapid  Closing  of  Weighing  Bottles 

SARAH  MYERS  CHASTAIN1,  Western  Regional  Research  Laboratory,  Albany,  Calif. 


HEN  large  numbers  of  vacuum-oven  moisture  determina¬ 
tions  are  made,  it  is  convenient  to  use  a  device  designed 
o  facilitate  closing  a  number  of  weighing  bottles  at  the  same 
ime.  Closing  each  bottle  by  hand  is  not  only  tedious  but  slower, 
nd  this  delay  between  opening  the  oven  and  closing  the  bottles 
aay  give  some  samples  a  chance  to  absorb  moisture  from  the 
tmosphere. 


Two  devices,  fundamentally  alike  but  adapted  to  different 
orms  of  bottle  closure,  have  been  used  in  this  laboratory.  Each 
onsists  of  two  plates.  The  top  plate  supports  the  lids  or  stoppers 
nd  serves  both  to  open  and  to  close  the  bottles;  the  bottom 
date,  similar  in  both  types,  keeps  the  bottles  in  fixed  positions, 
doth  plates  are  placed  in  the  oven  where  they  rest  on  the  brackets 
hat  ordinarily  support  the  shelves. 

Plates  of  type  A  (Figure  1)  were  designed  to  fit  a  vacuum  oven 
n  the  form  of  a  cylinder  22.5  cm.  (9  inches)  in  diameter  by  45 
m.  (18  inches)  long,  and  the  pair  accommodates  40  Parr  weigh- 
ng  bottles,  25  mm.  wide  and  20  mm.  high,  having  outside- 
■tting  ground-glass  lids.  The  bottom  plate  consists  of  a  con- 
inuous  metal  sheet,  0.16  cm.  (Vie  inch)  thick,  riveted  to  thicker 
0.6-cm.,  0.25-inch)  nonmetallic  sheet  material  (such  as  fiber- 
>oard)  having  round  holes,  uniformly  arranged  in  parallel  rows, 
o  fit  the  bottoms  of  the  bottles.  Metal  is  used  for  the  contin- 
ous  base  to  ensure  good  heat  conductivity  to  the  bottles.  The 
op  plate,  which  holds  the  lids,  is  made  of  nonmetallic  sheet 
raterial  and  has  holes  corresponding  to  those  in  the  bottom  plate 
nd  large  enough  to  let  the  uncovered  weighing  bottles  go 
hrough.  These  holes  have  a  slightly  larger  diameter  from  the 
pper  surface  to  about  halfway  through  the  plate,  in  order  to 

1  1  Present  address,  214  South  Thayer  St.,  Ann  Arbor,  Mich. 


hold  the  lids  in  place.  One  end  of  the  top  plate  has  a  hole  cor¬ 
responding  in  position  and  size  to  a  guide  post  at  one  end  of  the 
bottom  plate. 

To  load  this  device,  the  top  plate  is  placed  on  the  bottom 
one,  the  closed  bottles  are  placed  in  the  holes,  their  lids  are 
loosened,  and  the  top  plate  is  slowly  raised.  The  bottoms  of  the 
bottles  will  remain  on  the  lower  plate,  while  the  lids  will  be  lifted 
with  the  top  plate.  After  the  drying  period,  the  bottles  are  closed 
by  moving  the  upper  plate,  loaded  with  the  caps,  downward 
along  the  guide  post.  The  closed  bottles  may  then  be  lifted  out 
of  the  holes. 


Figure  2.  Type  B.  Stoppers  Being  Lowered  onto  Bottles 


A  similar  device,  type  B  (Figure  2),  accommodates  32  bottles, 
40  mm.  wide  by  50  mm.  high,  having  inside-fitting  ground- 
glass  stoppers.  The  top  plate  has  slits  and  grooves  at  right 
angles  to  each  other.  All  the  slits  are  parallel.  The  bottles  are 
placed  in  the  bottom  plate  with  the  flattened  tops  of  the  stoppers 
parallel  to  the  direction  of  the  slits  in  the  top  plate,  which  is 
lowered  until  it  rests  on  the  weighing  bottles;  the  tops  are  turned 
through  a  90°  angle  to  fit  into  the  grooves;  and  the  top  plate  is 
slowly  lifted,  removing  the  stoppers  which  are  suspended  from 
it.  After  drying,  the  stoppers  may  be  lowered  onto  the  bottles, 
the  tops  turned  in  the  direction  of  the  slits,  and  the  top  plate 
lifted  off. 


Substituted  1,10-Phenanthroline  Ferrous  Complex 
Oxidation-Reduction  Indicators 

Potential  Determinations  as  a  Function  of  Acid  Concentration 

G.  FREDERICK  SMITH  AND  FREDERIC  P.  RICHTER,  Wm.  Albert  Noyes  Laboratories,  University  of  Illinois,  Urbana,  III. 


This  paper  deals  with  determination  of  the  variation  in  the  potential 
at  which  the  phenanthrolinium  ion  is  oxidized  from  the  ferrous  to  the 
ferric  form  as  a  function  of  acidity.  The  data  include  those  for  the 
substituted  complex  ions  in  which  the  5-  or  6-position  hydrogen  is 
replaced  by  methyl,  nitro,  chloro,  or  bromo  radicals,  and  for  the 
complex  ions  in  which  the  5-  and  6-position  hydrogens  have  been 
replaced  by  both  the  methyl  and  nitro  groups. 

THE  first  application  of  the  phenanthrolinium  complex  ion 
as  an  indicator  in  oxidation-reduction  reactions  was  de¬ 
scribed  by  Walden,  Hammett,  and  Chapman  (8).  The  nitro 
substitution  product  was  first  studied  by  Hammett,  Walden,  and 
Edmonds  ( 1 ),  and  its  first  practical  application  was  in  the  deter¬ 
mination  of  oxalic  acid,  described  by  Smith  and  Getz  (6).  The 
synthesis  of  the  materials  is  described  by  Smith  and  Getz  ( 5 )  and 
Richter  and  Smith  (4).  The  spectrophotometric  properties  of 
these  products  were  studied  by  Moss,  M ellon,  and  Smith  (3) . 


EXPERIMENTAL  WORK 

Pertinent  data  concerning  the  materials  of  this  discussion  are 
contained  in  Table  I. 

A  procedure  similar  to  that  described  by  Walden,  Hammett, 
and  Chapman  (3)  was  employed  when  both  the  ferrous  and  ferric 
complex  phenanthrolinium  ions  were  found  to  be  stable  in  the 
various  strengths  of  acid  studied.  This  was  true  in  the  case  of 
1,10-phenanthroline  and  5-methyl-l, 10-phenanthroline.  The 
simultaneous  titration  of  a  mixture  of  ferrous  sulfate  and  ferrous 
phenanthrolinium  ions  was  carried  out,  using  either  a  solution  of 
sulfatoceric  acid  or  potassium  dichromate  in  solutions  of  sulfuric 
acid  of  concentration  equal  to  that  of  the  solutions  of  the  ions 
being  titrated.  The  range  of  acidity  employed  was  from  1  to  8 
moles  per  liter.  The  ceric-cerous  and  ferrous  and  ferric  potentials 
were  separately  determined  under  the  same  conditions  and  the 
values  of  these  two  reference  points  reconfirmed. 

A  typical  sample  titration  graph  is  shown  in  Figure  1.  Titra¬ 
tion  conditions  used  were: 

10  ml.  of  an  approximately  0.1  molar  ferrous  sulfate  solution  in 
sulfuric  acid  (4  gram  molecules  of  sulfuric  acid  per  liter) 

15  ml.  of  an  approximately  0.1  molar  solution  of  methyl-ferroin 
added  to  an  equal  volume  of  sulfuric  acid  (8  gram  molecules  of 
sulfuric  acid  per  liter) 

Dilution  to  200  ml.  by  addition  of  sulfuric  acid  (4  gram  mole¬ 
cules  of  sulfuric  acid  per  liter) 


Titration  using  0.1  A  potassium  dichromate  dissolved  in  sulfuri 
acid  (4  gram  molecules  of  sulfuric  acid  per  liter) 

Frequently  employed  reference  point  potentials  of  varioi 
systems  as  used  at  different  acid  concentrations  are  given  i 
Table  II. 

GENERAL  PROCEDURE  FOR  DETERMINATION  OF  FORMAL  ELECTROC 

POTENTIALS 

For  some  of  the  phenanthrolinium  ions  the  potential  of  tl 
higher  reference  system  is  not  sufficient  to  oxidize  the  ferrous  t 
the  ferric  ion  complex.  To  use  a  perchloric  acid  solution  of  pe 
chloratoceric  acid  because  of  its  higher  potential  in  some  cases  \v: 
unsatisfactory  because  of  the  formation  of  insoluble  ferrous  pe 
chlorate  complex  phenanthrolinium  ions.  In  other  cases  equal 
insoluble  sulfuric  acid  complex  ions  resulted  at  the  higher  aciditie 

The  ferric  complex  phenanthrolinium  ions  (with  the  exceptic 
of  oxidized  ferroin  and  methyl-ferroin)  were  not  stable  for  moi 
than  a  short  interval,  especially  at  higher  acid  concentration 

In  these  cases  solutions  of  0.( 
or  0.025  N  sulfatocerate  ion  i 
'solutions  containing  1  to  8  gra: 
molecules  of  sulfuric  acid  pi 
liter  were  prepared  by  dissolvir 
pure  ammonium  nitratocerate  i 
concentrated  sulfuric  acii 
followed  by  gradual  dilution  1 
the  proper  amount.  The  subst 
tuted  ferroin  indicator  solutioi 
of  0.01  or  0.025  M  concentratioi 
were  prepared  by  solution  of  tl 
proper  weight  of  indicator  ba; 
(Table  I)  in  0.01  or  0.025 
ferrous  ammonium  sulfate  sol 
tion.  Measured  portions  of  tl 
cerate  solution  (25.00  ml.)  we 
placed  in  400-ml.  beakers  and  a 
equal  volume  of  sulfuric  acid 
twice  the  strength  finally  r 
quired  was  added.  Dilution  w; 
made  to  200  ml.  with  sulfuric  acid  of  the  same  desired  strengt 

A  measured  portion  (50.00  ml.)  of  the  ferroin  or  substituh 
ferroin  was  then  added  in  one  portion  with  vigorous  stirrin 
The  potential  of  the  resulting  solution  was  read  at  once,  using 
saturated  calomel  electrode  and  a  bright  platinum  electrode 
references.  Any  condition  such  as  results  from  instability  of  tl 
ferric  phenanthrolinium  ions  was  indicated  by  a  gradual  fall 
potential  which  could  be  observed  without  difficulty.  Such  i 
stability  was  more  pronounced  at  higher  acid  concentrations  ai 


Figure  1.  Simultaneous  Titration  of  Ferrous  and 
Phenanthrolinium  Ferrous  Ions 


In  4  M  sulfuric  acid  solution,  using  potassium  dichromate  in  4  M 
sulfuric  acid  throughout 


Table  I.  Physical  Constants  of  Phenanthrolines  and  Their  Substitution  Products 


Amount 
Required  for 

M.  P. 

Common  Name  of 

1000  Ml.  of 

Formal 

(Anhy¬ 

Ferrous  Sulfate 

0.01  MFe  +  + 

Oxidation 

Compound 

drous) 

Complex 

Mol.  Wt. 

Complex 

E.M.F. 

°  C. 

Grams 

V  oltsa 

5-Nitro-l,  10-phenanthroline 

202 

Nitro-ferroin 

225.20 

6.7560 

1.25 

5-Nitro-6-methyl-l,10-phenanthroline 

269 

Nitromethyl-ferroin 

239.23 

7.1768 

1.22 

5-Bromo-l ,  10-phenanthroline  monohydrate 

119 

Bromo-ferroin 

277.11 

8.3134 

1.12 

5-Chloro-l ,  10-phenanthroline  monohydrate 

123 

Chloro-ferroin 

232.66 

6.9800 

1.12 

1,10-Phenanthroline  monohydrate 

117 

Ferroin 

198.22 

5.9464 

1.06 

5-Methyl-l,  10-phenanthroline  monohydrate 

114 

Methyl-ferroin 

212.24 

6.3673 

1.02 

“  Formal  potential,  when  oxidized  and  reduced  forms  are  equal,  in  sulfuric  acid  solutions  of  one  molecular  weight 
per  liter  (without  reference  to  their  possible  incomplete  ionization,  hydrolvsis,  formation  of  complexes,  etc.)  and 
at  25°  C.  (7). 
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ble  II.  Formal  Electrode  Potentials  of  Various  Systems  in  Sulfuric 
and  Hydrochloric  Acid  Solutions'2 


Sulfuric  Acid  Concentrations  (Moles  per 

Potential 

Liter) 

Determined 

i 

2  4  6 

8 

E.M.F.,  Volts 

Fe  +  +  +  -< - *  Fe  +  + 

0.68 

0.68  0.68  0.68 

0.68 

Cr207  ->-2Cr  +  +  + 

1.11  1.15  1.30 

1.35 

Ce(SOd3--  —*■  Ce  +  +  + 

1.44 

1.43  1.42 

1.40 

Hydrochloric  Acid  Concentra- 

tions  (Moles  per  Liter) 

1 

2  3  4 

E.M.F.,  Volts 

IFe  +  +  +  ■* - »Fe  +  + 

0.69 

0.68  0.67  0.66 

iCr20j-~  — *■  2Cr  +  +  + 

1.09 

1.11  1.19  1.15 

|°  Determinations  of  present  studjr  are  taken  from  Smith  and  Getz  ( 6 ). 


ble  III.  Formal  Oxidation  Potential  of  Ferroin  and  Substituted 
Ferroin  Indicators  at  Various  Strengths  of  Sulfuric  Acid 

Sulfuric  Acid  Strength 


0.5  M 

1  M 

2  M 

3  M 

4  M 

6  M 

8  M 

Indicator 

Oxidation  Potential,  Volts 

fitro-ferroin 

1.26 

1.25 

1.22 

1.12 

1.12 

1.11 

fitromethyl-ferroin 

1.23 

romo-ferroin 

hloro-ferroin 

1.13 

T.TT 

1.10 

1.04 

0.97 

erroin 

1.06 

1.03 

1.00 

0.96 

0.89 

0.76 

Iethyl-ferroin 
,2  '-Dipyridyl-ferroin 

1.02 

1.00 

0.96 

0.93 

0.86 

0.70 

0.97 

0.92 

color  change  from  red  in  reduced  solutions  to  faint  blue  in  oxidized 
solutions  requires  approximately  90%  oxidation  of  the  indicator 
ion  before  the  red  hue  is  eliminated.  The  oxidation  potential  is 
thus  effectively  approximately  60  millivolts  higher  than  the  values 
give  in  Table  III.  The  values  given  in  Table  III  are  claimed  to  be 
valid  to  within  ±20  millivolts  and  in  most  cases  better. 

SUMMARy 

Formal  oxidation  potentials  of  the  ferric-ferrous  and  the 
dichromate-chromic  systems  have  been  determined  in  1  to  8  M 
sulfuric  and  hydrochloric  acid  solutions.  The  use  of  such  data  in 
the  selection  of  the  proper  indicator  systems  for  determination  of 
reaction  and  points  is  suggested. 

A  general  procedure  for  use  in  determination  of  the  formal  elec¬ 
trode  potentials  of  reversible  oxidation-reduction  indicators  of  the 
ferroin  and  substituted  ferroin  group  is  described. 

The  oxidation  potential  of  the  phenanthrolinium  ion  and  nitro, 
bromo,  chloro,  methyl,  and  nitromethyl  phenanthrolinium  ions  is 
given  in  various  sulfuric  acid  strengths  from  1  to  8  M. 

For  the  system  of  indicators  studied  the  range  of  oxidation 
potentials  found  varies  from  0.7  to  1.26  volts,  with  all  gradations 
between  represented. 


th  ferric  phenanthrolinium  ions  of  highest  electrode  potential, 
be  systems  showed  no  appreciable  change  in  potential  during 
'e  time  required  for  reading  the  potential  of  the  first  mixing. 

The  data  obtained  are  found  in  Table  III.  By  determination 
potentials  in  many  cases  by  both  procedures,  the  values  were 
own  to  be  reliable  within  0.02  volt.  The  values  obtained  by 
her  procedure  duplicated  those  of  Walden,  Hammett,  and  their 
-workers  as  corrected  by  Hume  and  Kolthoff  ( 2 ).  As  previ- 
sly  assumed  (2),  the  oxidation  potential  of  the  bipyridylinium 
•rous  complex  ion  is  not  so  high  as  that  of  ferroin. 

In  using  the  data  of  Tables  II  and  III  as  a  guide  to  titrations 
lploying  visual  equivalence  point  determinations  rather  than 
tentiometric  observations,  it  must  be  kept  in  mind  that  the 
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Use  of  Synthetic  Detergents  in  the  Van  Slyke 
Determination  of  Oxygen  Capacity 

CARL  S.  VESTLING  AND  MARTIN  A.  SWERDLOW,  University  of  Illinois,  Urbana,  III. 


ODIFICATIONS  of  the  original  Van  Slyke  procedure 
(5,  7)  for  the  determination  of  blood  oxygen  capacity 
ve  been  concerned  chiefly  with  mechanical  and  manipulative 
provements  ( 1 ,  2,  3,  6,  8,  9).  It  occurred  to  the  authors  to 
;t  several  synthetic  detergents,  of  different  types,  as  possible 
bstitutes  for  the  saponin  prescribed  by  Van  Slyke  as  the  hemo- 
ic  agent. 

The  results  below  indicate  that  several  common  detergents  may 
aveniently  be  used  in  place  of  the  less  readily  available,  more 
Tensive,  and  mildly  irritating  saponin.  Sendroy’s  procedure 
1  has  been  used  in  these  determinations  on  rabbit  and  horse 
>od.  It  is  reasonable  to  assume  that  the  modified  method  can 
extended  to  the  blood  of  other  species. 

\  saturated  solution  of  each  of  the  detergents,  with  the  ex- 
Ttion  of  the  RO-C,  was  prepared  in  a  freshly  made  potassium 
ricyanide  solution  containing  23  grams  per  100  cc.  The 
urated  solutions  were  prepared  by  adding  one  volume  of 
tassium  ferricyanide  of  twice  the  desired  concentration  to  an 
ial  volume  of  detergent  solution  containing  16  grams  per  100 
and  filtering.  The  source  of  each  of  the  detergents  used  can 
ascertained  by  reference  to  the  1943  list  (4).  In  the  case  of 
1;  RO-C  (a  cationic  detergent  of  the  alkyldimethylbenzyl 


Table  I.  Oxygen  Capacity  Determinations  on  Fresh  Oxalated 
Rabbit  Blood  Diluted  with  1%  NaCI  Solution 

Detergent  Type  Volume  %  O2 

Saponin  Natural  polycyclic  glucoside,  Merck  11.99 

DuponolWA  Long-chain  alcohol  sulfate  12.06 

Aerosol  O.T.  Sodium  dioctyl  sulfosuccinate  11.72 


ammonium  chloride  type,  Winthrop  Chemical  Company), 
8  grams  per  100  cc.  were  used,  an  amount  equal  to  that  of  the 
saponin  prescribed  by  Van  Slyke.  The  RO-C  reacted  slowly  with 
potassium  ferricyanide  and  is  not  considered  suitable  for  use  with 
it  as  the  oxidizing  agent. 

The  results  in  Table  I  suggest  that  Duponol  WA  may  be  readily 
employed  in  place  of  saponin,  but  that  the  use  of  Aerosol  O.T. 
yields  slightly  low  values.  A  favorable  check  in  this  analysis 
is  ±0.2  volume  %  ( 8 ).  All  determinations,  including  blanks, 
were  carried  out  in  duplicate. 

Table  II  indicates  that  each  of  the  three  detergents  tested  will 
give  satisfactory  results  on  fresh  oxalated  rabbit  blood  diluted 
with  1%  sodium  chloride.  The  use  of  Nacconol  FSNO,  an  alkyl 
aryl  sulfonate  type,  led  to  similar  values.  A  freshly  prepared 
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Table  II.  Oxygen  Capacity  Determinations 


Detergent  Type  Volume  %  O2 

Saponin  Merck  product  10.40 

Duponol  W-20  Long-chain  alcohol  sulfate  10.39 

Aerosol  O.S.  Isopropyl  naphthalene  sodium  sulfate  10.49 

Arctic  Syntex  M.  Sulfate  of  glycerol  monola urate  10.52 


and  used  RO-C— potassium  ferricyanide  combination  led  to 
slightly  low  results. 

Additional  experiments  also  indicated  that  either  potassium 
dichromate  or  iodine  in  10%  potassium  iodide  may  be  substituted 
in  equimolecular  amounts  for  potassium  ferricyanide  and  used 
with  saponin.  This  aspect  of  the  problem  was  not  pursued  fur¬ 
ther. 

Accordingly,  in  view  of  the  experiments  described  in  this  re¬ 
port,  it  is  suggested  that  synthetic  detergents  of  the  long-chain 


alcohol  sulfate  type,  the  alkyl  aryl  sulfonate  type,  or  the  mono¬ 
glyceride  sulfate  type  be  used  as  hemolytic  agents  in  the  deter¬ 
mination  of  blood  oxygen  capacity  with  potassium  ferricyanide 
as  the  oxidizing  agent.  It  is,  of  course,-  possible  that  other 
readily  available  detergents  may  be  equally  effective. 
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Quantitative  Method  for  Determination  of  Maltose  in  the 

Presence  of  Glucose 

H.  H.  BROWNE,  Bureau  of  Dairy  Industry,  United  States  Department  of  Agriculture,  Washington,  D.  C. 


AN  ACCURATE  and  rapid  method  is  needed  for  analysis  of 
/  \  mixtures  of  sugars,  and  especially  for  mixtures  of  maltose 
and  glucose,  but  this  method  cannot  be  applied  as  outlined  below 
to  mixtures  of  these  two  sugars  and  other  carbohydrates,  such  as 
“malt  sirup”  and  “corn  sirup”. 

Two  methods  cited  by  Browne  and  Zerban  ( 1 )  are  representa¬ 
tive  of  the  usual  procedures  that  have  been  advocated:  that  of 
Morris,  which  combines  copper  reduction,  polarization,  and 
selective  fermentation,  and  the  shorter  one  of  Steinhoff,  which 
makes  use  of  two  copper  solutions — i.e.,  a  Soxhlet  and  a  modi¬ 
fied  Barfoed.  A  more  recent  method  is  that  of  Schultz,  Fisher, 
Atkin,  and  Frey  (3),  which  is  based  on  three  fermentations,  in 
which  the  evolved  gas  volumes  represent  the  sugars  acted  upon, 
and  the  maltose  and  ‘  ‘/3-amylase  attackable  substances”  are  com¬ 
puted  by  difference.  This  method  is  similar  to  that  developed 
by  the  author  at  about  the  same  time  (2)  for  the  '  ‘maltose  frac¬ 
tion’  ’  in  flour.  Aside  from  the  question  of  accuracy,  these  methods 
are  involved  and  cumbersome. 

Tomoda  and  Taguchi  (4)  have  reported  a  polarimetric  proce¬ 
dure  for  analysis  of  mixtures  of  glucose  and  maltose  and  of  glu¬ 
cose  and  fructose  similar  to  the  one  described  herein  but  differing 
in  detail.  Their  method  has  been  condemned,  apparently  on  the 
basis  of  misquotation  of  their  statements  regarding  the  accuracy 
of  their  maltose  determinations.  However,  they  claim  that  in 
four  determinations  of  maltose  in  a  maltose-glucose  mixture  the 
error  was  —1.10%  in  one  and  0.0%  in  the  other  three. 

The  difference  in  the  ability  of  various  sugars  to  combine  with 
bisulfites  was  noted  by  the  author  in  the  course  of  work  on  fer¬ 
mentations  wherein  bisulfites  were  present  and  this  difference  was 
made  use  of  in  the  analyses  of  sugar  mixtures  for  maltose.  Al¬ 
though  in  the  work  of  Tomoda  and  Taguchi  the  same  principle 
was  employed,  it  is  believed  desirable,  because  of  the  simplicity 
and  accuracy  obtainable,  to  describe  a  somewhat  different  method 
of  application  of  this  principle. 

This  polarimetric  method  is  based  on  the  fact  that  the  optical 
rotation  of  glucose  may  be  reduced  to  zero  by  addition  of  a  suffi¬ 
cient  quantity  of  soluble  bisulfite,  but  the  rotation  of  maltose 
and  dextrins  is  affected  only  very  slightly.  Incidentally,  the 
rotation  of  lactose  and  other  reducing  sugars  is  also  lowered  by 
the  presence  of  bisulfites  and  the  rotation  of  the  sugar  alcohols  is 
unaffected.  The  speed  and  accuracy  of  this  method  are  com¬ 
parable  with  those  of  polarimetric  determinations  in  general,  but 
the  sensitiveness  is  somewhat  less. 

The  method  of  evaluation  is  based  on  Biot’s  additive  rule  of 
optical  rotations — namely,  [a\x  =  -Y[a:]i  +  (1  —  2) [a] 2  when 


[a]x  is  the  specific  rotation  of  the  mixture,  [a]i  and  [a] 2  are  th< 
specific  rotations  of  the  individual  components,  and  x  is  tht 
fraction  of  one  of  them.  Browne  and  Zerban  ( 1 )  point  out  tha 
the  specific  rotations  used  must  take  into  account  the  solven 
concentration.  Since  the  concentration  of  the  total  sugars  i 
constant,  that  of  the  water  is  approximately  so,  and  an  empirica 
relationship  is  adequate  for  this  method,  using  observed  value; 
rather  than  specific  rotations. 


Table  I.  Optical  Rotation  of  Maltose  (Hydrate)-Dextrose  (Anhy 
drous)  Mixtures  and  Corresponding  Percentages  of  Maltose 

(In  30%  bisulfite  solution  at  20°  C.  in  200-mm.  tube) 

Maltose,  %  0  20  40  50  60  80  100 

Dextrose,  %  100  80  60  50  40  20  0 

0  S.2  0  11.3  22.9  28.8  34.3  46.0  57.8 

Maltose  (calcd.),  %  0  19.72  39.96  50.26  59.85  80.27  100.8 

a  0  S.,  degrees  on  International  Sugar  Scale. 


METHOD 

The  first  requirement  in  the  use  of  this  method  is  a  set  c 
standard  values  for  the  optical  rotation  of  maltose  and  glucos 
and  mixtures  of  known  proportions  of  these  sugars  in  the  presenc 
of  sodium  bisulfite. 

Because  of  the  difficulty  of  dissolving  relatively  large  quantitie 
of  bisulfite  in  sugar  solutions  of  10%  or  greater  concentration,  th 
writer  prefers  the  following  procedure  in  their  preparation : 

A  series  of  seven  solutions  is  prepared,  each  solution  containin 
10  grams  of  total  sugar  and  not  less  than  75  ml.  of  water.  Th 
proportion  of  glucose  to  maltose  should  be  10  grams  to  0,  8  to  5 
6  to  4,  5  to  5,  4  to  6,  2  to  8,  and  0  to  10.  To  each  of  seven  suga 
flasks  graduated  to  110  ml.  are  added  30  grams  of  sodium  meta 
bisulfite  or  its  equivalent  of  sodium  bisulfite,  and  one  of  the  suga 
solutions  is  transferred  to  each.  The  flasks  are  shaken  to  dissolv 
the  metabisulfite,  cooled  to  20°  C.,  the  contents  made  up  to 
volume  of  110  ml.  with  distilled  water,  mixed,  and  polarized  a 
20°  C.  The  length  of  the  polariscope  tube  need  not  be  specific 
but  should  be  the  same  for  all  determinations. 

The  observed  rotations  are  then  plotted  against  the  percental 
of  maltose  and  will  lie  on  practically  a  straight  line  defined  b 
these  points.  The  percentage  of  maltose  present  may  be  d< 
termined  by  referring  the  readings  to  the  graph  or  by  multiplyin 
(°  S.)  by  the  tangent  of  the  line,  which  in  the  present  work  w: 
1.745. 
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In  Table  I  are  given  the  optical  rotations  of  solutions  of  maltose 
drate,  d-glucose  (anhydrous)  and  sodium  metabisulfite  by 
larization  in  a  200-mm.  tube  at  20°,  and  the  corresponding 
mputed  percentages  of  maltose. 

The  accuracy  of  the  method  is  indicated  by  the  values  obtained, 
le  maximum  deviation  from  the  actual  values  in  terms  of  per 
at  maltose  was  0.28  and  the  minimum  0.04,  with  an  average 
viation  of  0.20%  for  the  five  mixtures. 

To  determine  the  amount  of  maltose  in  a  mixture  of  glucose  and 
ililtose,  determine  first  the  amount  of  total  sugars  by  some  ae- 
jpted  method.  To  each  sugar  flask  used  add  10  grams  of  the  un¬ 
iown  mixture  or  the  amount  of  its  solution  which  contains  10 
[jams  of  total  sugars.  Dilute  to  approximately  75  ml.  and  pro¬ 


ceed  as  described  for  the  solutions  of  known  sugar  content.  From 
the  observed  rotation  the  percentage  of  the  total  amount  of 
sugar  present  as  maltose  can  be  calculated  as  described  or  may  be 
determined  with  the  use  of  the  graph  prepared  from  the  data 
obtained  upon  the  “known”  solutions. 
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Estimation  of  Pyridine  Content  of  Pyridine-Acetic  Acid 
Mixture  Used  in  Riboflavin  Determination 


J.  H.  LANNING  and  C.  A.  ROSZMANN 
Continental  Baking  Co.,  Main  Laboratory,  Jamaica,  N.  Y. 


I  A  PART  of  their  procedure  for  the  determination  of  ribo¬ 
flavin,  Conner  and  Straub  ( 1 )  used  a  pyridine-acetic  acid 
xture  to  elute  the  riboflavin  from  the  Florisil  adsorbent.  After 
;atment  with  oxidizing  agents,  the  fluorescence  of  the  ribo- 
vin  in  the  eluate  was  determined.  When  a  number  of  ribo- 
vin  determinations  are  made  by  their  procedure,  a  considerable 
antity  of  the  used  pyridine-acetic  acid  mixture  is  collected. 
t  distillation,  the  pyridine  together  with  water  and  acetic  acid 
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Table  I.  Apparent  Recovery  of  Pyridine  from  Mixtures 

20.0  N  Sodium  Hydroxide  15.3  N  Sodium  Hydroxide 


Acetic  acid, 

Acetic  acid, 

Pyridine  in 

Water  and 

water,  and  Water  and 

water,  and 

Original 

pyridine 

pyridine 

pyridine 

pyridine 

Solution 

mixture 

mixture 

mixture 

mixture 

Per  Cent  by  Volume 

16.  1 

19.0 

19.0 

19.0 

19.0 

18.1 

21.5 

21.3 

21.5 

21.5 

20.1 

23.8 

23.8 

24.5 

24.5 

22. 1 

26.5 

26.5 

27.0 

26.5 

24.1 

29.0 

29.3 

29.5 

29.5 

may  readily  be  recovered  as  a  mixture,  but  unless  some  simple 
method  is  available  for  determining  the  concentration  of  these 
components,  the  mixture  is  worthless.  The  acetic  acid  may 
readily  be  determined  by  titration  with  0.1  JV  sodium  hydroxide, 
using  phenolphthalein  as  indicator,  and  its  concentration  calcu¬ 
lated  in  the  customary  manner,  but  a  convenient  standard 
method  is  not  available  for  determination  of  the  pyridine  concen¬ 
tration.  However,  after  some  experimenting  it  was  found  that 
pyridine  could  be  separated  from  the  mixture  by  means  of  a 
strong  solution  of  caustic  soda.  Using  this  principle,  a  method 
was  devised  for  determining  the  approximate  pyridine  concen¬ 
tration  of  such  a  mixture. 

Method.  After  distillation  of  the  pyridine-acetic  acid  mix¬ 
ture,  a  20-ml.  portion  of  the  distillate  is  poured  into  a  graduated 
25-ml.  glass-stoppered  cylinder.  To  this  there  are  added  5  ml.  of 
20.0  N  sodium  hydroxide.  After  shaking  vigorously,  the  cylin¬ 
der  is  set  aside  for  15  minutes,  during  which  time  the  liquid  sepa¬ 
rates  into  two  layers.  The  volume  of  the  top  layer  is  noted. 

When  this  method  was  used  it  was  found  that  the  pyridine  was 
not  recovered  in  a  pure  state.  Hence,  it  was  necessary  to  find 
the  relationship  between  amount  of  crude  pyridine  recovered — 
i.e.,  the  top  layer  of  liquid — and  the  amount  of  pyridine  that 
was  originally  present  in  the  mixture.  Furthermore,  the  amount 
of  crude  pyridine  recovered  might  be  influenced  either  by  the 
amount  of  acetic  acid  present  or  by  the  concentration  of  the 
sodium  hydroxide  used. 

In  order  to  determine  this  relationship  and  the  effect  of  sodium 
hydroxide  and  acetic  acid  concentration,  a  quantity  of  reagent 
grade  pyridine  of  such  purity  that  it  distilled  between  114°  and 
116°  C.  was  selected  and  two  series  of  mixtures  were  prepared. 
The  first  series  consisted  of  several  mixtures  of  water  and  pyri- 


Figure  1  . 
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dine,  each  of  which  differed  from  the  other,  in  its  pyridine  con¬ 
centration.  The  second  series  consisted  of  mixtures  of  water, 
pyridine,  and  acetic  acid.  In  this  series  the  acid  concentration 
of  each  mixture  was  0.3  N  but  the  mixtures  differed  from  each 
other  in  pyridine  concentration.  The  pyridine  concentration 
of  each  mixture  was  then  determined  hy  the  above  method. 
The  mixtures  were  again  analyzed  in  the  same  manner,  except 
that  15.3  N  instead  of  20.0  N  sodium  hydroxide  was  used.  The 
results  obtained  are  shown  in  Table  I  and  Figure  1. 

DISCUSSION 

The  results  in  Table  I  clearly  show  that  when  the  mixtures 
were  0.3  N  with  acetic  acid,  the  amount  of  crude  pyridine  ob¬ 
tained  was  for  all  practical  purposes  the  same  as  when  no  acid 
was  present  in  the  mixtures.  Hence,  it  may  be  assumed  that 
acetic  acid  in  concentrations  of  0.3  N  or  less  will  not  affect  the 
amount  of  crude  pyridine  recovered.  When  the  concentration 
of  the  sodium  hydroxide  solution  was  15.3  N  instead  of  20.0  N,  a 
measurable  difference  was  obtained  in  the  amount  of  crude  pyri¬ 


dine  recovered.  Hence,  the  strength  of  this  solution  should  b 
maintained  at  approximately  20  N  as  specified  in  the  method 
When  this  concentration  is  used,  the  volume  figure  for  the  toj 
layer  of  liquid  may  be  directly  converted  to  per  cent  pyridine  b; 
means  of  the  approximate  curve  in  Figure  1. 

SUMMARY 

To  determine  the  concentration  of  pyridine  in  distillates  con 
sisting  of  pyridine,  water,  and  acetic  acid,  the  pyridine,  in  an  im 
pure  state,  is  separated  by  treating  the  distillate  with  strong  so 
dium  hydroxide.  The  relationship  between  this  crude  pyridin 
and  the  percentage  of  pure  pyridine  present  in  the  distillate  i 
then  determined  by  means  of  a  curve. 
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A  Precision  Head  for  Small  Fractionating  Columns 


R.  S.  TOWNE1,  University  of  Notre  Dame,  Notre  Dame,  Ind. 


THE  most  satisfactory  head  design  for  laboratory  columns 
of  all  kinds  is  the  total  condensation  partial  take-off  type 
originally  reported  by  Loveless  ( 1 )  and  modified  by  Whitmore 
and  Lux  ( 5 )  and  others.  This  design  is  not  subject  to  the  me¬ 
chanical  difficulties  inherent  in  heads  of  the  partial  condensation 
total  take-off  variety  ( 3 ,  5)  and  permits  accurate  regulation  of 
1  Present  address,  General  Aniline  &  Film  Corp.,  Easton,  Pa. 


the  distillation  rate.  It  is  particularly  adaptable  for  use  o 
fractionating  columns  which  utilize  small  samples,  since  th 
holdup  is  negligible  if  the  head  is  properly  constructed. 

When  such  columns  are  operated  under  reduced  pressure,  ther 
is  a  tendency  for  the  distillate  to  dissolve  the  lubricant  in  th 
conventional  stopcock,  allowing  air  to  leak  in  around  the  barn 
and  rise  through  the  tiny  pool  of  reflux  liquid  above  the  take-oi 
tube.  This  situation  prevents  accurate  adjustment  of  the  di- 
filiation  rate  and  at  very  low  operating  pressures  (10  to  25  mm. 
may  cause  air-locks  which  entirely  prevent  the  removal  of  th 
distillate. 

The  head  design  shown  in  Figure  1  has  been  used  by  the  autho 
in  these  laboratories  for  several  years.  It  was  developed  fc 

fractionating  columns  use1 


l/8"  Stainless  steel  rod 


Soldered  joint 
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Stainless  steel  block  5/l6"  in 
"diameter,  drilled  and  tapped  for 
8-32  thread 


8-32  Thread  on  spindle” 


12-mm.Pyrex 

tubing 


Valve  spindle  ground  into  seat 
with  fine  emery  dust 


5-mm.Pyrei  tubing  with  1-msi, 
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5-mm.Pyrex  tubing 


Figure  2.  Needle  Valve  Detail 


in  the  purification  of  sma 
samples  of  high-boiling  h\ 
drocarbons.  The  holdup  i 
very  small  and  no  air-loci 
are  formed  even  at  operal 
ing  pressures  of  10  mm. 

The  needle  valve  (Fij 
ure  2)  provides  extreme! 
accurate  regulation  of  takt 
off  rates  of  from  0.01  t 
1.0  cc.  per  minute.  Mor< 
over,  these  rates  are  cor 
stant  for  long  periods  ( 
time  over  a  wide  range  c 
operating  pressures.  Th 
small  capillary  in  the  valv 
seat  acts  as  a  siphon  to  prc 
mote  a  constant  rate  of  rt 
moval  of  the  distillate  (2). 

The  valve  bearing  is  mad 
of  18-8  stainless  steel  m; 
chined  to  0.8  cm.  (B/i6  inch 
in  diameter  with  a  1.25-cn 
(0.5-inch)  shoulder  whic 
rests  on  the  short  Pyre 
tube.  The  upper  face  ( 
this  block  is  soldered  t 
the  bottom  of  a  standar 
0.3-cm.  (0.125-inch)  con 
pression  joint  from  whic 
the  lower  threads  have  bee 
removed.  The  finishe 
bearing  is  drilled  and  tappe 
to  receive  the  8-32  threa 
on  the  valve  spindle. 
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The  needle-valve  spindle  is  of  0.3-cm.  (0.125-inch)  stainless 
jteel  rod  threaded  to  fit  the  valve  bearing;.  A  small  knurled 
/heel  is  threaded  to  the  top  of  the  spindle.  A  fine  point  is 
jround  on  the  end  of  the  valve  spindle  with  a  Carborundum 
/heel  and  the  valve  seat  produced  by  grinding  this  point  into  the 
apillary  tubing  with  a  fine  grade  of  emery  dust. 

Strands  of  absorbent  cotton  impregnated  with  a  stiff  grease 
re  stuffed  around  the  spindle  in  the  depression  of  the  bearing  and 
ompressed  to  an  air-tight  seal  by  the  hexagonal  nut.  A  small 
liece  is  cut  from  0.3-cm.  (0.125-inch)  Neoprene  tubing  and 
lipped  over  the  end  of  the  valve  bearing,  so  that  the  assembled 
nit  fits  tightly  to  the  inside  of  the  Pyrex  tube.  When  properly 
backed  and  assembled,  such  a  bearing  will  easily  retain  vacuums 
f  3  to  5  mm. 

An  efficient  column  for  use  with  this  head  consists  of  a  Pyrex 
ube,  8  mm.  in  inside  diameter,  providing  30  cm.  of  packed  sec- 
ion.  This  inner  tube  is  surrounded  by  a  35-mm.  tube  wound 
/ith  Nichrome  wire  over  asbestos  spacer  cords.  The  inner 


tube  and  heating  jacket  is  covered  by  a  piece  of  45-mm.  Pyrex 
tubing  which  acts  as  as  an  insulator.  The  inner  tube  was  packed 
with  Wilson  helices  ( 6 )  0.24  cm.  (3/32  inch)  in  diameter.  The 
column  was  operated  at  reduced  pressures  in  conjunction  with 
the  fraction  receiver  described  by  Towne,  Eby,  and  Young  (4). 
This  column  proved  to  be  very  efficient  in  the  purification  of 
small  samples  (10  to  25  cc.).  It  had  14.5  theoretical  plates  at 
total  reflux  and  an  H.E.T.P.  of  2.06  cm. 

LITERATURE  CITED 

(1)  Loveless,  Ind.  Eng.  Chem.,  18,  826  (1926). 

(2)  Newman,  Ind.  Eng.  Chem.,  Anal.  Ed.,  14,  902  (1912). 

(3)  Peter  and  Baker,  Ind.  Eng.  Chem.,  18,  69  (1926). 

(4)  Towne,  Eby,  and  Young,  Ind.  Eng.  Chem.,  Anal.  Ed.,  13,  626 

(1941). 

(5)  Whitmore  and  Lux,  J.  Am.  Chem.  Soc.,  54,  3448  (1932). 

(6)  Wilson,  Parker,  and  Laughlin,  Ibid,.,  55,  2795  (1933). 


A  Circulating  Device  for  Use  with  a  Hydrogen  Electrode 

JAMES  CURRY1  AND  Z.  Z.  HUGUS,  Jr.,  Williams  College,  Williamstown,  Mass. 


rHE  device  described  here  has  been  found  useful  in  connection 
with  a  hydrogen  electrode  in  two  circumstances:  first,  when 
he  solution,  whose  hydrogen-ion  concentration  is  being  meas¬ 
ured,  contains  a  very  soluble  gas  which  would  be  carried  away  if 
(he  hydrogen  were  allowed  merely  to  bubble  through  it.  A 
iresaturator  may  be  used,  but  under  certain  conditions  this  is 
ather  impractical .  The  second  situation  is  when  a  deuterium  elec- 
rode  is  desired.  With  the  device  described  here  macroquantities 
f  the  gas  may  be  used,  but  an  excessive  amount  is  not  required, 
'hese  two  conditions  were  present  in  measurements  made  by  the 
uthors  on  the  second  ionization  constant  of  deutero-carbonic 
cid.  The  results  of  these  measurements  have  been  reported 
lsewhere  ( 1 )  but  the  circulating  devices  has  not  been  adequately 
escribed. 

The  construction  of  most  of  the  apparatus  is  self-evident  from 
tie  diagram.  V  is  a  Bunsen  valve  made  from  a  medicine  dropper 

1  Present  address,  16  Brown  St.,  Cambridge,  Mass. 


bulb.  The  proper  size  of  slit  can  be  found  with  a  few  trials  and  it 
may  be  inserted  through  the  end  of  the  wide  tubing  when  the  rub¬ 
ber  stopper  is  removed.  The  mercury  in  the  side  arm  is  raised 
and  lowered  about  10  cm.  by  means  of  a  motor  and  eccentric, 
raising  and  lowering  a  leveling  bulb  at  a  rate  of  about  15  times  per 
minute.  When  the  mercury  rises  the  pressure  in  the  adjacent 
part  of  the  apparatus  increases.  Hence,  the  hydrogen  bubbles 
through  the  solution  around  the  platinum  electrode  until  the  pres¬ 
sure  in  the  entire  apparatus  becomes  uniform.  When  the  mer¬ 
cury  is  lowered  the  hydrogen  escapes  through  the  Bunsen  value. 
Thus  the  hydrogen  tends  to  circulate  through  the  apparatus. 
During  this  period  the  stopcock  of  the  cell,  <S2,  should  be  kept 
closed.  When  an  e.m.f.  measurement  is  made  the  circulation 
may  be  stopped  and  the  stopcock  of  the  cell  opened  if  desired. 

The  apparatus  is  filled  and  flushed  out  by  proper  manipulation 
of  clamps  Ci,  Ci,  C%,  stopcocks  and  N2,  and  the  mercury  col¬ 
umn,  hydrogen  being  admitted  through  tubes  A  and  B.  Admit¬ 
tance  of  dry  hydrogen  would  alter  the  concentration  of  the  solu¬ 
tion  slightly.  This  is  ordinarily  a  very  small  error  but  may  be 
avoided  to  a  large  extent  by  allowing  the  hydrogen  to  bubble 
through  water,  or  better  yet,  through  a  sample  of  the  solution 
before  it  is  admitted  to  the  apparatus  through  A  and  B.  As  a 
precautionary  measure  all  rubber  connections  should  be  kept 
coated  with  collodion.  In  the  authors’  apparatus  the  volume, 
including  the  space  in  the  cell  above  the  solution,  was  35  cc.  For 
one  determination  about  100  cc.  of  hydrogen  (deuterium)  were 
used,  the  excess  gas  being  used  for  flushing.  It  is  usually  most 
convenient  to  fill  the  device  with  hydrogen,  so  that  when  the 
mercury  column  is  at  its  mean  position  the  total  pressure  in  the 
system  is  equal  to  that  of  the  atmosphere.  The  corrections  to 
apply  in  order  to  obtain  the  partial  pressure  of  the  hydrogen  are 
obvious.  In  the  authors’  measurements,  at  equilibrium,  the 
fluctuations  in  e.m.f.  due  to  change  in  hydrogen  pressure  were 
less  than  0.1  millivolt. 

In  order  to  avoid  condensation  it  is  necessary  to  keep  the  gas- 
phase  portion  of  the  apparatus  at  a  temperature  somewhat  higher 
than  that  of  the  solution.  This  was  accomplished  by  fastening 
the  circulating  device  to  a  wooden  block  and  suspending  it  in  a 
small  box  in  such  a  manner  that  the  bottom  of  the  box  was  slightly 
above  the  surface  of  the  water  in  the  thermostat  in  which  the  cell 
was  immersed.  When  the  thermostat  was  adjusted  to  25°  C. 
a  current  of  air  warmed  to  30°  C.  was  passed  up  through  the  bot¬ 
tom  of  the  box  through  several  holes.  The  hydrogen  which  cir¬ 
culates  through  the  solution  is  also  warmed  to  about  30°  C.  and 
this  introduces  a  slight  but  unavoidable  error. 

This  circulating  device  is  obviously  not  limited  to  the  particular 
type  of  cell  depicted  here.  Harned  and  Scholes  (2)  have  de¬ 
scribed  in  an  extremely  brief  manner  what  is  evidently  an  elabo¬ 
rate  device  for  the  circulation  of  hydrogen.  Apparently  their 
device  is  somewhat  similar  to  the  one  described  here. 
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Apparatus  For  Measuring  Rate  of  Gas  Penetration 
through  Food-Packaging  Materials 

F.  R.  SMITH  and  MAX  KLEIBER 
College  of  Agriculture,  University  of  California,  Davis,  Calif. 


An  apparatus  is  described  for  measuring  the  rate  of  gas  penetration 
through  flexible  materials.  The  apparatus  is  particularly  suitable  for 
determining  the  rate  of  oxygen  penetration  into  pouches  used  for 
food  packaging.  The  absolute  accuracy  of  the  measurements  is 
determined  mainly  by  the  accuracy  of  gas  analysis.  The  relative 
accuracy  can  be  changed  by  varying  the  time  of  penetration  and 
thus  the  difference  between  start  and  end  concentration  of  oxygen  in 
the  gas  inside  the  pouch. 

A  MAJOR  factor  in  the  spoilage  of  many  dehydrated  food 
products  is  the  partial  pressure  of  oxygen  in  the  gas  sur¬ 
rounding  the  food,  particularly  when  the  product  contains  fat. 
According  to  Holm,  Schaffer,  and  Haller  (5)  butter  oil  contain¬ 
ing  a  concentration  of  oxygen  less  than  0.5%  by  volume  “will 
remain  in  good  condition  for  a  long  storage  period  even  under 
what  would  generally  be  considered  severe  conditions  of  stor¬ 
age”.  Some  manufacturers,  therefore,  remove  oxygen  by  evacua¬ 
tion  ;  others  replace  air  with  an  inert  gas.  Before  the  war,  metal 
containers  were  used  to  package  the  product  and  ensure  a  low 
oxygen  content  over  a  long  period.  Because  of  the  scarcity  of 
metals  these  containers  have  been  replaced  by  pouches  con¬ 
structed  of  cellophane  or  similar  materials.  No  satisfactory 
method  has  so  far  been  made  available  to  determine  how  well 
such  packages  maintain  the  desired  low  partial  oxygen  pressure. 

The  rate  of  change  of  partial  oxygen  pressure  in  the  gas  inside  a 
package  is  among  the  most  important  criteria  for  grading  a  con¬ 
tainer. 

Elder  (2),  Shuman  ( 8 ),  and  Todd  (3)  recently  described  manom¬ 
eters  for  measuring  gas  permeability  of  film  materials  without 
regard  to  changes  in  partial  pressure.  Shuman  gives  examples  of 
measuring  “air  transmission”.  Air  transmission  thus  deter¬ 
mined,  however,  is  no  suitable  criterion  for  judging  packaging 
materials.  An  undesirable  material  with  a  high  permeability 
for  oxygen  and  a  low  permeability  for  nitrogen  may  show  a  lower 
rate  of  air  transmission  than  a  desirable  material  with  low  oxygen 
and  high  nitrogen  permeability.  The  manometers  might,  of 
course,  be  used  to  measure  separately  the  permeabilities  of  pure 
gases  and  thence  to  draw  conclusions  as  to  the  probable  transmis¬ 
sion  of  these  gases  from  mixtures  such  as  air. 

For  testing  packing  materials  and  particularly  pouches,  how¬ 
ever,  the  authors  preferred  to  work  out  a  method  which  deter¬ 
mines  the  major  criterion — namely,  changes  in  partial  oxygen 
pressure — directly,  and  is  applicable  especially  in  cases  where  no 
significant  differences  in  total  pressure  are  involved. 

The  rate  of  penetration  by  diffusion  (dependent  on  differences 
of  partial  pressure  only)  can  be  determined  by  gas  analysis  or 
other  means  designed  to  measure  oxygen  concentration.  Such 
studies  have  been  made  by  several  investigators.  Krogh  (7) 
designed  a  metal  diffusion  chamber  to  measure  the  diffusion  rate 
of  oxygen  through  animal  membranes,  from  a  gas  to  a  liquid  or 
from  a  liquid  to  a  liquid.  His  equipment  did  not  lend  itself  to  the 
proposed  studies.  Harvey  and  Morrison  (S)  used  cultures  of 
luminous  bacteria  to  determine  oxygen  concentration.  Ac¬ 
cording  to  them,  the  oxygen  concentration  just  allowing  per¬ 
ceptible  luminescence  is  about  1  part  by  weight  of  oxygen  dis¬ 
solved  in  3.7  X  106  cc.  of  sea  water.  To  obtain  relative  data  on 
the  rate  at  which  oxygen  penetrates  various  materials,  Hill  (4) 
used  the  luminous  bacteria  as  an  indicator.  Alexejev  and  Matal- 
skil  (1 )  determined  the  diffusion  rate  of  gaseous  mixtures  through 


rubber  membranes;  but  the  present  writers  have  been  unable 
to  obtain  data  on  the  type  of  apparatus  or  the  method  of  analysis 
used. 

APPARATUS 

The  apparatus  was  designed  mainly  for  measuring  changes  in 
the  oxygen  concentration  of  a  gas  separated  from  air  by  various 
packaging  materials.  These  measurements  are  particularly 
valuable  when  mechanical  flaws  are  absent. 

Although  different  types  of  apparatus  have  been  tested  in  this 
laboratory,  only  the  one  found  satisfactory  is  described  here 
(Figure  1).  This  consists  of  a  glass  diffusion  chamber,  A,  having 
an  outside  diameter  of  6  cm.  and  a  length  of  about  18  cm.  Gas 
may  be  introduced  and  sampled  through  a  tube,  B,  the  end  of 
which  is  about  8  cm.  below  the  top  of  the  diffusion  chamber. 
B  connects  to  either  a  nitrogen  tank  or  a  gas-sampling  bulb, 
through  the  three-way  stopcock,  C,  and  rubber  tubing  D.  A  glass 
receptacle,  E,  containing  mercury  is  fastened  to  the  diffusion 
chamber  with  a  piece  of  bicycle  inner  tubing,  F.  The  orifice,  G, 
of  chamber  A  may  then  be  closed  with  a  glass  bell,  Q,  or  with  a 
sack  of  the  packaging  material  in  question.  It  has  been  desirable 
to  hold  the  glass  bell  or  packaging  material  in  the  mercury  with 
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Icotch  tape,  P,  fastened  over  the  top.  Tube  H  is  connected 
py  a  piece  of  rubber  (pressure)  tubing  with  a  three-way  stop- 
ock,  /.  One  opening  of  this  stopcock  is  connected  to  the  250-ml. 
lass  bulb,  J,  while  the  other  connects  with  a  glass  tube,  K.  Thus 
>y  manipulating  stopcocks  I  and  L,  connection  to  the  diffusion 
hamber  may  be  made  either  through  bulb  J  or  through  tube  K. 
Itopcock  L  connects  with  the  mercury-leveling  bulb  by  means  of 
ubber  tubing. 

In  operation,  the  mercury-leveling  bulb,  M,  and  stopcocks  I 
,nd  L  are  manipulated  so  that  K  is  completely  filled  with  mer- 
ury.  This  tube  remains  filled  during  measurements.  The  glass 
.ell  or  packaging  material  is  held  solidly  in  the  mercury  seal  by 
icotch  tape.  M  is  adjusted  so  that  the  mercury  stands  at  level  1. 
itopcock  N  is  opened,  and  stopcock  I  is  turned  to  connect  bulb  J 
,nd .chamber  A.  Stopcock  C  is  opened  into  tube  B,  and  gas  is 
flowed  to  flow  from  a  nitrogen  tank  through  A .  The  excess  gas 
scaping  through  N  is  allowed  to  bubble  through  water.  Thus  a 
onstant  positive  pressure  is  maintained  in  the  apparatus  dur- 
ag  replacement  of  the  gas. 

After  the  gas  has  flowed  for  a  few  seconds,  M  is  raised  so  that 
he  mercury  rises  from  level  1  just  to  the  top  of  J.  The  leveling 
>ulb  is  then  lowered,  and  the  mercury  allowed  to  fall  to  level  1. 
dean  while  the  nitrogen  must  be  kept  flowing  fast  enough  to  en¬ 
ure  constant  escape  of  gas  through  N  as  measured  by  constant 
pubbling  through  the  water  seal.  Two  manipulations  of  the 
^veling  bulb  usually  give  satisfactory  replacement  of  the  air. 
Stopcocks  C  and  N  are  then  closed  simultaneously,  and  the  tube 
,t  the  lower  end  of  C  is  connected  by  rubber  tubing  to  a  gas- 
ampling  bulb  containing  mercury.  C  is  now  opened  into  tube 
),  and  the  mercury  in  the  gas-sampling  bulb  is  forced  up  to  flow 
nto  0.  C  is  then  opened  into  B,  and  I  and  L  are  adjusted  to  open 
he  connection  between  M  and  A 1  through  J.  M  is  raised,  and 
imultaneously  the  mercury  in  the  sampling  bulb  is  lowered. 
,rhis  drives  the  gas  from  A  into  the  sampling  bulb. 

When  the  mercury  in  the  apparatus  reaches  level  2,  stopcocks 
and  C  are  closed,  and  the  sampling  bulb  is  removed  for  analysis 
l.f  the  sample.  M  is  then  lowered;  and  N  is  opened,  allowing 
11  the  mercury,  except  that  above  I,  to  flow  back  into  the  level- 
ng  bulb.  This  mercury  may  be  used  in  other  apparatus  during 
he  diffusion  study. 

At  the  expiration  of  the  time  allotted  for  diffusion,  a  second 
ample  is  taken.  (Diffusion  time  must  be  determined  according 
o  the  permeability  of  the  material  to  be  tested.  As  a  rule,  48 
tours  is  satisfactory.)  For  the  second  sample  the  gas-sampling 
>ulb  is  connected  and  manipulated  as  before.  M  is  raised  to  a 
mint  about  level  with  the  top  of  the  diffusion  chamber;  I  and  L 
re  adjusted  so  that  the  mercury  flows  into  the  diffusion  chamber 
hrough  K.  As  the  mercury  flows,  the  gas  sample  is  collected 
n  the  sampling  bulb.  When  the  mercury  reaches  level  3  the 
topcocks  may  be  shut  off  and  the  gas  sample  removed  for  analy- 
.is.  The  mercury  in  the  diffusion  chamber  is  returned  to  the 
eveling  bulb. 

The  gas  has  been  analyzed  with  a  modified  Haldane  apparatus 
lescribed  by  Kleiber  (6).  The  mean  standard  difference  between 
wo  results  on  the  same  sample  is  below  =*=0.01%. 

RESULTS 

The  rate  of  oxygen  penetration  can  be  calculated,  assuming  the 
imount  of  gas  in  the  diffusion  chamber  to  remain  constant  and 
:onsidering  the  effect  of  changes  in  total  pressure  (barometric 
luctuations)  negligible  in  comparison  with  the  effect  of  a  differ¬ 
ence  of  partial  oxygen  pressure  of  0.2  atmosphere.  The  change 
n  total  amount  of  gas  by  the  oxygen  entering  the  chamber  also 
s  negligible,  since  the  diffusion  time  is  chosen  so  that  the  in- 
erease  of  oxygen  concentration  in  the  diffusion  chamber  does  not 
ixceed  a  few  per  cent. 

Before  using  the  apparatus  for  diffusion  studies  it  was  neces¬ 
sary  to  prove  that  samples  of  gas  taken  from  the  chamber  would 
ae  comparable.  To  establish  this  point,  opening  G  was  closed 
.vith  a  glass  bell,  the  apparatus  was  filled  with  nitrogen,  and 
sample  1  was  removed.  As  soon  as  possible  (10  to  15  minutes), 
sample  2  was  taken.  The  methods  of  sampling  already  de¬ 
scribed  were  followed.  Typical  results  are  as  follows: 


Run  No. 

Oxygen 
Sample  1 

Concentration 
Sample  2 

Elapsed  Time 

% 

% 

Min. 

1 

0.210 

0.204 

10 

2 

0.357 

0.359 

15 

3 

0.229 

0.227 

15 

4 

0.190 

0.198 

15 

5 

0.204 

0.210 

10 

6 

0.189 

0.195 

10 

As  a  second  check  on  the  reliability  of  the  diffusion  equipment 
it  was  necessary  to  be  sure  there  were  no  leaks.  To  test  for 
leaks  the  glass  bell  was  placed  over  opening  G,  and  the  appara¬ 
tus  was  filled  with  nitrogen  as  before.  A  sample  was  secured,  the 
equipment  was  allowed  to  stand,  and  then  a  second  sample  was 


taken : 

Oxygen  Concentration 

Run  No. 

Sample  1 

% 

Sample  2 

% 

Elapsed  Time 

Hours 

1 

0.173 

0.178 

48 

•  2 

0.210 

0.209 

48 

3 

0.220 

0.223 

22 

4 

0.187 

0.186 

48 

Since  the  differences  in  samples  1  and  2  in  these  tabulations 
lie  below  the  figure  given  by  Kleiber  as  the  standard  error  of  the 
oxygen  determination  with  the  apparatus  used,  the  diffusion 
chamber  may  be  considered  satisfactory,  and  the  small  dis¬ 
crepancies  between  samples  may  be  ignored.  Leaks  have  not 
been  observed  during  the  period  of  study  (over  7  months),  and 
thus  routine  checks  before  each  diffusion  study  would  not  seem 
necessary. 

To  determine  the  rate  of  diffusion  of  oxygen  one  must  know 
the  volume  into  which  the  gas  diffuses. 

The  diffusion  chamber  was  filled  with  water,  and  the  volume  of 
water  was  then  measured  by  draining  the  liquid  to  level  2  and 
allowing  it  to  drain  from  tube  B  just  to  stopcock  C.  When  dif¬ 
fusion  rates  were  measured  on  pouches,  the  volume  of  thp  pouches 
was  taken  by  calibrating  with  water.  Since  the  open  end  of  the 
sack  is  placed  in  mercury  to  a  depth  of  1.5  cm.,  the  water  level  in 
calibrating  is  placed  1.5  cm.  from  the  top  of  the  sack.  The  total 
volume  then  is  the  sum  of  the  diffusion  chamber  volume  plus  the 
volume  of  the  sack. 

Flexible  sacks  may  be  immersed  in  the  mercury  seal  by  at¬ 
taching  them  to  glass  or  metal  rings  with  Scotch  tape.  Metal 
hooks  on  the  top  of  rings  permit  the  attachment  of  rubber  bands, 
which  submerge  the  juncture  of  sack  and  ring  into  the  mercury. 
Flat  pieces  of  flexible  material  have  been  crimped  over  the  top  of 
the  diffusion  chamber  and  held  in  place  by  a  rubber  band.  This 
method  may  be  criticized  because  it  introduces  folds  and  creases 
in  the  material.  With  the  low  rate  of  penetration  observed  in 
the  authors’  measurements,  however,  those  irregularities  in  the 
surface  areas  can  hardly  affect  the  rate  of  exchange. 

The  following  data,  collected  on  a  sack  made  of  MSAT  No. 
480  laminated  cellophane,  will  serve  as  an  example  of  the  results: 

The  total  volume  into  which  the  oxygen  diffused  was  900  ml. ; 
the  area  of  sack  exposed  was  500  sq.  cm. ;  the  diffusion  time  was 
555  hours;  the  temperature  was  30°  C.  The  oxygen  content  at  0 
hours  was  0.054%;  at  555  hours,  0.175%.  Thus  the  diffusion 
rate  may  be  calculated  as  follows: 

Volume  of  gas  in  diffusion  chamber  and  sack  X  increase  in 
_ 02  concentration _ 

Sack  area  exposed  to  air  X  time 

rate/unit  area/unit  time 

or  substituting 

900  X  (0.175  -  0.054)0.01  =  0  0000039  ml.  of  02/sq.  cm./hour 
500  X  555 
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Use  of  an  Alternating  Current  Solenoid  in  Freeze  Tests 

H.  G.  BIMMERMAN  AND  W.  N.  KEEN,  Organic  Chemicals  Department,  Rubber  Chemicals  Division, 

E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Wilmington,  Del. 


NUMEROUS  types  of  apparatus  have  been  developed  in  the 
past  two  years  to  determine  the  relative  flexibility  and 
brittle  point  of  synthetic  materials  at  subzero  temperatures. 
In  employing  any  “freeze  test”  to  judge  the  suitability  of  a  mate¬ 
rial  for  low-temperature  service,  the  mechanics  of  the  test  device 
used  and  the  methods  of  conditioning  the  sample  (time,  tempera¬ 
ture,  etc.,  2)  should  be  considered  in  addition  to  the  actual  test 
data  obtained. 

In  order  to  reproduce  test  results  the  velocity  of  the  member 
inducing  the  deformation  must  be  constant,  since  brittleness  is  a 
function  of  the  rate  of  bending.  Inability  to  reproduce  test  re¬ 
sults  is  frequently  due  to  lack  of  control  of  velocity,  and  hence  of 
the  energy  supplied  by  the  test  device. 


Figure  1 


The  bent  loop  test  described  by  Martin  ( 6 )  and  tentatively 
adopted  by  A.S.T.M.  (Designation  D736-43T)  is  an  excellent 
type  of  test  for  determining  the  relative  flexibility  of  a  series  of 
test  specimens,  but  the  procedure  for  conducting  the  test  fails  to 
specify  a  specific  rate  at  which  the  specimens  are  to  be  flexed. 
Most  apparatus  for  performing  this  test  employs  either  a  crank 
and  lever  or  a  direct-push  type  of  mechanism  which  is  hand- 
operated,  permitting  some  variation  of  the  rate  of  flexing.  The 
direct-push  type  is  the  simpler  of  the  two  devices  and  is  the  one 
more  commonly  used.  The  rate  at  which  this  push-type  device 
can  be  operated  depends  upon  the  number  and  flexibility  of  the 
samples  under  test.  Other  flexibility  tests,  such  as  the  bend  test 
in  which  the  specimen  is  bent  through  90°  over  a  0.125-inch  pin, 
or  the  bend  test  in  which  the  mandrel  size  depends  on  the  gage  of 
the  material  being  tested,  are  hand-operated.  Thus  the  rate  of 
flexing  varies  from  test  to  test  and  from  operator  to  operator,  and 
variations  observed  in  test  results  from  laboratory  to  laboratory 
depend,  to  a  large  extent,  on  the  human  element  involved  in  the 
test. 

The  weakness  of  most  of  the  test  devices  which  have  been  de¬ 
veloped  to  determine  the  brittle  point  of  synthetic  materials  is 
due  also  to  the  lack  of  controlled  velocity.  Bell  Telephone 
Laboratories  in  presenting  their  hand-operated  brittle  point 
apparatus  (8)  stated  that  better  test  results  were  obtained  if  only 
one  sample  was  under  test  at  a  time.  Improved  results  were  due 
to  better  control  of  velocity.  This  apparatus  has  been  modified 
by  Morris,  James,  and  Werkenthin  (7)  to  give  better  control  of 
temperature  and  higher  velocity  at  point  of  impact.  Kemp, 
Malm,  and  Winspear  (5)  have  fitted  the  original  Bell  apparatus 
with  an  electric  motor  and  a  set  of  gears  in  an  attempt  to  control 
the  rate  at  which  the  sample  strikes  the  arm.  Both  groups  of 
investigators  have  concluded  that  it  is  necessary  to  restrict  an 
individual  test  to  a  single  sample.  The  Bell  Telephone  Labora¬ 
tories’  apparatus  which  has  been  tentatively  adopted  by 
A.S.T.M.  (D746-43T)  operates  with  a  quadrant  having  a  pe¬ 
ripheral  speed  of  6.5  ±  0.5  feet  per  second. 


Chatten,  Eller,  and  Werkenthin  (I)  have  developed  a  test  de 
vice  in  which  a  swinging  pendulum  imparts  a  hammer  blow  t 
the  test  specimen.  Graves  and  Davis  (4)  have  presented  ai 
apparatus  in  which  a  spring-actuated  hammer  imparts  the  blo\ 
to  the  test  specimens.  The  motorized  apparatus,  the  pendulun 
device,  and  the  spring-actuated  hammer  are  very  good  from  th 
standpoint  of  control. 

Another  brittle  point  test  in  which  the  specimen  is  subjected  t 
a  hammer  blow  was  developed  in  the  Goodrich  Laboratories  b; 
Garvey  (8).  Its  outstanding  feature  is  economy  of  sample,  am 
its  main  disadvantage  is  lack  of  control  in  imparting  the  ham 
mer  blow. 

ALTERNATING  CURRENT  SOLENOID  AS  A  SOURCE  OF  POWER 

An  alternating  current  solenoid  is  a  simple,  efficient,  easily  con 
trolled  source  of  power  which  may  readily  be  applied  to  man; 
existing  devices  for  measuring  freeze  resistance.  It  will  suppl; 
energy  at  a  reasonably  constant  rate,  if  it  is  operated  at  constan 
voltage.  By  varying  the  voltage,  the  speed  at  which  the  plunge 
of  the  solenoid  travels  may  readily  be  controlled.  A  very  simpl 
way  of  controlling  the  desired  voltage  is  by  use  of  a  Variac,  ai 
autotransformer  which  can  easily  be  set  to  any  desired  outpu 
voltage. 

The  use  of  an  alternating  current  solenoid  as  it  has  been  applie< 
to  the  Du  Pont  brittleness  tester  is  shown  in  Figure  1.  Th 
brittleness  tester  consists  of  an  aluminum  drum  from  which  th 
samples  are  suspended.  The  drum  may  be  rotated  from  outsid 
the  working  chamber  in  order  to  place  the  sample  in  front  of  th 
hammer.  This  hammer  is  made  of  linen  impregnated  with  , 
phenolic  resin  and  is  actuated  by  the  solenoid.  The  leading  edg 
of  the  hammer  has  been  machined  to  a  0.0625-inch  radius.  Th 
drum  has  twenty  numbered  slots  from  which  samples,  2  X  0.5  > 
0.075  =*=  0.010  inches,  are  suspended.  It  is  counterbored  abov 
each  slot  and  a  spring-activated  pin  drops  into  this  hole  to  ensur 
proper  alignment  of  each  sample  with  the  hammer  before  testing 
The  lower  edge  of  the  slot,  over  which  the  samples  must  bend  o 
break  when  struck  by  the  hammer,  has  been  machined  to  a  V: 
inch  radius.  Each  sample  is  held  in  place  by  a  machine  seres 
with  a  square  washer.  This  apparatus  is  designed  to  operate  ii 
a  cold,  dry  atmosphere  (carbon  dioxide). 

The  alternating  current  solenoid  which  is  the  source  of  powe 
for  the  hammer  is  of  the  pull-type,  having  a  1-inch  stroke,  and  i 
rated  as  having  a  14-pound  pull.  This  pull-type  solenoid  wa 
converted  to  a  push-type  by  drilling  a  0.25-inch  hole  through  th 
end  of  the  frame  and  into  the  center  of  the  cross  section  of  th 
plunger.  A  brass  rod  on  which  the  hammer  is  mounted  wa 
screwed  into  the  end  of  the  plunger.  A  second  solenoid,  mucl 
smaller  in  size,  is  used  to  return  the  hammer  to  its  starting  posi 
tion.  Both  solenoids  are  individually  controlled  and  are  operate< 
on  a  110-volt  60-cycle  circuit. 

Test  Procedure.  The  general  test  procedure  when  then 
are  a  large  number  of  compounds  to  be  tested  is  as  follows : 

Four  test  pieces,  2  X  0.5  X  0.075  ±  0.010  inches,  of  each  o 
five  compounds  are  fastened  to  the  drum  with  the  machine  screw 
just  tight  enough  to  hold  the  samples  in  place,  the  drum  is  put  oi 
the  test  stand,  and  the  unit  is  installed  in  the  cold  box.  Afte 
the  desired  temperature  has  been  maintained  for  1  hour  the  sam 
pies  in  slots  1,  5,  9,  13,  and  17  are  tested.  When  any  one  of  thesi 
samples  fails  the  remaining  three  pieces  of  the  same  compounc 
are  tested  as  checks.  After  exposure  at  the  next  lower  tempera 
ture,  the  same  procedure  is  repeated,  starting  with  samples  ii 
slots  2,  6,  10,  14,  and  18.  Thus,  one  sample  of  each  compounc 
is  tested  at  each  temperature  and  when  failure  occurs  the  re 
maining  untested  pieces  of  the  compound  are  tested.  If  all  fou 
test  pieces  of  a  compound  are  tested  without  failure  the  procedun 
is  repeated,  starting  with  the  first  test  piece  of  that  group  at  thi 
next  lower  temperature. 

In  general,  the  test  is  started  at  —30°  F.  and  the  temperatun 
is  lowered  in  5°  F.  intervals  with  1-hour  exposure  at  each  tem 
perature  to  ensure  temperature  equilibrium.  The  test  unit  i: 
adjusted  so  that  the  hammer  travels  approximately  0.25  inch  (de 
pending  on  thickness  of  sample)  after  contacting  the  test  piece 
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Table  I.  Du  Pont  Brittleness  Test  Data 

Hammer  striking  sample  0.25  inch  below  bottom  edge  of  drum  and  traveling 
0.25  inch  after  making  contact) 

Compound  Temperature  of  Brittle  Point,  0  F. 


Buna  S 

-90° 

-90° 

-90° 

-90° 

-90 

Neoprene  Type  GN 

-65° 

-65° 

-65° 

-65° 

-65' 

Neoprene  Type  FR 

-75° 

-70° 

-70° 

-75° 

-75' 

Rubber 

-65° 

-65° 

-60° 

-65° 

-65' 

ud  strikes  it  0.25  inch  below  the  edge  of  the  drum,  thus  produc- 
lg  ab  end  of  approximately  45°,  as  is  shown  in  Figure  2.  The 
:producibiiity  of  the  brittle  point  for  a  given  compound  is  excel- 
nt.  When  failure  occurs  the  sample  breaks  off  squarely  at  the 
iiwef  edge  of  the  drum. 

Table  I  shows  the  results  obtained  with  the  Du  Pont  brittleness 
ester  on  four  compounds  which  were  tested  five  different  times 
ver  a  period  of  3  weeks. 


Figure  2 


This  apparatus  may  also  be  used  to  determine  the  low-tem- 
■rature  flexibility  of  coated  fabrics.  This  test  may  be  conducted 
/  replacing  the  present  drum  with  one  that  has  a  longer  skirt  on 
oich  loops  of  the  material  to  be  tested  are  mounted.  After 
ing  conditioned  at  the  desired  temperature,  each  loop  is  com¬ 
essed  by  the  hammer  against  the  drum  until  the  distance  be- 
'een  hammer  and  drum  is  equal  to  twice  the  gage  of  the  fabric. 
Figure  3  shows  an  isometric  sketch  of  a  proposed  brittleness 
st  apparatus  employing  an  alternating  current  solenoid  of  the 
'tsh-type. 

The  basic  design  of  this  apparatus  is  similar  to  the  Bell  Tele- 
lone  Laboratories’  ( 4 )  motorized  apparatus,  but  the  energy  to 
■nd  the  sample  at  a  constant  rate  is  supplied  by  an  alternating 
irrent  solenoid  instead  of  a  motor.  This  solenoid  is  rated  as 
oducing  a  5-pound  push  at  a  maximum  stroke  of  1  inch.  The 
iside  dimensions  of  the  tank  containing  the  immersion  medium 
e  15  X  4.5  X  6  inches,  and  sixteen  specimens,  1.50  X  0.25  X 
175  =*=  0.010  inches,  may  be  mounted  on  the  sample  holder, 
movable  bar,  not  shown  in  the  figure,  supports  the  specimens 
a  horizontal  position  during  the  conditioning  period.  It  is 
oved  to  the  front  of  the  tank  before  testing  the  specimens, 
le  edge  of  the  hammer  that  strikes  the  sample  has  a  0.0625- 
ch  radius,  which  is  the  same  as  the  radius  on  the  arm  used  in 
e  Bell  Telephone  Laboratories’  apparatus.  The  position  of 
e  sample  holder  on  which  the  specimens  are  mounted  may  be 
ried  by  changing  the  size  of  the  inserts  at  the  supports. 

As  may  be  seen  in  Figure  3,  the  structure  supporting  the  sole- 
>id  is  hinged,  in  order  that  it  may  be  swung  back  to  simplify  the 
deration  of  removing  and  replacing  the  specimen  holder.  The 
mple  holder  is  equipped  with  small  eye-bolts,  so  that  hooks  may 
used  in  removing  and  replacing  the  holder.  Alignment  of  the 
lenoid  with  the  test  specimen  is  assured  by  a  latch  which  drops 
to  the  notches  shown  on  the  upper  rod  supporting  the  solenoid. 
ie  immersion  medium,  usually  methyl  alcohol,  ethyl  alcohol,  or 
etone,  is  cooled  by  circulation  through  a  coil  placed  in  an  ace- 
ne  and  dry  ice  bath.  The  immersion  medium  inlet  is  at  the 
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bottom  of  the  tank  on  the  left  end  and  the  outlet  is  at  the  top  on 
the  right  end.  The  tube  shown  along  the  bottom  of  the  tank  is 
for  the  purpose  of  bubbling  carbon  dioxide  through  the  medium 
in  order  to  give  mild  agitation  and  to  produce  a  carbon  dioxide 
blanket  oyer  the  medium  to  reduce  fire  hazard.  In  case  fumes 
from  the  immersion  medium  constitute  a  health  hazard,  the  ap¬ 
paratus  should  be  operated  under  a  hood. 

The  pump  used  to  provide  circulation  of  the  immersion  medium 
may  be  controlled  by  a  bimetallic  thermoregulator  located  in  the 
tank  as  shown.  The  bimetallic  thermoregulator  is  mounted  in  a 
tube  in  which  a  nonvolatile  liquid,  such  as  a  low-temperature 
hydraulic  oil,  is  used  to  prevent  volatile  vapors  from  entering 
the  chamber  which  houses  the  contact  points  where  arcing  may 
occur.  A  condenser  placed  in  the  circuit  with  the  bimetallic 
thermoregulator  and  the  motor  of  the  pump  will  reduce  the  arcing 
to  a  minimum  and  help  retain  the  sensitivity  of  the  thermoregula¬ 
tor.  The  temperature  of  the  immersion  medium  is  indicated  by 
the  thermometer  which  is  mounted  next  to  the  bimetallic  thermo¬ 
regulator.  The  heating  unit  enables  one  to  warm  up  the  immer¬ 
sion  medium  rapidly. 

The  velocity  at  the  instant  of  impact  of  the  hammers  for  both 
the  14-  and  5-pound  solenoids  was  determined  and  found  to  vary 
linearly  from  7  to  9  feet  per  second  when  the  voltage  was  varied 
from  100  to  120  volts.  Therefore,  when  the  solenoids  are  oper¬ 
ated  at  rated  voltage  (110  volts)  the  velocity  of  the  hammers  at 
the  instant  of  impact  is  8  feet  per  second. 

The  time  of  travel  of  the  hammers  from  the  point  of  zero  ve¬ 
locity  to  the  point  of  impact  is  very  short;  hence  the  velocity  at 
impact  is  affected  by  the  phase  of  the  voltage  cycle  at  which  the 
solenoid  becomes  energized.  This  seems  to  indicate  that  a  more 
scientific  test  unit  might  be  obtained  if  a  direct  current  solenoid 
were  used.  However,  the  use  of  a  direct  current  solenoid  is  not 
only  impracticable  in  many  cases,  but  is  believed  to  be  unneces¬ 
sary.  It  was  found  experimentally  with  the  unit  which  is  oper¬ 
ated  in  air  that  the  kinetic  energy  imparted  by  the  solenoid  at 
rated  voltage  was  3.5  times  the  kinetic  energy  necessary  to  break 
the  samples.  In  view  of  this  fact,  the  slight  variation  in  the 
kinetic  energy  resulting  from  energizing  the  solenoid  at  various 
phases  of  the  voltage  cycle  is  negligible. 

ADVANTAGES 

Operation  is  simple  and  efficient.  The  human  element  has 
been  eliminated  as  much  as  possible  from  the  test. 

A  variable  number  of  samples  may  be  tested  at  one  time. 
Stocks  of  any  hardness  or  those  swollen  by  solvents  can  be 
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tested.  The  velocity  at  impact  and  the  rate  of  bending  of  the 
samples  are  reasonably  constant. 
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Monel  Metal  Pouring  Plate  for  Silica  Fusions 

R.  S.  YOUNG,  Rhokana  Corporation,  Limited,  Nkana,  Northern  Rhodesia 


IN  MANY  analytical  laboratories,  particularly  in  the  mining 
and  metallurgical  industries,  a  large  number  of  silica  fusions 
are  carried  out  daily.  These  are  usually  made  in  platinum 
crucibles  or  dishes,  using  sodium  carbonate  or  a  mixture  of 
carbonates  as  a  flux.  Fusion  may  be  made  on  the  sample 
directly  or  on  the  insoluble  portion  after  prior  acid  treatment. 


Figure  1.  Pouring  Plate 


Since  these  determinations  are  generally  used  for  control 
purposes,  speed  is  essential.  If  the  fusion  is  allowed  to  solidify 
in  the  crucible,  a  long  time  is  required  to  dissolve  the  contents 
in  the  dilute  hydrochloric  acid  usually  employed.  The  practice 
of  allowing  the  melt  to  cool  on  the  sides  of  the  crucible  requires 
careful  manipulation,  and  even  then  most  of  the  sample  solidifies 
at  the  bottom.  When  solution  of  the  solidified  melt  is  slow,  more 
hydrochloric  acid  is  often  added  to  hasten  the  action.  However, 
as  the  resulting  solution  usually  must  be  evaporated  to  dryness 
to  remove  silica,  the  increase  in  bulk  prolongs  the  evaporation 
period.  When  a  fusion  reacts  slowly  with  acid,  or  adheres  to 
the  crucible,  there  is  a  temptation  to  hasten  solution  by  scraping 
with  a  glass  rod,  which  usually  results  in  ultimately  deforming 
or  injuring  the  platinum.  The  time  lost  in  waiting  for  cooled 
fusions  in  platinum  crucibles  to  dissolve  is  particularly  im¬ 
portant  to  those  laboratories  where  an  abundant  supply  of  plat¬ 
inum  ware  is  not  available. 


This  difficulty  can  be  overcome  by  pouring  the  molten  fusion 
into  a  depression  on  a  Monel  metal  plate.  The  material  quickly 
solidifies  in  the  form  of  a  flat  button  which  is  transferred  with 
platinum-tipped  tongs  to  a  beaker  or  casserole,  together  with 
the  platinum  crucible.  A  few  milliliters  of  dilute  hydrochloric 
acid  suffice  to  dissolve  the  thin  film  of  solidified  melt  left  in  the 
platinum  crucible  or  dish,  which  can  be  washed  and  removed  for 
another  fusion  in  a  minute  or  two.  Owing  to  its  surface,  the 
button  rapidly  goes  into  solution  in  dilute  acid._  The  chilling 
effect  produced  by  pouring  on  the  Monel  plate  gives  a  product 
which  dissolves  more  readily  than  a  fusion  allowed  to  cool  in  the 
crucible.  If  necessary,  solution  of  the  button  may  be  aided  by 
breaking  up  with  a  flat-tipped  glass  stirring  rod. 

This  procedure  was  first  brought  to  the  writer’s  notice  some 
time  ago  in  the  laboratories  of  the  International  Nickel  Company 
of  Canada  at  Copper  Cliff,  Ontario,  where  it  had  been  in  use  for 
many  years.  It  has  since  been  applied  successfully  to  a  wide 
variety  of  products. 


The  plate  is  illustrated  in  Figure  1.  Molten  sodium  carbonatf 
under  these  conditions  has  no  effect  on  Monel  metal.  Plates  an 
still  in  perfect  condition  after  hundreds  of  thousands  of  fusion 
have  been  poured  on  them.  Tests  for  copper  and  nickel  with  pun 
carbonate  fluxes  have  shown  that  the  quantities  of  these  ele 
ments  picked  up  from  the  plate  are  below  the  limit  of  quantitativ 
determination.  The  extreme  resistance  of  Monel  to  moltei 
sodium  carbonate  does  not  extend  to  peroxide  or  bisulfate,  am 
fusions  of  the  latter  should  not  be  poured  onto  such  a  plate 
The  Monel  plate  can  be  cleaned  and  polished  occasionally  wit! 
any  standard  metal  cleaner  and  rinsed  thoroughly  in  water  t 
remove  traces  of  polish. 

The  plate  illustrated  in  Figure  1  is  intended  for  general  ana 
lytieal  work  where  0.5-  to  2.0-gram  samples  are  fused  with  5  t 
10  times  their  weight  of  carbonate  flux?  Where  other  quai 
tities  are  employed  the  size  of  the  depression  may  be  altere 
slightly.  The  object  should  be  the  formation  of  a  slightl 
rounded  button  which  will  fill  the  depression  but  not  overflow  t 
give  a  thin  layer  on  the  plate.  In  the  latter  case  the  thin  edge  c 
the  button  may  break  in  several  pieces  when  picked  up  with  th 
tongs.  A  slightly  larger  plate  to  contain  two  rows  of  depressior 
may  be  used  where  a  large  number  of  fusions  are  carried  out  a 
routine  determinations. 

Remove  the  crucible  from  gas  burner  or  electric  furnace  whe 
contents  have  fused,  pour  onto  plate,  place  crucible  on  Transit 
or  Alberene  stone  table  top  or  on  the  plate  itself,  pour  the  net 
crucible,  place  the  first  solidified  button  in  the  correspondir 
crucible,  and  transfer  to  beaker  or  casserole.  It  is  not  goo 
practice  to  put  a  red-hot  platinum  crucible  on  a  Monel  plat 
but  after  the  crucible  is  poured  it  is  almost  invariably  cool  enoug 
to  place  directly  on  the  plate  beside  the  button  if  desired.  T 
the  button  from  the  crucible  into  the  beaker  and  add  a  litt 
dilute  hydrochloric  acid  to  the  crucible.  Continue  pouring 
this  manner,  wash,  and  remove  the  crucibles.  _  While  the  ma 
portion  of  the  fusion  contained  in  the  button  is  dissolving,  tl 
platinum  crucibles  or  dishes  may  be  used  for  further  fusions. 


Spectrophotometry 

Two  papers  have  been  prepared  by  the  Research  Department 
the  Calco  Chemical  Division,  American  Cyanamid  Co.,  and  are  ava 
able  through  the  Advertising  Department,  Bound  Brook,  N.  J. 

“Spectrophotometry  and  the  Colorist”,  Calco  Technical  Bullet 
756,  prepared  by  E.  I.  Stearns,  discusses  interpretation  of  specti 
photometric  data  and  suggests  methods  of  application  to  mill  pi 
duction  and  research  problems. 

“Identification  of  Organic  Pigments  by  Spectrophotometric  Cur 
Shape”,  Calco  Technical  Bulletin  754,  prepared  by  R.  Abbott  a 
E.  I.  Stearns,  illustrates  the  general  method  of  approach  to  t 
problem  of  identification  of  organic  pigments  by  their  characteris 
absorption  curve  shape. 


A  Simplified  Conductometric  Titration  Apparatus 

EDMUND  M.  BURAS,  Jr.,  and  J.  DAVID  REID 
Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


IPHE  advantages  and  disadvantages  of  conductometric  titra- 
I  tions  are  too  well  known  to  be  detailed  here.  It  is  often 
Ivantageous  to  titrate  mixtures  or  turbid  solutions  conducto- 
etrically,  and  this  method  has  been  used  in  this  laboratory  for 
le  analysis  of  complex  mixtures  encountered  in  research  on  the 
•eproofing  of  cotton  cloth.  However,  the  complicated  appara- 
is  ordinarily  used  discourages  more  general  application  of  the 
ethod.  The  apparatus  described  by  Whittemore  and  his  co- 
orkers  (3,  4,  5)  is  perhaps  the  simplest.  In  their  method  the 
iltage  is  adjusted  to  a  constant  value  after  each  addition  of 
trating  solution  and  the  current  passing  through  the  condue- 
vity  cell  is  measured.  By  plotting  milliliters  of  solution  added 
;ainst  milliamperes,  a  typical  conductometric  curve  is  ob- 
,ined. 

This  apparatus  and  procedure  have  been  further  simplified  in 
iris  laboratory  by  the  use  of  a  constant-voltage  transformer  and 
l  alternating  current  milliammeter  of  low  internal  resistance, 

;  diagramed  in  Figure  1,  considering  the  circuit  at  M  completed 

irough  A. 

The  innovation,  though  simple,  makes  the  conductometric 
tration  very  easy,  since  it  is  only  necessary  to  read  one  meter, 
>mpared  with  the  former  procedure  involving  the  adjustment  of 
fluctuating  voltage  with  a  potentiometer,  reading  this  on  a 
iltmeter,  and  simultaneously  reading  the  milliammeter. 

The  constant-voltage  transformer,  T i,  is  the  type  generally 
sed  for  8-volt  lamps  in  such  instruments  as  the  Coleman  spectro- 
lotometer  and  thus  is  generally  available.  Its  cost  is  less  than 
lat  of  the  meter,  transformer,  and  potentiometers  it  replaces, 
he  more  common  11 5- volt  constant-voltage  transformer  with 
l  auxiliary  step-down  transformer  is  equally  suitable  and  this 
nmbination  may  be  substituted  for  T\.  Along  with  the  con- 
ant-voltage  transformer  it  may  be  necessary  to  have  an  addi- 
onal  constant  load  to  meet  its  minimum  load  requirement  and 
/oid  overheating. 

Because  of  war  conditions,  the  sale  of  meters  is  restricted,  and, 
ifortunately,  an  alternating  current  milliammeter  is  more  rarely 
sed  than  other  types  in  a  chemical  laboratory.  A  low-range 
temating  current  voltmeter  is  nearly  always  available,  how¬ 
ler.  In  this  laboratory,  the  2.5-volt  range  of  an  alternating  cur- 
;nt  meter  of  the  rectifier  type,  1000  ohms  per  volt,  was  used  in- 
,ead  of  a  milliammeter  as  follows: 

A  radio-type  transformer,  T2,  commonly  known  as  an  audio- 
utput  transformer,  with  an  impedance  ratio  of  about  500  to  1 
urn  ratio  of  22  to  1),  was  used  as  a  current  transformer  to 
invert  the  relatively  high  current  at  a  small  voltage  drop  to  a 
mch  higher  voltage,  and  impress  this  voltage  on  the  meter.  It 
as  then  possible  to  read  the  current  directly  from  the  meter  in 
dative  units.  If  actual  values  are  desired,  the  factor  may  be 
itained  from  a  consideration  of  the  meter  and  transformer  con- 
ants,  or  by  direct  calibration.  This  circuit  is  shown  in  Figure  1, 
insidering  the  circuit  at  M  completed  through  B.  The  trans- 
irmer  to  be  used  as  T2  should  be  selected  to  reflect  the  resistance 
‘  the  meter  as  5  ohms  in  series  with  the  cell — for  example,  to  use 
le  components  cited  above,  a  transformer  matching  2500  ohms 
1 5  ohms  was  used.  In  general,  satisfactory  results  are  obtained 
sing  a  value  within  the  limits  of  4  to  8  ohms  for  the  low-imped- 
ace  winding. 

Electrodes  are  conveniently  made  by  welding  platinum  disks  to 
iatinum  wire  and  sealing  each  into  appropriately  shaped  glass 
ibes  as  shown  in  Figure  1.  The  size  of  the  electrodes  and  the 
istance  between  them  are  chosen  to  give  a  convenient  initial 
inductance.  For  example,  in  the  titration  of  approximately  100 
d.  of  0.001  N  solution  with  0.01  N  reagents,  disks  1  cm.  in  diam- 
ier  and  spaced  about  2.5  cm.  apart  were  used.  In  the  titration  of 
pproximately  100  ml.  of  0.01  N  solutions  with  0.1  N  reagents, 
isks  0.3  cm.  in  diameter  and  spaced  about  3  cm.  apart  were  used, 
t  was  found  that  the  apparatus  described  was  generally  suitable 
ir  cell-electrolyte  combinations  which  resulted  in  resistances  of 
ie  order  of  400  to  10,000  ohms.  It  was  not  found  necessary  to 


extend  the  range  in  the  direction  of  lower  resistances,  as  this 
could  be  circumvented  by  titrating  with  more  dilute  solutions. 

The  limit  of  accuracy  of  conductometric  methods,  given  by 
Kolthoff  and  Sandell  (3)  as  0.5  to  1%,  is  readily  attained  with 
reasonable  precautions: 

The  solution  being  titrated  should  be  uniformly'stirred  with  a 
glass  stirrer  (not  a  metal  one),  but  a  “whirlpool”  should  not  be 
allowed,  since  the  addition  of  the  titrating  medium  will  change 
the  shape  of  the  vortex  and  cause  an  irregularity  in  the  curve. 

The  beaker  and  electrodes  should  not  be  moved  once  the  titra¬ 
tion  is  begun. 

The  two  transformers  (if  T2  is  used)  must  be  placed  with  their 
cores  at  right  angles  or  sufficiently  distant  from  each  other  to 
avoid  inducing  current  in  T2. 

The  concentration  of  the  reagent  solution  should  be  at  least 
10  to  20  times  that  of  the  solution  to  be  titrated  in  order  to  obtain 
rectilinear  graphs. 


Figure  I.  Diagrams  of  Simplified  Conductometric  Apparatus 

Ti.  8-volt  constant-voltage  transformer  (or  combination  of  1 1 5-volt  constant-voltage 
transformer  and  115-  to  8-volt  step-down  transformer) 

M.  To  be  completed  through  either  circuit  A  or  B 

Circuit  A.  A,  metering  circuit  using  milliammeter  / 

I,  Jow-resistance  0-  to  30-milliampere  alternating  current  meter 

Circuit  B.  B,  metering  circuit  using  T  2  and  voltmeter  V 
7*2,  audio-output  transformer 

V ,  0-  to  2.5-volt  alternating  current  meter,  1000  ohms  per  volt 

Graphs  of  conductometric  titrations  obtainable  with  this  ap¬ 
paratus  are  of  the  same  type  and  precision  as  shown  by  other 
authors  (1 ,  3,  4,  5) .  The  text  by  Britton  (1 )  is  particularly  useful 
for  interpretation  of  the  graphs  obtained. 
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An  Improved  Timing  Siphon 

WILLIAM  R.  MCMILLAN1 
Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 


CYCLIC  processes  can  best  be  controlled  by  the  use  of  a 
clock  motor  or  other  similar  device.  However,  a  sub¬ 
stitute  for  a  mechanical  timer  is  often  needed.  In  this  labo¬ 
ratory  the  common  siphon  proved  unsatisfactory  for  such  use 
because  after  the  first  delivery  of  water,  the  siphon  tube  remains 
full  of  bubbles.  In  this  case,  the  siphon  vessel  may  never  again 
fill  up,  the  wa.ter  siphoning  out  as  fast  as  it  runs  in,  or  the  siphon 
may  operate  when  the  vessel  is  only  one-fourth  or  one-half 
full. 

This  difficulty  is  overcome  in  the  design  given  in  Figure  1. 


By  controlling  the  rate  of  influx  of  water,  the  rate  of  draininj 
with  the  siphon,  and  the  placing  of  the  electrodes,  almost  an; 
length  of  cycle  can  be  obtained. 
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Simple  Automatic  Pump  for 
Collecting  Gases  at  Low  Pressures 

I.  E.  PUDDINGTON 

Division  of  Chemistry,  National  Research  Council,  Ottawa,  Canad 


The  central  tube  is  1.5  cm.  in  diameter  andjjoins[on  to  a  5-mm. 
tube.  This  large  central  tube  completely  breaks  up  the  bubble 
string  and  gives  cycles  which  are  accurate  to  2  or  3%  if  the  water 
temperature  does  not  vary  too  greatly.  The  size  of  the  outer 
vessel  can  be  varied  to  any  size,  while  the  central  tube  and  the 
draining  tube  can  be  enlarged  to  any  degree,  provided  the  ratio 
of  sizes  is  not  made  smaller  and  the  draining  tube  does  not  be¬ 
come  too  large  actually  to  function  as  a  siphon.  A  conventional 
constant-head  device  furnished  a  constant  flow  of  water  to  the 
vessel  containing  the  siphon. 

The  conductivity  of  the  water  can  be  used  to  work  the  con¬ 
trol  mechanisms  as  follows:  Two  electrodes  which  are  intermit¬ 
tently  bathed  by  the  water  can  be  connected  to  a  source  of 
power  and  a  suitable  relay  which  in  turn  can  actuate  pumps, 
valves,  lights,  etc.  A  satisfactory  relay  circuit  is  described  by 
Rudy  and  Fugassi  (I). 


Liquids  other  than  water  can  be  used  with  this  device,  with 
due  regard  for  abnormal  viscosity  or  for  vapor  pressure  which 
might  cause  bubble  formation  due  to  the  lower  pressure  at  the 
top  of  the  siphon  tube. 

In  place  of  conductivity  control,  a  photoelectric  control  may 
also  be  used. 


IN  A  particular  piece  of  work  it  was  found  desirable  to  main 
tain  a  reaction  mixture  at  low  pressure  and  at  the  same  tim 
to  collect  evolved  gases.  Since  the  reaction  was  being  followe 
for  extended  periods,  a  manually  controlled  pump  such  as 
Toepler  was  inconvenient.  The  following  simple  design  wa 
found  to  be  efficient  and  required  virtually  no  attention  durin 
long  periods  of  operation. 


The  details  of  the  design  are  shown  in  the  figure.  It  consisl 
essentially  of  a  mercury  diffusion  pump  in  which  the  compresse 
gas,  instead  of  being  removed  by  a  mechanical  pump  in  the  usu; 
way,  is  entrained  by  the  condensed  mercury,  as  in  the  ordinar 
Sprengle  pump,  carried  down  the  capillary  tube,  A,  and  di: 
charged  into  the  gas  holder,  C.  A  second  capillary,  B,  retun 
the  mercury  from  the  gas  holder  to  the  boiler. 

The  height  of  the  diffusion  pump  above  the  mercury  boik 
must  be  sufficiently  great  to  keep  the  hydrostatic  pressure  ( 

the  mercuiy  and  entrained  g£ 
in  A  always  greater  than  the  mei 
cury  alone  in  B.  In  the  preser 
design,  which  operated  succes: 
fully  on  systems  where  the  pre: 
sure  was  as  high  as  3  cm.  of  me1 
cury,  this  height  is  about  40  cn 
Pumping  speeds  should  be  great* 
as  this  head  is  increased.  In  ord* 
that  the  collected  gas  should  nc 
occupy  too  large  a  volume,  the  g s 
holder  should  be  located  about  4 
cm.  below  the  level  of  the  mercur 
in  the  boiler. 

Capillary  tubing  of  2-mm.  dii 
meter  is  satisfactory  for  the  to 
half  of  A,  while  the  use  of  1-mn 
tubing  in  the  bottom  half  greatl 
reduces  the  tendency  for  con 
pressed  gas  bubbles  to  move  u 
the  tube.  A  heating  element  c 
about  60-watt  capacity  wrappe 
about  the  tube  delivering  mercur 
vapor  to  the  jets  reduces  bumpin 
in  the  boiler  and  eliminates  exce; 
sive  refluxing  of  the  mercury. 


This  pump  is  particularly  us< 
ful  for  collecting  gases  at  lo' 
pressures.  Its  limited  capacit 
makes  it  rather  slow  at  highe 
pressures.  The  design  describe 
reduced  the  pressure  in  a  350-ci 
volume  from  35  to  less  tha 
10~5  mm.  in  3  hours.  A  lowerin 
from  I  to  10-6  mm.  was  ol 
tained  in  the  same  system  in  1 
minutes. 
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Determining  Volatile  Bases  in  Fish 

Comparison  of  Precision  of  Certain  Methods 

MAURICE  E.  STANSBY,  ROGER  W.  HARRISON,  JOHN  DASSOW,  and  MARIE  SATER 
Technological  Laboratory,  U.  S.  Fish  and  Wildlife  Service,  Seattle,  Wash. 


Methods  were  investigated  for  determining  total  volatile  base  and 
tertiary  volatile  base  in  fish  flesh  as  an  index  of  spoilage.  Sampling 
methods  tested  included  use  of  press  juice,  protein-free  press  juice, 
60%  ethanol-leached  samples,  samples  "liquidized"  with  60% 
ethanol,  and  samples  of  ground  fish  suspended  directly  in  solution. 
Volatile  base  was  removed  by  microdiffusion,  distillation,  and 
aeration.  Most  precise  results  were  obtained  for  total  volatile 

I  base  by  extracting  the  fish  flesh  with  60%  ethanol  and  removing 
the  volatile  base  by  distillation  from  the  solution  made  alkaline 
with  borax.  Tertiary  volatile  base  could  best  be  determined  by 
a  slight  modification  of  the  microdiffusion  method  of  Beatty  and 
Gibbons  (3)  whereby  a  sample  extracted  with  60%  ethanol  was 
used  in  place  of  press  juice. 

I  THE  determination  of  volatile  bases  in  fish  has  been  widely 
I  used  as  an  index  of  the  freshness  of  fish.  A  considerable 
number  of  procedures  have  been  suggested,  and  since  results 
obtained  by  the  different  methods  are  not  always  in  agreement, 
the  comparative  results  obtained  by  some  of  them  have  been 
studied.  These  were  procedures  which  obtain  the  total  volatile 
base  by  separation  from  alkaline  solution  into  an  excess  of  stand¬ 
ard  acid  or  which  determine  tertiary  amines  by  separation  in  the 
presence  of  formaldehyde. 

SAMPLING  TECHNIQUE 

An  experimental  lot  of  fish  of  varying  degrees  of  freshness  was 
prepared  as  follows:  Fifty-five  eviscerated  silver  salmon  were 
procured  when  4  hours  out  of  the  water.  Twenty  fish  were  stored 
at  room  temperature  and  30  in  crushed  ice.  Five  were  dressed 
immediately  and  the  flesh,  free  of  skin  and  bones,  was  ground 
twice  through  an  electric  meat  grinder,  mixed  thoroughly,  and 
packed  in  0.2-kg.  (0.5-pound)  cans.  The  sealed  cans  were  im¬ 
mediately  frozen  and  stored  at  about  —  15  °  C.  (5  °  F.).  At  suitable 
intervals  the  salmon  stored  at  room  temperature  or  in  ice  were 
sampled  by  removing  five  fish  and  treating  as  above.  It  was 
assumed  that  no  increase  in  volatile  base  occurred  after  freezing, 
and  the  cans  of  frozen  fish  were  used  for  subsequent  tests.  (All 
tests  were  completed  within  6  months;  additional  samples  stored 
3.5  years  showed  an  average  increase  in  total  volatile  base  of 
18%.  Greatest  decomposition  occurred  in  the  fresher  samples, 
where  significant  changes  may  have  occurred  during  the  6  months’ 
storage  period.) 

The  method  of  bringing  the  volatile  base  into  solution  prior  to 
distillation  into  standard  acid  is  of  importance  in  obtaining  ac¬ 
curate  results.  If  both  volatile  base  and  other  nitrogenous  sub¬ 
stances  are  present  during  distillation,  the  latter  may  break  down 
to  give  added  volatile  base.  Low  results  may  be  obtained  if 
an  attempt  is  made  to  extract  the  volatile  base  from  the  protein 
or  if  the  protein  is  removed  from  solution  by  precipitation.  In 
the  first  case  all  the  base  may  not  be  extracted  and  in  the  second 
case  it  may  be  lost  by  being  adsorbed  on  the  protein  precipitate. 

In  obtaining  press  juice  for  the  tests,  the  ground  fish  flesh  was 
placed  in  a  canvas  cloth  and  pressed  in  a  Carver  laboratory 
press  at  a  pressure  of  8000  to  10,000  pounds  per  square  inch 
(562  to  703  kg.  per  sq.  cm.).  Since  the  fish  had  been  frozen, 
relatively  large  volumes  of  press  juice  were  obtained  (100  to  200 
ml.  of  juice  per  kg.  of  flesh).  The  press  juice  ordinarily  was 
clear,  but  became  cloudy  upon  standing.  When  made  alkaline 
for  the  distillation  and  particularly  in  the  presence  of  formalde¬ 
hyde,  it  frequently  gelled,  especially  if  from  stale  fish.  With 
fresh  fish  the  juice  usually  became  very  cloudy,  and  sometimes 
considerable  sediment  settled  out,  but  as  a  rule  it  did  not  solidify. 

A  series  of  tests  was  made  with  press  juice  from  which  the 
protein  had  been  precipitated  by  trichloroacetic  acid.  Twenty- 


five  milliliters  of  the  juice  were  treated  with  a  few  milliliters  of  a 
saturated  trichloroacetic  acid  solution  in  a  centrifuge  tube. 
After  centrifuging,  the  clear  solution  was  decanted  into  a  100-ml. 
volumetric  flask,  and  the  voluminous  precipitate  was  washed 
three  times  with  10-ml.  portions  of  water.  The  combined  solu¬ 
tion  and  washings  were  made  up  to  100  mi.  for  the  determina¬ 
tion.  The  solution  was  clear  and  little  or  no  sediment  separated 
either  upon  standing  or  when  made  alkaline. 

The  exceedingly  gummy  nature  of  the  precipitate  formed  when 
trichloroacetic  acid  was  added  to  the  press  juice  made  washing 
difficult,  and  doubtlessly  considerable  of  the  volatile  base  was 
left  adhering  to  the  precipitate.  In  some  instances  the  precipi¬ 
tate  was  more  gummy  than  in  others,  making  for  irregular  ad¬ 
sorption  of  volatile  base.  A  more  easily  washed  precipitate 
could  be  obtained  by  precipitating  diluted  press  juice,  but  so 
high  a  dilution  was  required  (ten  times  or  more)  that  the  re¬ 
sulting  sample  did  not  contain  enough  volatile  base  to  give 
reproducible  results. 

Extractions  of  the  fish  both  with  water  and  with  60%  ethanol 
as  described  for  meat  by  Allen  ( 1 )  were  tried.  Preliminary  tests 
indicated  that  for  fish,  as  for  meat,  much  more  consistent  results 
were  obtained  by  means  of  the  ethanol  extractions;  so  all  tests 
were  made  in  this  way.  Forty  grams  of  fish  were  stirred  mechan¬ 
ically  with  60  ml.  of  60%  ethanol,  in  a  250-ml.  centrifuge  bottle, 
the  solution  was  centrifuged,  and  the  clear  solution  decanted 
into  a  volumetric  flask.  The  stirring  and  centrifuging  were 
repeated  with  two  more  75-ml.  portions  of  60%  ethanol  and  the 
combined  leachings  were  made  up  to  250  ml.  The  final  solution 
was  clear  and  did  not  solidify  upon  being  made  alkaline. 

Another  series  of  tests  was  run  in  which  the  fish  was  finely  dis¬ 
integrated  in  60%  ethanol  by  means  of  a  liquidizer.  (Several 
brands  of  this  type  apparatus  were  tried.  Of  those  used,  the 
Waring  Blendor  with  special  aluminum  container  gave  the  best 
results.  This  special  container  had  a  screw-type  lid  winch  pre¬ 
vented  loss  of  solution  during  operation  and  gave  quantitative 
results.  With  equipment  in  which  the  lid  merely  sat  upon  the 
top  of  the  vessel,  an  appreciable  loss  of  solution  sometimes  oc¬ 
curred.) 

Forty  grams  of  fish  and  100  ml.  of  60%  ethanol  were  liquidized 
for  5  minutes,  after  which  time  the  fish  was  completely  dis¬ 
integrated  and  formed  a  stable  suspension  from  which  the  solid 
could  be  removed  completely  only  by  centrifuging.  The  solids 
remaining  in  the  centrifuge  tube  were  washed  with  two  25-ml. 
portions  of  60%  ethanol  and  the  combined  solution  and  washings 
were  made  up  to  250  ml.  The  resulting  solution  was  clear  im¬ 
mediately  after  preparation  but  a  fine  precipitate  usually  formed 
after  a  short  time  giving  a  cloudy  appearance. 

SEPARATION  OF  VOLATILE  BASE 

Determinations  were  run  using  the  Conway  and  Byrne  (4) 
microdiffusion  technique  as  modified  for  fish  by  Beatty  and 
Gibbons  (3),  and  also  using  press  juice  freed  of  protein  by  tri¬ 
chloroacetic  acid  treatment.  In  applying  the  microdiffusion 
technique  improvised  glassware  was  used  in  place  of  the  regular 
Conway  dishes  which  were  not  readily  available.  A  5-ml. 
beaker  for  holding  the  standard  acid  was  placed  inside  a  Stender 
dish  (60  mm.  in  diameter  and  28  mm.  deep).  In  order  to  assure 
that  the  lids  of  the  Stender  dishes  in  all  cases  fit  tightly,  it  was 
necessary  to  regrind  them  with  Carborundum  and  use  a  fairly 
heavy  coating  of  stopcock  grease.  The  ratio  of  surfaces  of  al¬ 
kaline  test  sample  and  of  standard  acid  exposed  to  total  volumes 
is  less  in  this  improvised  equipment  than  in  standard  Conway 
dishes  but  preliminary  experiments  showed  that  by  increasing 
slightly  the  time  of  standing  and  temperature  of  incubation,  re¬ 
covery  of  ammonia  from  both  pure  ammonium  chloride  solution 
and  standard  ammonium  chloride  added  to  fish  solutions  was 
adequate  (recovery  consistently  over  90%,  usually  better  than 
95%  from  solutions  0.001  N  or  stronger). 

Samples  prepared  by  extraction  with  alcohol  were  also  dis- 
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tilled  at  atmospheric  pressure.  The  presence  of  the  alcohol 
during  the  distillation  materially  aided  in  reducing  foaming. 
An  excess  of  borax  was  used  in  place  of  magnesium  oxide  be¬ 
cause  it  not  only  reduces  hydrolysis  of  nitrogenous  substances  by 
virtue  of  its  lower  pH,  but  also,  being  denser  than  magnesium 
oxide,  has  less  tendency  to  cause  foaming.  This  distillation  pro¬ 
cedure  is  a  considerable  improvement  over  the  ordinary  aqueous 
distillations  using  magnesium  oxide  and  a  battery  of  six  or  more 
can  easily  be  run  with  little  or  no  attention. 

Aeration  was  carried  out  in  the  apparatus  exactly  as  described 
by  the  A.O.A.C.  (£)  procedure  for  meat,  in  which  case  finely 
ground  fish  flesh  was  suspended  in  water.  In  other  cases  fish 
flesh  was  liquidized  with  60%  ethanol  and  the  resulting  solution 
made  alkaline  and  aerated  without  removal  of  fish  particles. 
Aeration  units  were  set  up  in  batteries  of  six  units  in  parallel 
and  some  difficulty  was  encountered  in  obtaining  uniform  aera¬ 
tion.  This  difficulty  was  overcome  by  use  of  capillary  tubing 
of  appropriate  lengths  as  entrance  tubes  into  each  of  the  six 
tubes  containing  the  fish  samples.  By  adjusting  the  length  of 
this  tubing  the  pressure  could  be  equalized,  permitting  uniform 
aeration  in  all  samples.  Four  such  batteries  of  six  units  were 
run  at  once. 

An  aeration  period  of  5  hours  was  used  in  all  cases.  Further 
aeration  gave  a  slight  increase  in  volatile  base  but  this  increase 


continued  indefinitely  as  long  as  the  aeration  was  carried  out, 
and  probably  represented  a  breakdown  of  the  protein  or  other 
nitrogenous  substances.  All  determinations  were  run  in  tripli¬ 
cate  to  allow  for  discarding  occasional  samples  which  did  not 
receive  adequate  aeration  when  the  inlet  tubes  to  the  sample 
vessels  became  clogged  with  fish  flesh.  Little  or  no  difficulty 
was  encountered  with  tubes  becoming  clogged  when  samples 
prepared  in  the  liquidizer  were  used.  In  these  cases  the  fish, 
being  of  a  much  finer  state  of  subdivision,  did  not  settle  out  as 
long  as  the  aeration  continued. 

Tertiary  volatile  base  was  determined  in  each  case  by  ad¬ 
dition  of  neutral  formaldehyde  to  the  final  solution  of  fish.  The 
difference  between  the  amount  of  standard  alkali  used  in  the  de¬ 
termination  and  the  blank  was  taken  as  equivalent  to  the  volatile 
base  present. 

DISCUSSION  OF  RESULTS 

Fish  stored  at  room  temperature  for  1  day  were  still  reasonably 
fresh  but  w’ere  slightly  stale  after  2  days  (see  Tables  I  and  II). 
Accordingly,  if  total  volatile  base  or  tertiary  volatile  base  is  to 
be  used  as  an  index  of  spoilage  a  large  increase  would  be  antici¬ 
pated  between  fish  stored  for  1  and  2  days.  With  the  fish 


Table  I.  Individual  Determinations  and  Averages  for  Total  Volatile  Base  in  Silver  Salmon1 


Milligrams  of  Nitrogen  per  100  Grams  of  Fish  or  per  100  Milliliters  of  Press  Juice 
— - - — MicrodifTusion - -  - Distillation - .  , - —Aeration 


Protein  free 

Leached 

Liquidized 

Leached 

Liquidized 

Suspended  in 

Sample 

with  60% 

with  60% 

■with  60% 

with  60% 

water 

No. 

Storage  Conditions  of  Fish 

Press  juice 

press  juice 

ethanol 

ethanol 

ethanol 

ethanol 

(A.O.A.C.) 

Liquidized 

1 

Fish  4  hours  out  of  water. 

11.2 

9.5 

4.0 

14.3 

7.2 

11.8 

7.3 

17.3 

Fresh 

11.6 

6.5 

3.9 

14.7 

12.9 

12.0 

7.2 

17.1 

13.8 

. . 

15.4 

Av. 

12.2 

8.0 

4.0 

14.5 

10.1 

11.9 

7.3 

16.6 

2 

1  day  at  room  temperature. 

11.7 

7.3 

5.3 

11.9 

13.0 

11.8 

9.7 

16.4 

Fresh 

13.1 

11.8 

5.1 

12.6 

13.3 

12.1 

9.4 

16.0 

11.9 

7.3 

13.1 

11.5 

15.8 

12.2 

11.9 

Av. 

12.2 

8.8 

5.2 

12.3 

12.9 

11.8 

9.6 

16.1 

3 

2  days  at  room  temperature. 

18.0 

15.6 

12.4 

24.3 

16.5 

20.6 

17.7 

26.8 

Slightly  stale 

18.8 

14.3 

12.3 

23.6 

20.8 

21.2 

11.0 

27.2 

17.6 

21.6 

21.3 

25.4 

18.7 

21.6 

Av. 

18.3 

15.0 

12.4 

24.0 

19.6 

21.2 

14.4 

26.5 

4 

3  days  at  room  temperature. 

28.0 

23.1 

19.2 

42.8 

34.8 

31.0 

37.0 

40.7 

Very  stale 

24.2 

19.0 

21.0 

47.3 

32.2 

31.4 

26.3 

25.5 

15.6 

46.8 

29.4 

31.4 

35.6 

39.6 

24.7 

45.4 

.  . 

31.7 

.  # 

Av. 

23.1 

21.0 

20.1 

45.6 

32.1 

31.4 

33.0 

35.3 

5 

4  days  at  room  temperature. 

39.8 

35.0 

35.4 

44.2 

47.0 

35.4 

28.2 

48.0 

Putrid 

38.0 

32.0 

34.2 

47.5 

44.5 

36.2 

28.0 

48.0 

35.4 

35.3 

27.2 

46.7 

35.7 

36.4 

Av. 

37.2 

33.5 

34.8 

45.9 

45.8 

35.8 

27.8 

47.6 

A 

3  days  in  ice.  Fresh 

12.6 

12.3 

13.1 

12.1 

11.1 

7.6 

14.6 

13.0 

10.8 

13.3 

12.9 

12.1 

10.4 

12.6 

13.5 

11.5 

11.3 

8.9 

15.2 

12.0 

14.1 

12.1 

13.2 

. . 

Av. 

12.8 

11.6 

. . 

13.2 

12.8 

11.7 

9.0 

14.1 

B 

6  days  in  ice.  Fresh 

13.3 

7.6 

12.7 

13.3 

12.6 

13.3 

4.7 

15.3 

11.0 

8.2 

13.3 

13.1 

12.0 

13.5 

4.9 

15.7 

14.2 

13.6 

10.1 

13.3 

. . 

13.6 

Av. 

12.9 

7.9 

13.0 

13.2 

13.0 

13.4 

6.6 

15.5 

C 

10  days  in  ice.  Slightly 

11.4 

9.0 

10.9 

15.9 

11.7 

12.0 

14.9 

15.3 

sweet  odor 

12.6 

11.3 

10.6 

16.8 

11.6 

12.1 

12.2 

13.7 

11.0 

8.8 

12.4 

9.9 

15.7 

12.5 

11.1 

12.1 

,  _ 

11.7 

13.2 

Av. 

11.8 

10.1 

10.7 

16.4 

12.2 

12.1 

12.3 

14.9 

D 

13  days  in  ice.  Slightly  stale 

15.4 

13.2 

12.8 

19.9 

19.1 

17.4 

22.4 

21.1 

18.3 

9.7 

14.4 

20.6 

19.6 

17.7 

14.6 

23.8 

18.7 

,  . 

19.6 

16.7 

22.7 

15.4 

17.4 

18.1 

22.8 

22.8 

Av. 

17.2 

11.6 

13.6 

20.3 

20.2 

17.6 

17.9 

22.5 

E 

16  days  in  ice.  Stale 

18.3 

18.6 

21.7 

19.9 

23.0 

19.5 

27.4 

27.7 

20.3 

16.9 

19.7 

21.1 

22.7 

19.8 

22.4 

27.5 

24.4 

20.0 

22.8 

18.8 

20.1 

27.6 

Av. 

21.2 

18.1 

20.7 

20.5 

22.9 

19.7 

23.3 

27.6 

F 

17  days  in  ice.  Very  stale  to 

91.0 

26.4 

27.1 

30.4 

33.5 

30.9 

17.7 

38.6 

slightly  putrid 

34.0 

17.6 

29.0 

30.8 

33.3 

30.8 

17.2 

39.0 

21.7 

36.8 

Av. 

48.9 

22.0 

28.1 

30.6 

33.4 

30.9 

17.5 

38. 1 

a  Each  determination  reported  was  started  from  beginning  of  sampling  and  was  carried  out  separately,  so  that  differences  in  results  are  due  to  combined 
sampling  errors,  errors  in  separations,  and  titration  errors. 
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stored  in  ice  a  more  gradual  deterioration  took  place.  After 
6  days  the  fish  were  still  fresh,  but  after  10  days,  although  not  at 
all  stale,  they  had  developed  a  slightly  sweet  odor.  After  13 
days  in  ice  the  fish  were  slightly  stale.  Corresponding  increases 
in  volatile  base  content  were  found  with  both  lots  of  fish,  and 
larger  or  smaller  increases  were  obtained  by  all  the  methods  of 
analysis. 

SAMPLING  METHODS 

Errors  due  to  sampling  methods  would  be  most  apparent  as 
poor  precision  when  several  determinations  were  run  on  the  same 
lot  of  fish.  Of  the  five  sampling  methods  used,  outstandingly 
high  reproducibility  was  obtained  by  use  of  the  "liquidizer”. 
Precision  was  uniformly  high  by  this  method,  and  there  can  be 
little  doubt  but  that  of  the  methods  tried  it  gives  by  far  the  most 
homogeneous  sample,  which  is  also  readily  adaptable  to  sub¬ 
sequent  steps  of  the  determination. 

Use  of  press  juice,  while  simpler  and  somewhat  less  time- 
consuming  than  the  use  of  the  liquidized  sample,  gave  very  poor 
precision  especially  when  working  with  stale  samples.  This  is 


believed  to  be  caused  by  the  tendency  of  press  juice  from  such 
samples  partially  to  solidify  when  made  alkaline.  Leaching 
the  fish  by  stirring  the  flesh  (previously  ground  in  a  meat  grinder) 
with  several  portions  of  60%  ethanol  gave  good  precision;  this 
method  is  very  time-consuming,  but  can  be  used  if  a  liquidizer 
is  not  available. 

METHODS  OF  REMOVING  VOLATILE  BASE 

In  preliminary  tests  the  three  methods  of  separating  volatile 
base  gave  good  precision  when  used  on  pure  solutions  in  absence 
of  fish.  Errors  occurring  in  the  presence  of  fish  were  due  largely 
to  decomposition  of  protein,  or  other  nitrogenous  compounds, 
such  as  trimethylamine  oxide  during  the  separation  from  the 
alkaline  solution.  The  results  obtained  did  not  indicate  any 
outstanding  advantage  for  any  one  method  in  all  cases. 

Microdiffusion.  This  procedure  has  two  advantages. 
First,  it  is  convenient,  especially  with  respect  to  saving  in  time, 
since  many  tests  can  be  run  simultaneously  and  little  attention 
is  required  during  the  separation.  The  second  advantage  lies 
in  the  low  temperature  which  can  be  maintained  during  separa- 


Table  II.  Individual  Determinations  and  Averages  for  Tertiary  Volatile  Base  in  Silver  Salmon11 

Milligrams  of  Nitrogen  per  100  Grams  of  Fish  or  per  100  Milliliters  of  Press  Juice 


Sample 

No. 


B 


Storage  Conditions  of  Fish 
Fish  4  hours  out  of  water. 
Fresh 


1  day  at  room  temperature. 
Fresh 


2  days  at  room  temperature. 
Slightly  stale 


3  days  at  room  temperature. 
Very  stale 


4  days  at  room  temperature. 
Putrid 


3  days  in  ioe.  Fresh 


6  days  in  ice.  Fresh 


10  days  in 
sweet  odor 


ice.  Slightly 


13  days  in  ioe.  Slightly  stale 


15  days  in  ioe.  Stale 


17  days  in  ioe.  Very  stale 
to  slightly  putrid 


Av. 


Av. 


Ay. 


Av. 


Av. 


Av. 


Av. 


Av. 


Av. 


Av. 


Av. 


- -Microdiffusion - 

Leached 

Liquidized 

—  —  Distillation  > 

Leached  Liquidized 

— ■  ■  Aerai 

Suspended 

Dion - v 

Protein  free 

with  60% 

with  60% 

with  60% 

with  60% 

in  water 

Liquidized 

Press  juice 

press  juice 

ethanol 

ethanol 

ethanol 

ethanol 

(A.O.A.C.) 

0.00 

0.23 

0.00 

0.13 

0.00 

1.00 

0.21 

0.51 

0.00 

0.00 

0.04 

0.10 

0.00 

1.10 

0.21 

0.51 

0.30 

0.21 

0.51 

0.10 

0.12 

0.02 

0.12 

0.00 

1.06 

0.21 

0.51 

0.27 

0.00 

143 

0.17 

1.21 

0.70 

0.39 

0.22 

0.00 

0.38 

1.05 

0.10 

0.72 

0.67 

0.29 

0.73 

0.00 

0.70 

.  .  . 

0.34 

0.44 

0.64 

#  , 

0.77 

.  .  . 

0.23 

0.19 

1.09 

0.14 

0.85 

0.69 

0.34 

0.46 

3.6 

1.75 

4.3 

2.3 

8.2 

8.1 

5.2 

9.4 

3.2 

4.2 

4.2 

2.2 

8.2 

8.7 

6.4 

9.2 

2.7 

2.3 

8.2 

8.6 

4.4 

9.7 

.  . 

2.4 

3.17 

2.98 

4.25 

2.3 

8.2 

8.4 

5.0 

9.4 

9.5 

4.1 

6.6 

3.5 

13.4 

13.3 

5.1 

11.9 

6.8 

2.5 

6.9 

3.5 

12.4 

13.8 

5.1 

11.7 

0.73 

3.7 

12.7 

13.3 

12.1 

3.7 

3.8 

.  .  . 

6.5 

6.4 

3.3 

6.75 

3,62 

12.8 

13.5 

6.1 

11.9 

12.4 

6.1 

8.0 

3.9 

15.3 

14.7 

6.5 

13.8 

10.9 

4.1 

8.6 

3.8 

15.4 

14.2 

8.2 

13.4 

8.3 

3.9 

11.1 

8.0 

4.0 

.  .  • 

9.9 

5.1 

8.25 

3.9 

15.4 

14.5 

8.6 

13.5 

0.26 

0.00 

0.12 

0.25 

0.61 

1.00 

0.40 

0.31 

0.32 

0.78 

0.00 

0.28 

0.61 

1.30 

0.49 

0.31 

0.75 

0.07 

0.42 

0.40 

.  .  . 

0.05 

0.30 

.  .  . 

.  .  . 

0.44 

0.39 

0.06 

0.16 

0.49 

1.15 

0.43 

0.31 

0.88 

0.50 

0.60 

0.35 

1.30 

1.30 

0.45 

1.14 

0.20 

0.45 

0.60 

0.38 

1.30 

1.05 

0 . 45 

1 . 14 

0.22 

1.30 

. .  . 

. .  . 

1.11 

. . . 

0.43 

0.48 

0.60 

0.37 

1.25 

1.18 

0.45 

1.14 

0.90 

0.28 

0.80 

0.80 

2.00 

2.3 

1.29 

1.87 

0.83 

3.2 

0.70 

0.70 

2.00 

2.1 

1.24 

1.87 

0.25 

1.38 

.  . 

1.97 

0.58 

.  . 

.  . 

•  .  . 

1.55 

0.82 

1.62 

0.75 

0.75 

1.99 

2.2 

1.27 

1.87 

3.3 

2.4 

3.6 

1.28 

6.8 

5.2 

4.2 

6.9 

1.5 

3.3 

3.0 

1.25 

5.0 

5.3 

4.0 

6.7 

1.7 

6.0 

3.8 

6.1 

3.9 

4.8 

4.3 

6 . 5 

.  .  . 

5.9 

2.94 

2.85 

3.3 

1.27 

6.2 

5.26 

4.0 

5.0 

4.5 

3.6 

2.2 

5.3 

6.7 

6.3 

7.4 

1.49 

2.0 

4.5 

5.8 

5.0 

1.67 

6.0 

7.0 

6.6 

7.6 

7.4 

5.8 

.  , 

. . . 

4.5 

3.76 

4.93 

4.3 

1.93 

5.7 

6.85 

6.45 

7.4 

7  8 

8.2 

7.1 

2.4 

12.1 

10.5 

6.4 

9.7 

6.4 

3.3 

7.8 

7.0 

2.6 

12.0 

10.9 

7.6 

6.9 

9.9 

6.0 

.  .  . 

9.8 

,  5.87 

8.0 

7.05 

2.45 

12.1 

10.7 

6.9 

o  beginning 

of  sampling  and  carried  out  separately,  so 

that  differences  in  results  are 

due  to  combined  sampling 

errors,  errors  in  separations,  and  titration  errors. 
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tion,  which  assures  a  minimum  decomposition  of  nitrogenous 
compounds. 

Disadvantages  are  a  lack  of  high  precision,  necessity  of  special 
equipment,  and  the  need  for  great  care  in  cleansing  glassware 
and  in  making  titrations.  The  lack  of  precision  is  due  to  errors 
in  titration  which  occurred  even  when  using  a  microburet  be¬ 
cause  of  the  very  small  sample  size.  A  fairly  high  dilution  of  the 
fish  is  required  if  a  liquidizer  is  employed,  owing  to  the  relatively 
large  volume  of  liquid  needed  to  operate  this  equipment.  In 
practice  it  was  found  that  a  concentration  of  fish  corresponding 
to  only  about  150  grams  per  liter  could  be  prepared  and  only 
0.3  gram  of  fish  is  present  when  2  ml.  of  this  solution  are  used. 
With  fresh  samples  having  low  volatile  base  content,  such  a  small 
sample  impairs  precision. 

Distillation.  Standard  Kjeldahl  distillation  apparatus  can 
be  used,  results  can  be  obtained  in  a  very  short  time,  and  very 
high  precision  is  readily  obtained,  owing  to  the  larger  fish  sample 
used  (up  to  40  grams  per  titration). 

Disadvantages  include  the  necessity  of  watching  the  distilla¬ 
tions  to  prevent  foaming,  and  the  high  results  obtained  for  the 
tertiary  volatile  base  determinations  -where  values  up  to  ten 
times  as  high  as  by  the  other  procedure  were  found  with  fresh 
samples.  The  distillation  procedure  seems  to  be  most  suitable 
for  determining  total  volatile  base  but  it  cannot  be  used  for  deter¬ 
mining  the  tertiary  bases  unless  allowance  is  made  for  the  higher 
results  obtained,  especially  with  fresh  fish. 

Aeration  Procedure.  Aeration  is  carried  out  at  room  tem¬ 
perature,  so  that  a  minimum  of  decomposition  of  nitrogenous 
constituents  takes  place.  However,  since  no  attempt  is  made 
to  remove  such  nitrogenous  material  as  is  done  with  the  other 
methods,  even  a  slight  decomposition  of  the  large  concentration 
of  these  interfering  substances  may  be  more  serious  than  in  the 
other  methods.  This  method  has  the  advantage  of  requiring  a 
minimum  of  time  to  prepare  the  sample,  since  the  centrifuging 
and  washing  steps  are  eliminated.  Disadvantages  include  use 
of  special  equipment,  long  aeration  time,  and  need  for  constant 
attention  during  aeration  to  prevent  clogging  of  the  aeration 
tubes.  This  method  is  rather  cumbersome  and  is  not  recom¬ 
mended,  although  reasonably  precise  results  are  obtained. 

RECOMMENDED  PROCEDURE 

Forty  grams  of  fish  are  placed  in  a  liquidizer  (preferably  with 
a  tight-fitting  lid)  with  100  ml.  of  60%  ethanol  and  mixed  for 
5  minutes.  The  contents  of  the  liquidizer  are  transferred 


quantitatively  to  a  250-ml.  centrifuge  bottle,  using  60%  ethanol 
as  wash  solution,  centrifuged  for  10  minutes,  and  decanted  into 
a  250-ml.  volumetric  flask.  The  solids  in  the  centrifuge  bottles 
are  stirred  with  25  ml.  of  60%  ethanol,  centrifuged,  and  de¬ 
canted  into  the  volumetric  flask,  and  the  washing  and  centrifug¬ 
ing  repeated  with  a  second  25  ml.  The  volume  is  made  up  with  i 
60%  ethanol. 

For  the  tertiary  volatile  base  determination,  a  2-ml.  aliquot  is 
pipetted  into  the  outer  section  of  a  Conway  dish,  2  ml.  of  neutral 
formalin  solution  are  added,  1.00  ml.  of  0.005  N  hydrochloric 
acid  is  pipetted  into  the  center  dish,  and  then  with  the  lid  in  place 
except  for  a  small  opening  for  the  pipet,  1  ml.  of  saturated  po¬ 
tassium  carbonate  solution  is  added  from  the  quick-draining 
pipet.  The  lid,  previously  well  greased  at  the  ground-glass 
section,  is  quickly  slid  into  place,  the  contents  of  the  dish  are 
mixed  by  a  slight  rotary  motion,  and  the  dish  is  incubated  for 
3  hours  at  40°  C.  Blanks  are  run  simultaneously  in  exactly  the 
same  way  except  for  substituting  2  ml.  of  60%  ethanol  for  the 
fish  solution.  After  incubation  the  excess  acid  is  titrated,  using 
a  microburet  and  a  mixed  indicator,  either  methyl  red-methyl¬ 
ene  blue  or  methyl  red-bromo  cresol  green.  The  indicator 
solution  should  first  be  adjusted  to  the  neutral  point  by  the  ad¬ 
dition  of  dilute  acid  or  alkali.  Determinations  should  be  carried 
out  in  triplicate. 

The  same  procedure  can  be  used  for  determining  total  volatile 
base  except  for  the  omission  of  added  formalin,  and  use  of  1.00 
ml.  of  0.020  N  acid  in  the  center  of  the  Conway  dish.  However, 
the  following  distillation  procedure  is  preferred  by  the  authors 
because  of  the  advantages  previously  mentioned: 

The  contents  of  the  volumetric  flask  (after  aliquots  for  tertiary 
volatile  base  have  been  withdrawn)  are  transferred  to  a  500- 
ml.  Kjeldahl  flask  and  4  glass  beads  and  5  grams  of  powdered 
borax  are  added.  The  flask  is  quickly  connected  to  the  dis¬ 
tillation  equipment  and  100  ml.  of  distillate  are  collected  in  50 
ml.  of  0.05  Ar  hydrochloric  acid.  If  great  difficulty  should  be 
encountered  with  foaming,  as  sometimes  occurs  with  very  stale 
samples,  a  few  drops  of  caprylic  alcohol  may  be  added,  but  an 
excess  should  be  avoided.  A  blank  should  be  run  simultane¬ 
ously,  using  60%  ethanol  in  place  of  fish  solution.  Excess  acid 
in  the  distillate  is  titrated  with  standard  alkali,  using  methyl  red 
as  an  indicator. 
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Polarographic  Use  of  Organic  Reagents 

Magnesium  with  8-Hydroxyquinoline 

K.  G.  STONE  AND  N.  HOWELL  FURMAN,  Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


CARRUTHERS  (2)  has  described  a  polarographic  method  for 
the  determination  of  magnesium  by  reduction  of  the  8- 
hydroxyquinoline  in  a  phosphate  buffer  solution  of  the  precipi¬ 
tated  magnesium  inner  complex  salt.  The  present  work  is  con¬ 
cerned  with  the  determination  of  magnesium  by  polarographic 
measurement  of  the  excess  8-hydroxyquinoline  without  removing 
the  precipitate  and  avoids  the  difficulties  which  arise  from  the 
necessity  for  filtration. 

APPARATUS  AND  MATERIALS 

A  Leeds  &  Northrup  Electrochemograph  equipped  with  the 
cell  arrangement  described  by  Furman,  Bricker,  and  Whitesell 
(3)  was  used  for  the  polarographic  measurements.  The  work  was 
done  at  room  temperature  (23°  to  26°  C.). 


8-Hydroxyquinoline  obtained  from  Paragon  Testing  Labora¬ 
tories  was  recrystallized  three  times  from  ethanol-water  mixtures.  ! 
The  standard  solution  contained  0.5  gram  per  liter  in  5%  ethanol.  ; 

The  ammonia-ammonium  chloride  buffer  (0.25  M  in  total 
ammonia,  ammonium  chloride  approximately  0.036  M)  was 
made  from  polarographically  pure  ammonium  chloride  and  c.p. 
ammonium  hydroxide  and  was  adjusted  to  pH  10  with  a  Leeds  & 
Northrup  pH  meter. 

A  standard  magnesium  solution  (100  mg.  per  liter)  was  made  i 
by  dissolving  the  appropriate  amount  of  magnesium  metal  con-  i 
taining  0.1%  maximum  impurity  in  the  smallest  amount  of  i 
0.01  M  hydrochloric  acid  and  diluting  the  solution  to  the  proper  i 
volume. 

Other  chemicals  used  were  of  analytical  reagent  grade  tested  i 
for  magnesium.  In  most  cases  it  was  absent. 

The  capillary  had  the  following  characteristics:  m  —  0.6695  f 
mg.  per  second,  t  =  4.55  seconds  at  1.0  volt  against  the  satu- 
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A  method  for  the  determination  of  magnesium  by  the  polaro- 
.raphic  estimation  of  the  excess  8-hydroxyquinoline  left  after 
,recipitation  of  the  magnesium  salt  is  reported.  The  only  ma|or 
nterfering  cation  which  is  common  is  titanium.  The  solubility  of 
nagnesium  8-hydroxyquinolate  in  ammonia-ammonium  chloride 

auffer  of  pH  10  is  1.9  X  lO"6  mole  per  liter.  The  method  can  be 
applied  to  estimation  of  magnesium  in  water  and  plant  materials. 


rated  calomel  electrode  (S.C.E.)  in  the  buffer  solution;  the  head 
of  mercury  was  41.9  cm.  Oxygen  was  removed  by  passing  puri¬ 
fied  nitrogen  through  the  solution  for  15  minutes.  All  polaro- 
grams  were  taken  at  7  in  sensitivity  unless  otherwise  indicated. 

METHOD 

The  method  is  based  on  the  decrease  in  wave  height  of  a  given 
concentration  of  8-hydroxyquinoline  by  the  precipitation  of  part 
of  it  by  magnesium  in  a  buffered  solution  at  pH  10  without  re¬ 
moval  of  the  precipitate. 

Tn  all  this  work  25-ml.  volumetric  flasks  were  used,  unless  some 
other  size  is  indicated.  Five  milliliters  of  the  standard  8-hy¬ 
droxyquinoline  solution  and  10  ml.  of  the  butter  were  placed  m 
the  flask.  For  the  original  concentration,  the >  flask  was  fiUedto 
the  mark  mixed  well,  and  the  polarogram  taken.  I  or  the  pre 
cinitation  a  given  amount  of  the  standard  magnesium  solution 
or  of  the  unknown  was  added  to  the  buffer  and  8-hydroxyquino- 
line  in  the  flask.  The  flasks  were  filled  to  the  mark,  mixed  w  ell, 
and  shaken  at  frequent  intervals  for  1  to  2  hours,  depending  on 
the  amount  of  magnesium.  The  polarogram  was  then  taken 
Figure  1  shows  the  character  of  the  wave  when  the  amount  of 
magnesium  changes  with  the  same  original  concentration  of  8- 
hydroxyquinoline  in  each  case. 

The  polarogram  consisted  of  two  waves  (Figure  2).  The  first 
wave  had  an  Eu*  =  1-39  volt  vs.  S.C.E.  which  did  not  shift  ap¬ 
preciably  with  concentration  in  the  range  under  consideration. 
The  second  wave  had  an  E1/2  =  1-61  volts  vs.  S.C.E.  s 
half-wave  potential  shifted  slightly  with  concentration  and  also 
considerably  with  slight  changes  in  pH  and  so  was  not  investi¬ 
gated  further.  The  height  of  the  wave  that  had  E 1/2  -  1-^9 
volt  was  proportional  to  the  concentration,  as  Table  I  shows. 
The  decrease  in  wave  height  due  to  precipitation  by  the  magne¬ 
sium  was  proportional  to  the  amount  of  magnesium  present,  and 
gave  a  straight-fine  calibration  curve  between  5  and  200  micro¬ 
grams  of  magnesium  in  the  25-ml.  volumes  used. 

SOLUBILITY  OF  MAGNESIUM  8-HYDROXYQUINOLATE 

A  small  amount  of  moist  magnesium  8-hydroxy- 
quinolinate  prepared  by  precipitation  111  the  usual  way 
was  washed  with  dilute  ammonia  and  water  until  the 
washings  were  free  of  chloride  and  were  colorless  Ten 
milliliters  of  the  buffer  were  diluted  to  25  ml.  and 
saturated  by  intermittent  shaking  lor  12  hours  in  con¬ 
tact  with  some  of  the  moist  preparation.  A  polarogram 
was  taken  at  Vs  sensitivity  The  wave  height  corre¬ 
sponded  to  a  concentration  of  1.9  X  10  mole  per  htc 
of  magnesium  8-hydroxyqumofinate,  which  “  < equaj to 
46  micrograms  of  magnesium  per  liter.  The  maximu 
error  due  to  the  solubility  of  the  precipitate  is  1  micro 
gram  of  magnesium  in  25  ml.  Tins  error  is  in  general 
smaller  because  of  the  decrease  of  the  solubility  of  the 
precipitate  due  to  the  excess  of  8-hydroxyquinoline. 

Interferences:  Lundell  and  Hoffman  (5)  fist  the 
cations  precipitated  by  8-hydroxyquinoline.  Any 
cations  that  are  precipitated  under  the  conditions  used 
will  interfere  and  must  be  removed  or  converted  into 
complexes  which  are  not  precipitated.  Electrolysis 
with  the  Melaven  cell  (5,  6)  removes  the  common 
interfering  ions  except  aluminum,  titanium,  and 
calcium.  25  to  50  mg.  of  ammonium  tartrate  will 
keep  in  solution  150  micrograms  of  aluminum  in 
the  25-ml.  volumes  used.  No  reagent  was  found  that 
would  keep  titanium  in  solution;  this  must  be  re¬ 


moved  by  precipitation  as  the  hydroxide  when  present.  Calcium 
can  be  tolerated  in  amounts  up  to  0.5  mg.  in  25  ml.  with  no  inter¬ 
ference. 

DETERMINATION  OF  MAGNESIUM  IN  TAP  WATER 

The  tap  water  available  is  the  type  obtained  from  limestone 
and  dolomite  beds.  The  iron  content  is  low  (0.6  p.p.m.)  and 
with  the  size  of  sample  taken  causes  no  interference. 

Procedure:  Fifty  milligrams  of  ammonium  tartrate  were 
dissolved  in  10  ml.  of  the  buffer  and  5  ml.  of  the  standard  8-hy¬ 
droxyquinoline  solution  were  added.  A  5-ml  sample  of  the  w ater 
was  added  and  diluted  to  the  mark.  After  2  hours  shaking  and 
standing,  the  polarogram  was  taken.  The  results  are  shown  in 
Table  II. 

DETERMINATION  OF  MAGNESIUM  IN  PLANT  MATERIALS 

Samples  of  tobacco  obtained  from  the  Connecticut  Agricul¬ 
tural  Experimental  Station  and  of  dried  pine  seedling  cuttings 
obtained  from  Ray  Dawson  of  the  Biology  Department,  Prince¬ 
ton  University,  were  analyzed. 

Procedure:  Samples  were  dried,  ashed,  and  dissolved  in  di¬ 
lute  sulfuric  acid.  The  resulting  solution  was  electrolyzed  with 
the  Melaven  cell  and  filtered  to  remove  the  small  amount  of 
black  precipitate  due  to  the  manganese.  The  filtrate  was  made 
up  to  some  standard  volume  and  an  aliquot  taken  such  that  abou 
100  micrograms  of  magnesium  were  present  The  procedure  as 
for  water  determination  was  followed  ( I  able  ill; . 

DISCUSSION 

The  strength  of  the  standard  8-hydroxyquinoline  solution  is 
not  too  critical,  but  0.5  gram  per  liter  fits  the  procedure  best. 


Table  I.  Constancy  of  /,,/c  with  C  for  8-Hydroxyquinoline 


C, 

Moles/ Liter  X  104 

0.276 

0.552 

0.690 

1.379 

2.070 

2.758 


Id,  Microamperes, 
Corrected  for  It 

0.28 

0.56 

0.70 

1.38 

2.08 

2.76 


Id/c 

1.01 
1.01 
1.01 
1.00 
1.01 
1.00 
Av.  1.01 


Table  II.  Analysis  of  Tap  Water 

Magnesium  Present,  P.P.M. 

Polarographic  Colorimetric  U)  Gravimetric’  (1) 

5.2  5 

a  Weighed  as  magnesium  8-hydroxyquinolinate. 
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Table  III. 

Sample  No. 


Determination  of  Magnesium  in  Plant  Materials 

Weight  of  Sample  MgO  Found  MgO  Reported0 


Oram. 


1 

1 

2 

2 

3 

4 
4 


0 . 2020 
0.1987 
0. 1959 
0.2045 
0.2318 
0.1898 
0.1950 


Tobacco 


% 


% 


1.15 
1  17 
1.45 
1.39 
1.58 
1.76 
1.70 


1.24 

1.54 


1.59 

1.70 


Vol.  16,  No. 

polajographically  but  at  the  present  time  the  decompositio 
products  are  not  known. 

The  precipitation  has  to  be  earried  out  at  room  temperatui 
because  ammonium  8-hydroxyquinolate  is  too  volatile  even  a 
b0  C.  Ammonium  tartrate  has  no  effect  on  either  /,  or  Id  an 
hence  the  calibration  data  are  good  for  solutions  containing  m 
amounts  of  tartrate. 


0.126 


Pine  Seedling  Cuttings 
0.3360  0  14 

0.3437  0  14 

0.3769  o'.  12 

pyroph8o^pheatte.mined  ^  gra"metric  reparation  and  determination  of  Mg  as 
6  Spectroscopic  value.  Sample  Cala  (7). 
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NOTE  ON  ANALYTICAL  PROCEDURE 


Um  of  ,  Color  Indicator  in  the  Tannin  Mnthod  for  Determination 

of  Beryllium  and  Aluminum 

GEO.  W.  SEARS  and  HELEN  GUNG 
Department  of  Chemistry,  University  of  Nevada,  Reno,  Nevada 

THE  accuracy  of  the  tannin  method,  as  modified  by  Nichols 
and  Schempf  (*),  for  the  separation  and  determination  of 
beryllium  and  aluminum  depends  on  an  accurate  control  of  the  pH 
during  precipitation  of  the  aluminum.  The  only  means  now 
available  for  obtaining  this  control  is  the  pH  meter,  an  instru¬ 
ment  very  difficult  to  obtain  at  the  present  time.  Because  of  the 
strategic  importance  of  these  metals  a  search  for  a  suitable  color 
indicator  seemed  advisable. 


In  order  to  determine  the  value  of  this  mixed  indicator  in  th 
analysis  a  series  of  determinations  was  made  on  a  solution  mb 
ture  of  aluminum  and  beryllium  sulfates  of  known  concentratior 
the  results  of  which  are  shown  in  Table  I. 

Although  in  each  analysis  the  Beckman  pH  reading  was  taken 
no  further  adjustment  of  the  acidity  was  made.  The  accurac 
obtained  compares  favorably  with  that  of  Nichols  and  Schempf. ' 


Table  1. 

Use  of  Color  Indicator 

in  Analysis 

(1) 

(AI2O3  taken,  0.0743  gram; 
Beckman 

BeO  taken,  0.0753  gram) 

(2) 

No. 

X,  PH 

Reading 

AbOa 

Obtained 

Error 

BeO 

Obtained 

Gram 

Mg. 

Gram 

Mg. 

1 

2 

3 

4 

5 

4.50 

4.58 

4.68 

4.69 
4.62 

0 . 0747 
0.0747 
0.0748 
0.0745 
0.0743 

+  0.4 
+  0.4 
+  0.5 
+  0.2 
±0.0 

0 . 0750 
0.0752 
0.0748 
0.0758 
0.0750 

-0.3 
-0.1 
-0.5 
+  0.5 
-0.2 
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Of  the  numerous  indicators  tried,  a  mixture  of  1  drop  of  methyl 
dd™ps  of  bromocresol  green  (0.1%  solutions)  per  500  ml. 
of  the  buffer  solution  prescribed  by  Nichols  and  Schempf,  was 
ound  satisfactory  if  the  color  change  is  approached  from  the 
basic  side  as  described  below.  To  the  solution,  diluted  to  500  ml 
and  containing  the  buffer  and  indicators,  ammonia  (1  to  1)  is 
added  until  the  solution  assumes  a  blue-green  color,  indicating  a 
pH  well  above  5.  Dilute  (6  N)  sulfuric  acid  is  then  added  slowly 
and  wffh  constant  stirring.  The  following  color  changes  are 
noted:  blue-green,  blue,  purple,  reddish  purple,  red.  The  first 
appearance  of  the  reddish  purple  was  found  to  coincide  very 
closely  with  a  pH  of  4.6,  the  pH  necessary  for  the  complete  sepa¬ 
ration  of  the  two  metals.  The  color  change  is  definite  and  easily 
distinguished  If  desired,  however,  it  may  be  checked  against 
the  Clark  and  Lubs  buffer  mixture  (1 )  having  a  pH  of  4.6. 


Fifteen-Year  Collective  Index  for 
Analytical  Edition 


A  fifteen-year  collective  index  of  the  Analytical  Edition  of 
Industrial  and  Engineering  Chemistry,  complete  through  1943  is 
being  prepared  by  Charles  L.  Bernier,  associate  editor  of  Chemical 
bstracts,  with  the  expectation  of  being  able  to  issue  it  early  in  1945, 
as  a  pamphlet  of  the  same  page  size  as  regular  issues  of  the  Analyti¬ 
cal  Edition,  if  sufficient  paper  for  printing  can  be  obtained. 

Both  subject  and  author  indexes  are  to  be  included,  following  in 
general  the  praotice  of  Chemical  Abstracts,  but  with  certain  varia¬ 
tions  suggested  by  the  special  nature  of  this  analytical  index. 

Present  plans  contemplate  furnishing  copies  of  the  index  at  a 
nominal  price  to  any  subscriber  to  the  Analytical  Edition  who 
places  his  order  before  publication,  and  selling  copies  after  that  time 
at  a  somewhat  higher  price.  At  present  no  definite  price  can  be 
quoted,  as  it  will  depend  somewhat  upon  the  number  of  copies 
printed  It  will  be  very  helpful  if  those  wishing  to  receive  the  index 
will  notify  Walter  J.  Murphy,  Editor,  1155  Sixteenth  St.,  N.  W. 
Washington  6,  D.  C.,  preferably  prior  to  October  1. 


INDUSTRIAL  and  ENGINEERING  CHEMISTRY 


A  Needed  Improvement  in  Baking  Control  Methods  For 

Organic  Finishes 

STUART  GRAVES,  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  Philadelphia,  Pa. 


Numerous  variables,  as  discussed,  introduce  large  errors  in  the  con¬ 
trol  of  short-time  organic  enamel  baking  operations.  A  relatively 
simple  baking  control  method  is  described  which  compensates  for 
these  variables  and  gives  comparable  enamel  film  properties  under 
widely  varying  baking  conditions.  It  is  based  on  enamel  film  or 
metal  temperature  determinations  and  the  calculation  of  consequent 
reaction  velocity.  An  instrument  is  also  described  which  auto¬ 
matically  makes  the  necessary  temperature  measurments  and  cal¬ 
culations,  and  continuously  indicates  the  percentage  completion  of 
the  baking  operation,  according  to  predetermined  standards. 

THE  introduction  during  recent  years  of  industrial  organic 
finishes  designed  to  bake  at  short,  relatively  high-tempera¬ 
ture  schedules  emphasizes  the  need  for  more  accurate  methods 
of  controlling  baking  operations.  The  long-established  method  of 
placing  the  metal  to  be  baked  in  an  oven,  set  at  a  given  tempera¬ 
ture,  for  a  predetermined  period  of  time  gives  satisfactory  results 
when  the  baking  time  is  in  the  order  of  one  hour  or  longer.  How¬ 
ever,  in  the  case  of  appreciably  shorter  bakes,  for  which  higher 
temperatures  are  employed,  serious  variations  are  encountered 
in  the  enamel  film  temperature  resulting  from  variables  which 
ire  difficult  or  impossible  to  control.  These  variables  include 
leating  characteristics  of  the  oven,  mass  of  material  in  the  oven, 
mass-surface  area  relationship  of  the  painted  ware,  etc.  They 
ill  have  an  effect  on  the  baking  speed  of  the  enamel  film  and  re¬ 
sult  in  serious  variations  in  the  properties,  such  as  color,  hardness, 
water  resistance,  and  durability  of  films  baked  according  to  pre¬ 
determined  time-oven  temperature  schedules. 

Experimental  evidence  shows  that  the  speed  of  curing  or  poly¬ 
merization  of  an  organic  enamel  film,  like  the  speed  of  other  chem¬ 
ical  reactions,  is  a  function  of  temperature.  Furthermore,  there 
is  ample  evidence  to  indicate  that  the  temperature  of  an  enamel 
aim  on  a  metalsubstrate  fol- 
ows  very  closely  the  tem- 


tion  of  the  temperature  of  the  paint  film.  Such  a  measurement 
can  be  made  with  a  contact  thermocouple. 

A  copper-constantan thermocouple  junction  is  brazed  directly  to 
the  sample  of  ware  to  be  baked,  or,  for  the  sake  of  simplicity  it  can 
be  brazed  to  a  square  of  thin  sheet  copper  which  is  then  clamped  to 
the  face  of  the  painted  metal  sample  in  such  a  way  that  it  is  in  in¬ 
timate  contact  with  the  surface.  A  section  of  the  sample  is  first 
wiped  clean  of  the  wet  paint  film.  If  the  clamp  is  light  in 
weight  and  if  it  is  insulated  from  the  metal  with  asbestos  cloth, 
its  added  mass  will  not  influence  the  temperature  measurements 
appreciably,  and  any  error  by  comparison  with  the  former 
method  of  brazing  directly  to  the  metal  object  will  be  negligible. 
The  temperature  measurements  are  made  by  means  of  an  ordinary 
laboratory  potentiometer  with  a  scale  reading  directly  in  degrees 
Fahrenheit. 

Employing  such  a  means  of  determining  the  temperature  of 
the  metal  and  of  the  paint  film,  a  curve  has  been  plotted  (A,  Figure 
1)  which  shows  the  temperature-time  relationship  for  a  sample 
of  metal  in  a  laboratory  box-type  oven,  the  air  temperature  of 
which  was  controlled  at  260°  F.  The  sample  consisted  of  6  square 
feet  of  26-gage  sheet  steel  weighing  approximately  4.5  pounds  and 
painted  on  one  side  only.  B  represents  the  temperature  rise  for 
an  equal  area  of  painted  14-gage  steel,  weighing  approximately 
30  pounds,  during  a  second  run  in  the  same  oven.  The  correct 
baking  time  for  the  26-gage  metal  to  give  paint  film  properties 
which  have  been  arbitrarily  set  up  as  standards  for  the  particular 
finish  under  consideration  is  66  minutes.  By  inspection  of  the 
curve  it  is  seen  that,  although  the  14-gage  metal  lags  somewhat 
behind  the  26-gage  for  the  first  20  or  30  minutes,  it  approaches 
very  closely  the  temperature  of  the  latter  for  at  least  60  to 
65%  of  the  baking  time.  As  a  matter  of  fact,  after  66  minutes 
of  baking,  the  color,  hardness,  flexibility,  etc.,  of  the  enamel  film 
on  the  two  metal  samples  are  equal  within  the  experimental 
limits  of  the  testing  methods. 

This  illustrates  the  fact  that  various  weights  of  ware  having 
varying  thicknesses  within  reasonable  limits  can  be  baked  for  a 
predetermined  period  of  time  in  the  neighborhood  of  an  hour  or 
longer  with  little,  if  any,  variation  in  resulting  paint  film  proper¬ 
ties.  In  shorter  baking  op¬ 
erations,  however,  this  is 


oerature  of  the  metal  sur¬ 
face,  regardless  of  the  heat 
gradient  between  the  metal 
md  the  surrounding  air 
oath.  The  metal  is  a  good 
jonductor  of  heat  and  the 
lir is  a  very  poor  one;  hence 
my  heat  gradient  at  the 
oaint  film-metal  interface  is 
quickly  neutralized  because 
the  heat  is  conducted  away 
tom  or  to  the  paint  film  by 
the  metal.  It  follows  that  an 
iccurate  measurement  of 
the  surface  temperature  of 
the  metal  is  also  an  indica- 


not  the  case. 

Curve  A,  Figure  2,  shows 
the  temperature  rise  for 
the  4.5  pounds  of  26-gage 
steel  and  B  represents  that 
for  the  14-gage  in  a  345°  F. 
oven.  The  correct  baking 
time  for  the  light  metal 
in  this  oven  has  been  de¬ 
termined  to  be  about  9 
minutes.  At  the  end  of 
9  minutes  the  heavier 
sheet,  however,  has 
reached  only  285°F.,  and  if 
it  is  removed  from  the 
oven  at  this  time  the 
enamel  film  is  found  to 
be  soft,  and  to  have 
poor  water  resistance  and 
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Figure  2.  Time-Temperature  Relationship 


poor  durability.  As  a  matter  of  fact,  the  30  pounds  of  heavy 
sheet  must  be  baked  about  16  minutes,  or  nearly  twice  as  long, 
to  obtain  standard  properties.  The  paint  film  on  a  30-pound 
metal  casting,  of  small  surface  area,  is  still  tacky  after  the  full 
16  minutes  in  this  oven.  It  must  be  baked  approximately  40 
minutes  or  nearly  four  times  as  long  as  the  26-gage  metal  to  ob¬ 
tain  usable  film  properties. 

It  is  obvious  that  ware  of  varying  thicknesses  cannot  be  baked 
at  the  same  high-temperature  short-time  schedule  without  en¬ 
countering  underbaking  of  the  heavy  pieces  or  overbaking 
with  consequent  poor  color  and  brittleness  of  the  light-weight 
pieces.  This  has  been  demonstrated  in  connection  with  numer¬ 
ous  industrial  applications  where  the  operators  have  established 
the  correct  short  baking  schedule  for  sheet  metal  ware,  only  to 
find  that  heavy  gear  housings  or  other  cast  parts  baked  at  the 
same  time  were  so  badly  underbaked  that  gasoline  used  to  re¬ 
move  grease  after  the  subsequent  assembling  operation  would 
wash  off  the  finish. 

There  are  also  factors  other  than 
the  mass  of  the  metal  which  affect  the 
baking  speed  of  the  finish — for  in¬ 
stance,  dark-colored  bonderited  metal 
sheets  heat  up  much  more  rapidly  than 
bright  steel  because  of  the  heat  re¬ 
flectance  from  the  backs  of  the  latter. 

Enamels  of  varying  colors  have  dif¬ 
ferent  heating  rates  for  the  same 
reasons.  Various  ovens  heat  a  charge 
of  ware  at  varying  rates  because  of 
their  varying  heat  capacities  and  rates 
of  air  circulation.  In  box-type  ovens, 
the  length  of  time  during  which  the 
door  is  open  for  charging  the  oven  has 
a  very  noticeable  effect.  These  varia¬ 
bles  affect  baking  operations  in  all 
temperature  ranges,  but  have  a  much 
greater  effect  on  high-temperature 
bakes. 

DETERMINATION  OF  BAKING  VALUES 

A  method  for  determining  the  prog¬ 
ress  of  an  individual  baking  operation 
which  will  take  into  account  the  ac¬ 
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celeration  or  deceleration  of  the  bake  caused  by  these 
various  external  influences  is  badly  needed. 

Since  the  curing  or  heat  polymerization  of  an  or¬ 
ganic  enamel  film  is  essentially  a  chemical  reaction, 
it  should  be  possible  to  determine  the  relationship 
between  temperature  and  velocity  for  this  reaction, 
and  by  means  of  metal  or  paint  film  temperature 
determinations  to  calculate  the  progress  of  the 
polymerization  reaction  and  determine  the  time  at 
which  it  is  completed. 

The  total  baking  effect  on  paint  film  is  the  sum¬ 
mation  of  the  individual  baking  effects  obtained 
during  short  increments  of  time,  such  as  one  minute, 
the  temperature  during  these  increments  varying 
from  room  temperature  up  to  a  maximum  approach¬ 
ing  or  equaling  the  air  temperature  of  the  oven.  It 
has  been  demonstrated  that  for  the  particular  urea- 
formaldehyde  type  of  industrial  enamel  with  which 
this  work  was  conducted,  the  reaction  velocity  at 
temperatures  below  240°  F.  is  so  low  that  a  minute 
of  time  below  this  temperature  has  a  negligible  baking 
effect,  although  the  threshold  temperature  for  other 
types  of  finishes  might  obviously  be  higher  or  lower. 
In  Figure  3,  the  total  bake  on  the  ware  is  the  sum 
of  the  baking  effect  represented  by  o  and  that 
represented  by  b,  c,  d,  etc.,  each  increment  of  time 
being,  for  the  purpose  of  illustration,  one  minute. 

The  problem  is  now  to  determine  the  baking  value  of  these 
various  increments  or,  in  other  words,  to  determine  the  relation¬ 
ship  between  the  reaction  velocity  and  temperature  for  the  par¬ 
ticular  product  under  consideration.  Assuming  that  the  reaction 
velocity  vs.  temperature  curve  for  the  polymerization  reaction, 
like  that  for  other  chemical  reactions,  is  logarithmic  in  nature,  it 
should  be  possible  to  determine  the  reaction  velocity  at  two  or 
three  relatively  low  temperatures  where  the  baking  time  is  long 
in  comparison  with  the  time  required  to  bring  the  ware  up  to  the 
temperature  of  the  oven,  and  to  extrapolate  with  reasonable  ac¬ 
curacy  to  higher  temperatures.  At  these  low  temperatures  only 
slight  errors  are  introduced  by  the  necessity  of  estimating  the  ef¬ 
fective  starting  time  of  the  baking  operation  at  the  temperature 
under  investigation.  At  the  higher  temperatures,  the  reaction 
may  be  completed  before  the  test  film  reaches  the  temperature 
being  studied. 

Paint  films  have  been  applied  to  very  thin  sheet  metal, 
which  comes  up  to  the  oven  temperature  in  a  relatively  short 


Figure  3 
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TEMPERATURE  ’F. 
Figure  4.  Time-Temperature  Curve 


time,  and  baked  at  241.5°,  252°,  and  264°  F.  until  the  arbitrarily 
selected  standard  film  properties  were  obtained.  By  examining 
the  films  for  these  properties,  the  correct  baking  times  for  these 
temperatures  have  been  determined  to  be,  respectively,  133,  82, 
and  50  minutes.  In  Figure  4  these  values  were  plotted  on  a  log¬ 
arithmic  scale  against  temperature.  As  predicted,  they  lie 
roughly  in  a  straight  line,  the  error  being  well  within  the  limit  of 
error  in  the  method  of  determining  the  reaction  end  point.  The 
extension  of  this  line  represents  the  extrapolation  of  these  points 
to  higher  temperatures. 

For  any  given  temperature  the  reciprocal  of  the  baking  time,  or 
time  in  minutes  required  to  give  a  complete  bake,  multiplied  by 
100,  gives  the  per  cent  of  bake  acquired  in  one  minute  at  that 
temperature.  Figure  5  represents  per  cent  bake  per  minute  vs. 
temperature  as  converted  from  the  baking  time  vs.  temperature 
curve  in  Figure  4.  It  is  plotted  on  a  linear  scale. 

The  curve  was  tested  by  using  it  as  a  guide,  as  described  below, 
in  making  bakes  at  various  temperatures  from  240°  up  to  340°  F. 
At  all  temperatures  comparable  bakes  were  obtained  as  judged  by 
color,  gloss,  and  other  properties  regardless  of  the  oven  loading, 
thickness  of  the  metal,  etc.  The  original  assumptions  concerning 
the  relationship  between  baking  speed  and  temperature,  and 
the  logarithmic  shape  of  the  reaction  velocity  vs.  temperature 
curve  are  shown  to  be  correct.  Occasionally,  when  curves  of  this 
type  are  being  calculated  the  expected  errors  of  extrapolation  are 
encountered,  resulting  in  consistent  over-  or  underbakes  in  the 
high-temperature  range.  In  these  cases  the  slope  of  the  logarith¬ 
mic  curve  must  be  re-established  by  trial  and  error  methods. 

The  curve  in  Figure  5,  then,  provides  a  means  for  integrating 
the  time-temperature  curve  for  a  baking  operation  or,  in  other 
words,  for  summing  up  the  various  baking  values  for  the  1-min¬ 
ute  increments  as  the  bake  proceeds.  The  metal  temperature  is 
determined  every  minute,  converted  by  means  of  Figure  5  to 
per  cent  bake  per  minute,  and  added  to  the  previous  value. 
When  a  total  of  100%  is  reached  the  ware  is  removed  from  the 
oven. 

An  examination  of  Figure  5  reveals  many  of  the  reasons  for  the 


difficulties  previously  encountered  in  controlling  high-tempera¬ 
ture,  short-time  baking  operations.  In  the  range  of  340° 
(metal  temperature)  the  paint  film  is  baking  at  the  rate  of  50% 
per  minute.  In  other  words,  a  1-minute  variation  in  the  time  at 
which  the  ware  is  removed  from  the  oven  gives  a  50%  error  in 
effective  bake.  In  this  temperature  range  a  slump  of  10°  for 
only  1  minute,  due  to  power  failure,  opening  of  the  oven  doors, 
etc.,  will  result  in  a  15  to  20%  decrease  in  effective  bake.  Because 
of  the  number  of  variables  which  affect  baking  operations,  it  is 
common  to  find  variations  of  as  much  as  20°  to  30°  in  metal 
temperature,  during  the  heating  up  period,  from  one  bake  to  the 
next,  seemingly  conducted  under  the  same  conditions.  Figure  5 


TEMPERATURE  *fT 

Figure  5.  Integration  of  Time-Temperature  Curve 
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demonstrates  the  serious  error  in  effective  bake  which  will  result 
from  these  variations.  Attempts  to  control  bakes  by  determining 
air  temperature  result  in  large  errors  because  the  metal  tempera¬ 
ture  lags  considerably  behind  the  air  temperature  and  experience 
has  shown  that  the  magnitude  of  this  lag  is  entirely  unpredict¬ 
able,  especially  when  oven  charges  of  various  weights  per  unit 
area  are  being  handled. 

The  method  of  Controlling  baking  operations  as  described  has 
proved  to  be  foolproof  and  has  resulted  in  consistently  equivalent 
film  properties  on  various  types  of  ware  from  thin  sheet  metal 
to  heavy  castings  baked  under  widely  varying  conditions.  How¬ 
ever,  precautions  must  still  be  taken  against  baking  pieces  of 
varying  weights  per  unit  area  or  varying  colors  during  the  same 
operation. 

Most  of  this  work  has  been  confined  to  a  single  type  of  urea- 
formaldehyde  industrial  enamel  plasticized  with  a  nondrying  oil 
alkyd  resin.  There  is  evidence  available  to  show  that  the  same 
curve  can  also  be  used  with  some  finishes  of  other  types,  including 
other  urea-formaldehyde  resins,  melamine  resins,  phenolics,  etc., 
by  merely  shifting  the  curve  vertically.  However,  it  appears 
that  for  certain  types  of  finishes,  such  as  straight  alkyds,  a  shift 
in  the  slope  of  the  curve  might  be  necessary. 

The  method  could  very  possibly  be  adapted  to  the  control  of 
other  chemical  reactions  such  as  heat  bodying  of  oils. 


AUTOMATIC  INSTRUMENT 

The  method  has  the  obvious  disadvantage  that  it  requires  the 
constant  attention  of  an  operator  who  must  determine  the  tem¬ 
perature  of  the  metal  once  every  minute  or  at  other  suitable  short 
intervals,  convert  to  per  cent  bake  by  means  of  the  curve  or  a 
table,  and  add  the  results.  To  overcome  this  disadvantage,  an 
instrument  has  been  designed  which  does  this  work  automatically. 

The  basis  of  the  instrument  is  a  Brown  recording  potentiom¬ 
eter  pyrometer,  which  determines  the  temperature  of  the  ware 
by  means  of  a  contact  thermocouple  and  indicates  the  tempera¬ 
ture  on  a  horizontal  linear  scale.  In  its  original  form  the  instru¬ 
ment  also  traces  a  time  vs.  temperature  curve  on  a  sheet  of  paper 
moving  at  constant  speed  over  a  revolving  drum.  In  its  revised 
form  the  chart  drum  has  been  replaced  by  another  drum  (B, 
Figure  6)  which  revolves  at  a  constant  speed,  preferably  about 
3.r.p.m.,  although  the  exact  speed  is  immaterial.  The  surface  of 
the  drum  is  replaced  by  a  covering  of  electrically  conducting  ma¬ 
terial,  A,  the  shape  of  which  is  equal  to  that  of  the  temperature 
vs.  per  cent  bake  per  minute  curve  (Figure  5) .  The  temperature 
axis  of  the  curve  is  drawn  to  the  same  scale  as  the  horizontal 
temperature  scale  of  the  potentiometer.  The  per  cent  bake  per 
minute  axis  is  drawn  to  such  a  scale  that,  at  that  temperature  at 
which  the  baking  rate  is  &0%  per  minute  (in  this  case  345°  F.),  it 
equals  the  circumference  of  the  cylinder,  as  is  explained  below. 
The  remainder  of  the  surface  of  the  cylinder  is  constructed  of  non¬ 
conducting  material.  The  original  pen  of  the  instrument  is  re¬ 
placed  by  a  contact  pointer,  C.  An  electric  seconds  timer  is  con¬ 
nected  in  such  a  manner  that  the  electric  circuit  which  operates 
the  timer  is  completed  when  pointer  C  is  in  contact  with  the  con¬ 
ducting  cylinder  covering  A  through  the  brush,  F. 

When  a  baking  operation  is  started,  pointer  C  gradually  moves 
to  the  right  as  the  temperature  of  the  metal  ware  in  the  oven 
rises.  When  the  minimum  effective  baking  temperature,  in  this 
case  240°,  is  reached,  the  pointer  is  in  contact  with  the  conductor 
covering  A  during  a  part  of  the  revolution  of  the  cylinder,  during 
which  time  the  pointer  of  counter  E  moves  a  fraction  of  a  unit. 
At  this  temperature  the  width  of  the  conducting  covering  by  de¬ 
termination  from  the  curve  in  Figure  5  is  such  that  during  every 
minute  of  operation  the  contact  pointer  engages  the  conducting 
covering  Jor  a  total  of  0.773  second;  hence  the  timer  pointer 
moves  0.773  second.  This  value  of  0.773  is  equal  to  the  per  cent 
bake  acquired  by  the  finish  during  1  minute  at  this  temperature. 
As  the  temperature  rises  pointer  C  periodically  measures  off  the 
height  of  the  conducting  segment  of  the  cylinder  and  the  pointer 
of  counter  E  adds  the  resulting  value  to  that  summed  un  pre¬ 
viously.  It  is  seen  by  examination  of  the  diagram  that  at  higher 
temperature  the  conducting  covering  is  wider  and  the  timer 
pointer  moves  a  constantly  increasing  distance  for  each  revolu¬ 
tion  of  the  cylinder. 


Figure  7.  Automatic  Instrument 


At  328°  F.,  for  instance,  the  width  of  the  conducting  covering  is 
equal  to  one  half  of  the  circumference  of  the  cylinder  and  the 
circuit  is  closed  for  one  half  of  the  time  during  each  revolution. 
In  other  words,  the  pointer  adds  up  30  seconds  or  units  during 
each  minute  of  bake,  and  the  finish  is  baking  at  the  rate  of  30% 
per  minute.  The  pointer  of  counter  E,  therefore,  reads  directly 
in  per  cent  bake.  Likewise,  at  345°  F.  the  contact  pointer  engages 
the  conducting  covering  during  the  entire  revolution  of  the  cylin¬ 
der  and  the  timer  pointer  moves  continuously;  the  finish  is 
baking  at  theuate  of  60%  per  minute.  If  at  any  time  during  the 
bake  the  oven  door  is  opened  or  the  power  is  shut  off  so  that  the 
temperature  of  the  metal  drops  off,  the  instrument  will  follow 
this  dip  in  temperature,  since  the  number  of  units  which  the 
counter  pointer  moves  per  unit  of  time  will  also  decrease. 

As  the  bake  proceeds,  it  is  only  necessary  to  glance  periodically 
at  the  pointer.  As  it  approaches  100%  the  ware  is  removed  from 
the  oven. 

In  the  case  of  another  type  of  finish  with  a  faster  baking  speed 
but  whose  per  cent  bake  per  minute  vs.  temperature  curve  has 
the  same  slope,  it  is  necessary  only  to  apply  a  predetermined  fac¬ 
tor,  baking,  for  instance,  to  75%  instead  of  100%.  If  the  curve 
has  a  different  slope,  it  is  necessary  to  construct  an  interchange¬ 
able  cylinder  for  the  instrument.  Cylinders  can  also  be  con¬ 
structed  to  cover  a  wider  range  of  baking  temperatures,  in  which 
case  it  is  necessary  to  make  suitable  alterations  in  the  scale  of 
the  electric  timer  to  agree  with  the  revised  ordinate  of  the  con¬ 
ducting  curve  on  the  cylinder. 

A  photograph  of  the  instrument  is  shown  in  Figure  7. 


Volume  Correction  Factors  for  C4  Hydrocarbon 

Mixtures 

National  Bureau  of  Standards  Letter  Circular  LC-757,  compiled  by 
C.  S.  Cragoe,  presents  in  23  pages  volume  correction  factors  for  C« 
hydrocarbon  mixtures  compiled  at  the  request  of  the  Rubber  Reserve 
Co.  to  supplement  tables  on  pure  hydrocarbons  issued  November  23, 
1943,  to  supply  standard  tables  especially  applicable  to  C4  mixtures 
covering  a  wide  range  of  composition,  to  facilitate  accurate  determina¬ 
tions  of  quantities  bought  and  sold  in  commercial  transactions,  and  to 
supersede  other  less  accurate  tables.  One  of  its  major  objectives  is 
standardization  of  methods  of  correcting  volumes  observed  at  various 
temperatures  to  the  conventional  standard  units  (gallons  at  60°  F. 
in  commercial  transactions  involving  C4  hydrocarbon  mixtures,  par¬ 
ticularly  those  used  in  the  manufacture  of  aviation  gasoline  and 
butadiene.  Copies  are  available  on  request  from  the  National  Bureau 
of  Standards,  Washington  25,  D.  C. 
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ie  presence  of  destructively  distilled  wood  turpentine  in  gum 
•irits,  and  perhaps  also  in  steam-distilled  wood  turpentine,  may  be 
etected  by  aniline  point  tests  on  the  high-boiling  fraction  distilling 
>ove  170°  C.,  described  in  this  paper. 

"OUR  kinds  of  turpentine  are  recognized  under  the  Federal 
[  Naval  Stores  Act— gum  spirits  of  turpentine,  steam-distilled 
ood  turpentine,  sulfate  wood  turpentine,  and  destructively  dis¬ 
hed  wood  turpentine.  The  first  three  are  produced  by  proc- 
ises  in  which  the  oleoresin  from  which  the  terpene  constituents 
■e  derived  is  subjected  to  relatively  low  temperatures  (in  the 
i-esence  of  a  large  amount  of  water  vapor),  whereas  in  the  de- 
ructive  distillation  process  much  higher  temperatures  are  used 
>  effect  the  dry  decomposition  of  the  wood.  These  high  tem- 
iratures  in  the  dry  distillation  process  result  in  the  formation 
various  complex  hydrocarbons  and  oils,  some  of  which  are 
osely  related  to  the  aromatic  or  benzene  hydrocarbons,  and  some 
*e  perhaps  of  unknown  identity. 

Destructively  distilled  wood  turpentine  usually  sells  at  a  price 
dow  the  established  market  price  for  gum  spirits  of  turpentine 
•  steam-distilled  wood  turpentine.  The  price  differentia]  has  at 
mes  induced  unscrupulous  dealers  to  adulterate  gum  spirits 
id  steam-distilled  wood  turpentine  by  adding  small  quantities 
the  destructively  distilled  wood  turpentine.  The  sale  of  mix- 
ires  of  this  kind  in  interstate  commerce  is  injurious  to  commerce 
i  naval  stores  and  prejudicial  to  the  sale  of  pure  turpentine,  and 
therefore  prohibited  by  the  Federal  Naval  Stores  Act.  The 
holesale  price  of  sulfate  wood  turpentine  is  also  usually  below 
lat  of  the  other  two  kinds;  consequently,  its  adulteration 
ould  hardly  be  economically  feasible. 

This  type  of  adulteration  can  usually  be  detected,  especially 
Y  a  person  experienced  in  the  testing  of  turpentine,  because  of 
le  characteristic  odor  of  the  adulterant.  However,  to  provide 
gaily  acceptable  evidence,  the  analyst  needs  some  method  of 
/aluation  based  on  scientific  fact  or  recordable  data — entirely 
(dependent  of  the  personal  element  based  on  a  sensory  observa- 
on — on  which  to  support  his  findings. 

As  indicated  by  the  standard  specifications  under  which  the 
iveral  kinds  of  turpentine  are  produced  and  sold,  destructively 
istilled  wood  turpentine  contains  appreciable  quantities  of  con- 
ituents  distilling  in  the  range  from  170°  to  180°  C.  (1,  4), 
hereas  in  gum  spirits  and  steam-distilled  turpentine  (1,  3) 
hich  consist  chiefly  of  a-  and  d-pinene,  these  higher  boiling  con- 
ituents  are  present  in  only  relatively  small  quantity. 

Another  difference  between  destructively  distilled  and  other 
fpes  of  turpentine  owing  to  the  difference  in  composition,  is  the 
reater  so-called  “solvent  power”  of  the  former.  The  two  most 
jmmonly  used  methods  for  evaluating  the  solvency  of  paint 
linners  are  the  kauri-butanol  (5)  and  the  aniline  point  tests  (6). 
he  kauri-butanol  test  is  subject  to  wide  variation  due  to  diffi- 
alty  in  temperature  control,  and  each  new  solution  of  kauri  gum 
mst  be  standardized  to  establish  reference  points.  The  aniline 
oint  test,  on  the  other  hand,  is  relatively  simple,  is  the  only 
Mnmonly  used  solvency  test  in  which  close  temperature  control 
:  n°t  a  factor,  and  is  widely  used  to  evaluate  paint  thinners  and 
iluents.  (The  aniline  point  of  a  diluent  or  solvent  is  the  mini- 
mm  equilibrium  solution  temperature  for  equal  volumes  of  ani¬ 


line  and  the  solvent.)  It  was,  therefore,  considered  by  the  au¬ 
thors  that  these  two  differences  in  properties  might  serve  as  a 
means  of  proving  the  presence  of  destructively  distilled  wood 
turpentine  in  other  kinds  of  turpentine.  No  reliable  method  of 
detection  based  on  chemical  reactions  or  phenomena  has  as  yet 
been  found. 

A  preliminary  study  of  the  aniline  points  of  authentic  samples 
of  the  various  turpentines  from  widely  separated  sources  gave  the 
following  results:  gum  spirits  (24  samples),  12.2°  to  14.5°  C.; 
steam-distilled  turpentine  (11  samples),  19°  to  25.5°  C.;  sulfate 
wood  turpentine  (2  samples),  15°  and  18°  C.;  destructively  dis¬ 
tilled  turpentine  (4  samples),  all  below  — 10°  C. 

In  the  initial  stage  of  this  study,  six  samples  of  pure  gum  tur¬ 
pentines  were  fractionated  and  aliquots  collected  on  a  volu¬ 
metric  basis,  without  reference  to  the  distilling  temperature. 
Similar  fractionations  were  made  on  these  turpentines  contain¬ 
ing  5  and  10%  of  added  destructively  distilled  wood  turpentine. 
The  aniline  points  of  the  various  fractions  from  the  adulterated 
turpentine  were  not  sufficiently  different  (lower)  from  those  of 
the  pure  turpentine  fractions  to  permit  any  definite  conclusions. 

After  several  preliminary  tests,  fractionations  were  made  on 
single  1-liter  samples  of  a  pure  gum  spirits,  a  steam-distilled,  a 
sulfate,  and  a  destructively  distilled  wood  turpentine,  using  a 
250-mm.  Vigreux  fractionating  column.  The  fractions  were  col¬ 
lected  as  follows:  below  160°  C.;  from  160°  to  163°  C.;  163°  to 
167°  C.;  167°  to  170°  C. ;  and  all  distilling  above  170°  C. 
(With  smaller  samples  a  150-mm.  column  would  be  more  suit¬ 
able.)  The  aniline  points  of  the  fractions  obtained  by  this  type 
of  separation  showed  that  there  was  enough  difference  between 
destructively  distilled  turpentine  and  the  other  kinds  to  suggest 
that  this  test  might  serve  as  the  basis  for  a  method  for  positive 
identification  or  proof  of  its  presence  in  a  suspected  mixture. 


Table  I.  Mixed  Aniline  Points  of  Fractions  of  Destructively 
Distilled  Wood  Turpentine,  Collected  Above  170°  C. 


Mineral  Spirits 
(60°  C.,  A.P.) 

i 

-  Sample  Number - 

2  3 

4 

% 

0  c. 

0  C. 

0  C. 

0  C. 

0 

<-10.0 

<-10.0 

<-10.0 

<-10.0 

10 

-  6.0 

-10.5 

-  3.0 

-  7.0 

20 

2.0 

1.5 

9.5 

3.0 

30 

11.5 

9.5 

16.0 

12.5 

40 

18.5 

18.5 

23.0 

20.0 

50 

25.5 

26  5 

30.0 

26.5 

Yield  of  distillate 
over  170°  C.,  % 

18.4 

16.0 

50.3 

25.2 

Four  authentic  samples  of  destructively  distilled  wood  tur¬ 
pentine  from  different  producers  were  next  fractionated  through 
the  column.  The  fractions  collected  above  170°  C.  were  sub¬ 
jected  to  a  series  of  aniline  point  tests,  both  on  the  fraction  as 
collected  and  after  mixing  with  varying  proportions  of  a  standard 
mineral  spirits  having  an  aniline  point  of  60°  C.  The  similarity 
of  the  aniline  points  for  these  four  samples  is  shown  in  Table  I. 

The  next  step  in  the  study  was  the  comparison  of  the  high- 
boiling  fractions,  when  recovered  by  distillation  at  atmospheric 
pressure,  and  when  obtained  at  reduced  pressure.  Sample  1  was 
considered  characteristic  and  was  selected.  It  was  first  frac¬ 
tionated  at  atmospheric  pressure  throughout  the  distillation,  the 
fraction  above  170°  C.  being  reserved.  A  similar  distillation 
was  made  at  atmospheric  pressure  up  to  170°  C.,  after  which 
the  higher  fraction  was  collected  at  reduced  pressure  (40  mm.). 

Five  per  cent  by  volume  of  this  same  turpentine  was  added  to 
a  quantity  of  one  of  the  pure  gum  turpentines,  and  two  similar 
fractionations  were  made  on  this  adulterated  sample.  The  four 
high-boiling  fractions  were  subjected  to  a  series  of  mixed  aniline 
point  tests  (Table  II).  The  results  showed  that  even  with  as 
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little  as  5%  of  destructively  distilled  wood  turpentine  in  gum 
spirits  a  portion  remains  undistilled  at  170°  C.  under  atmospheric 
pressure;  also  that  further  distillation  of  this  residue,  either  at 
atmospheric  or  preferably  at  reduced  pressure,  yields  a  fraction 
which  has  mixed  aniline  points  that  are  in  good  agreement  with 
those  obtained  on  the  similar  fraction  from  the  straight  destruc¬ 
tively  distilled  wood  turpentine. 

For  the  last  series  of  tests,  one  authentic  gum  spirits  and  three 
authentic  destructively  distilled  wood  turpentines  were  selected. 
All  four  samples  were  first  subjected  to  fractional  distillation  at 
atmospheric  pressure.  A  series  of  mixed  samples  was  prepared, 
each  to  contain  destructively  distilled  turpentine  in  the  gum  tur¬ 
pentine,  in  the  ratios  of  1  to  19  (5%)  and  1  to  9  (10%),  and 
fractionated  in  the  same  manner.  The  straight  aniline  points 
of  these  fractions  were  determined  (Table  III). 


Table  II.  Mixed  Aniline  Points 

(Fractions  of  D.D.  wood  turpentine  collected  above  170°  C.  and  of  gum 
turpentine  containing  5%  of  same  D.D.  wood  turpentine) 


D.D.  Wood  Turpentine 

95%  Gum-5  %  D.D. 

Mineral  Spirits 

Straight 

Vacuum 

Straight 

Vacuum 

(60°  C.,  A.P.) 

distillation 

distillation® 

distillation 

distillation' 

% 

°  C. 

0  C. 

°  C. 

°  C. 

0 

<-10.0 

<-10.0 

<-10.0 

<-10.0 

20 

0.5 

-  3.0 

2.5 

-  5.0 

40 

18.5 

16.5 

20.5 

14.0 

60 

34.5 

33.5 

35.5 

32.0 

80 

48.0 

48.0 

48.5 

47.0 

Distillate,  % 

28.0 

30.8 

2.1 

5.0 

1  Material  subjected  to  vacuum  distillation 
nospheric  distilling  temperature  reached  170° 

was  that  remaining  aftc 
C. 

From  the  data  obtained  it  is  concluded  that  any  opinion  as  to 
the  presence  of  destructively  distilled  wood  turpentine  in  gum 
spirits  of  turpentine,  based  on  an  olfactory  detection  of  the 
characteristic  pungent  odor  of  the  former,  may  be  substantiated 
by  aniline  point  tests  on  the  higher  boiling  fractions.  The  odor 
of  the  adulterant,  when  present  in  only  small  quantity,  was  more 
easily  recognized  in  the  higher  fractions. 

Since  the  straight  aniline  points  of  the  samples  of  gum  spirits  of 
turpentine  were  closer  to  those  of  the  destructively  distilled  wood 
turpentines  than  was  the  case  with  the  steam-distilled  wood  tur¬ 
pentines  initially  tested,  it  was  felt  that  any  conclusions  or  pro¬ 
cedure  based  on  a  depression  of  aniline  point  of  fractions  from  a 
gum  spirits  would  hold  for  most  steam-distilled  wood  turpen¬ 
tines.  No  comparable  series  of  tests  was  therefore  made  with 
this  latter  class. 

Steam-distilled  wood  turpentine,  which  is  produced  by  a 
rather  complicated  refining  process  from  the  original  distillate 
as  it  comes  from  the  wood,  may  be  poorly  refined  and  contain 
small  quantities  of  dipentene  or  pine  oil  which  might  also  serve 
to  depress  the  aniline  points  of  the  higher  fractions.  However, 
these  substances  are  usually  removed  by  the  manufacturer  to  the 
greatest  extent  possible,  since  they  have  become  more  valuable 
than  the  turpentine.  They  must  be  removed  if  the  turpentine 
is  to  meet  the  standard  specifications  for  this  class,  which  are 
identical  with  the  specifications  for  gum  spirits.  The  chances 
of  drawing  false  conclusions  from  the  aniline  point  data  obtained 
by  means  of  the  procedure  herein  described  are  believed  to  be 
remote  enough  to  warrant  the  use  of  the  method  also  on  samples 
of  steam-distilled  wood  turpentine  suspected  of  this  type  of  adul¬ 
teration,  especially  when  the  presence  of  the  destructively  dis¬ 
tilled  wood  turpentine  is  suggested,  even  though  faintly,  by  the 
odor. 

The  small  quantities  of  material  on  which  the  aniline  point 
tests  had  to  be  run,  and  the  low  temperatures  obtained,  made  it 
necessary  to  develop  a  test  assembly  different  from  the  apparatus 
used  in  the  standard  A.S.T.M.  aniline  point  determination  (#). 
The  apparatus  is  shown  in  Figure  1. 

Test  tube  B  is  supported  by  a  heavy  cardboard  cover  over  C, 
which  at  the  same  time  serves  to  insulate  the  surface  of  the  liquid 
therein  from  the  surrounding  warmer  atmosphere. 

For  most  purposes,  the  following  procedure  should  give  satis¬ 
factory  and  reliable  results.  Fractionate  from  250  ml.  to  1  liter 
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of  the  sample  through  an  efficient  distilling  column,  at  atmosphei 
pressure,  carrying  the  temperature  of  the  distilling  vapor  up 
170°  C.  The  distillate  up  to  this  point  is  not  used.  Contin 
the  fractionation,  if  possible,  under  slight  vacuum,  until  the  d: 
tillation  stops  or  decomposition  begins.  Dry  this  fraction  1 
shaking  with  anhydrous  sodium  carbonate,  and  filtering,  pro 
erably  through  a  fritted  glass-bottom  crucible  of  medium  p 
rosity.  Pipet  3  ml.  of  the  dried  sample  into  test  tube  A  and  at 
3  ml.  of  pure  fresh  aniline.  (Only  pure,  fresh  aniline  will  ser 
the  purpose.  Old  aniline  must  be  purified  by  redistilling  aft 
treatment  with  anhydrous  sodium  carbonate,  rejecting  the  fir 
and  last  10%  of  distillate.  As  aniline  is  toxic,  even  through  ti, 
skin;  it  should  be  handled  with  caution  and  should  never  be  c 
rectly  pipetted  by  placing  the  end  of  the  pipet  itself  in  the  moutl 
Fill  baths  B  and  C  with  prechilled  alcohol  or  acetone,  the  ten 
perature  of  which  is  gradually  reduced  by  the  addition,  at  inte 
vals,  of  small  pieces  of  dry  ice.  However,  if  this  is  not  availabl 
it  is  possible  to  obtain  a  temperature  of  —21°  C.  by  using  a  mi 
ture  of  equal  parts  of  66%  sulfuric  acid,  precooled  to  0°  C.,  ai 
finely  crushed  ice.  Immerse  the  tube  in  the  chilling  or  low-ter 
perature  bath,  B,  until  the  solution  in  A  clouds.  Remove  tl 
tube  and  agitate  the  contents  with  the  copper  wire  in  a  shuttl 
like  manner  during  the  observation  of  the  aniline  point.  Re; 
the  temperature  at  the  instant  the  solution  clears.  Repeat  ti 
operation  until  duplicate  operations  or  readings  agree  with- 
±0.2°  C. 


Figure  1.  Assembly  for  Determining 
Aniline  Points 

A.  15-ml.  lest  tube,  with  lip,  12.5  X  1.25  cm. 

(5  X  0.5  inches) 

B.  200-ml.  test  tube,  with  lip  12.5  X  5  cm. 

(5X2  inches) 

C.  100-ml.  beaker 

D.  Cork  stopper,  to  exclude  moisture 

E.  Copper  wire  lor  agitation,  coiled  at  base 

F.  Low  aniline  point  thermometer  —  38  to 

+  42°  C„  A.S.T.M.,  E-1  (33C-41-T) 

G.  Cork  stopper 
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Tabic  III.  Aniline- Points  of  Fractional  Distillates  of  Gum  Spirits  and  Destructively 
Distilled  Wood  Turpentine  and  Mixtures  Thereof 


- Original  Sample— 

D.D.  D.D. 

D.D. 

'  5% 

- Mixed  Sample  Gum  with - 

10%  5%  10%  5% 

10%' 

Gum  No.  1 

No.  2 

No.  3 

No.  1 

No.  1  No.  2 

No.  2  No.  3 

No.  3 

°  C.  0  c. 

°  C. 

0  C. 

0  C. 

°  C.  °  C. 

°  C.  °  C. 

0  c. 

Whole  Sample 

12.2 

-20.4 

-20.0 

-20.8 

10.5 

9.1 

10.4 

9.0 

10.2 

8.8 

Fraction  distilling 
Below  160°  C. 

17.6 

-24.2 

-23.0 

15.7 

14.8 

16.1 

14.3 

17.3 

16.3 

160-163°  C. 

13.4 

-22.0 

-19.0 

11.5 

11.9 

12.4 

11.4 

13.1 

12.0 

163-167°  C. 

3.8 

-13.0 

-15.0 

—  9.0 

2.7 

3.1 

3.5 

2.1 

5.1 

7.0 

167-170°  C. 

-10.6 

-15.0 

-17.0 

-  9.0 

-  9.0 

-  8.0 

-10.4 

-  9.0 

-  5.0 

-  3.5 

Above  170°  C. 

-22.0 

-21.4 

-18.6 

<-30.0 

-16.8 

-22.0 

<-30.0 

-15.0 

-14.4 

ctober,  1944 

CONCLUSIONS 

Recordable  data  to  prove  the 
[esence  of  destructively  dis¬ 
led  wood  turpentine  in  gum 
irits,  and  perhaps  in  steam- 
stilled  wood  turpentine,  may 
;  had  by  subjecting  the  high- 
liling  fraction  distilling  above 
0°  C.  to  an  aniline  point  de¬ 
amination.  The  presence  of 
ch  adulteration,  particularly  if 
iso  indicated  by  odor,  would  be 
rifled:  (1)  if  the  straight  ani- 
ie  point  of  the  whole  sample  is  lower  than  + 12°  C. 

'(2)  if  a  distillation  fraction,  using  a  column,  is  obtained  which 
[stills  above  170°  C. 

1(3)  if  the  straight  aniline  point  of  this  fraction  is  lower  than 

10°  C. 

i  (4)  if  the  mixed  aniline  point  of  such  fraction,  using  a  50-50 
lixture  of  the  fraction  and  a  standard  60°  C.  A.P.  mineral  spirits, 
lower  than  +30°  C. 
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ethyl  esters  of  caproic,  caprylic,  capric,  lauric,  myristic,  palmitic, 
:aric,  oleic,  and  linolic  acids  were  obtained  in  a  pure  state  by  re¬ 
nted  fractional  distillation.  Vapor  pressure  curves  and  decom- 
>siti on  pressures  and  temperatures  have  been  determined  for  each 
the  methyl  esters  by  the  method  described  by  Ramsay  and  Young, 
ith  the  exception  of  the  C,8  series,  it  has  been  shown  that  an  ester 
ction  can  be  identified  and  its  purity  ascertained  by  means  of  its 
por  pressure  curve.  With  the  aid  of  the  decomposition  data, 
is  possible  to  eliminate  excess  decomposition  by  controlling  the 
essure  and  hence  the  boiling  temperature  of  fractional  distillation. 


■RACTIONAL  distillation  is  recognized  as  an  excellent 
method  for  separating  and  purifying  the  methyl  esters  of 
e  naturally  occurring  fatty  acids.  The  fractions  obtained  from 
ch  a  distillation  may  be  divided  into  two  classes:  the  pure  ester 
ictions,  and  the  mixed  fractions  containing  two  or  more  esters. 
Two  types  of  analyses  are  possible  for  the  identification  of 
ch  fractions.  The  best  and  most  commonly  used  are  chemical 
lalyses  which  involve  the  determination  of  such  values  as  the 
line  number,  neutral  equivalent,  and  thiocyanogen  number. 
iese  procedures  are  difficult  and  time-consuming,  and  are  im- 
actical  when  the  fractions  are  very  small.  Accordingly,  it 
emed  advisable  to  investigate  the  second  possibility,  that  of 
bstituting  physical  measurements  for  the  usual  chemical 
ethods.  Consequently,  the  problem  resolved  itself  into  a 
arch  for  suitable  physical  constants  which  would  yield  infor- 
ation  as  to  the  purity  and  quantity  of  any  ester  in  a  given 
action. 

Vapor  pressure  was  the  first  physical  constant  investigated, 
y  means  of  this  determination  the  purity  of  a  substance  may  be 
certained  in  a  very  short  time  and  with  a  considerable  degree  of 
•curacy.  By  choosing  a  dynamic  method,  it  is  also  possible  to 


find  the  boiling  point  of  the  substance  in  question  at  any  given 
pressure.  This  last  fact  in  itself  is  of  great  importance  in  the 
separation  and  purification  of  materials  by  fractional  distillation. 
It  is  also  possible  to  learn  from  a  vapor  pressure  determination 
the  temperature  and  pressure  at  which  decomposition  occurs. 
This  information  can  be  utilized  to  great  advantage  in  the  frac¬ 
tional  distillation  of  organic  compounds. 

PREPARATION  OF  THE  METHYL  ESTERS 

The  methyl  esters  of  caproic,  caprylic,  capric,  lauric,  myristic, 
palmitic,  dearie,  and  oleic  acids  were  prepared  and  purified  by 
repeated  fractional  distillation  through  a  16-plate,  electrically 
heated  fractionating  column,  of  the  type  described  by  Whitmore 
and  Lux  ( 2 ),  fitted  with  a  total  reflux,  partial  take-off  distilling 
head.  The  purity  of  each  ester  was  determined  by  the  usual 
chemical  analyses,  consisting  of  neutral  equivalent,  iodine  num¬ 
ber,  and  thiocyanogen  number.  The  methyl  ester  of  linolic  acid 
was  purified  first,  by  repeated  crystallization  of  the  tetrabromo 
derivative,  and  then,  after  regeneration,  by  repeated  fractional 
distillations.  These  pure  esters  were  used  for  the  entire  study  of 
the  physical  constants. 

DETERMINATION  OF  VAPOR  PRESSURE 

The  vapor  pressure  curve  for  each  methyl  ester  was  deter¬ 
mined  by  the  dynamic  method  described  by  Ramsay  and  Young 
(I);  which  was  found  to  give  very  accurate  results  for  all  esters, 
including  those  which  are  normally  solid  at  room  temperature. 
This  method  was  chosen  because  it  requires  a  very  small  amount 
of  material  (approximately  1  ml.)  which  can  be  recovered,  pro¬ 
viding  no  decomposition  takes  place  during  the  determination. 

In  Figures  1  and  2  are  shown  the  vapor  pressure  curves  for  the 
pure  methyl  esters  of  the  more  commonly  occurring  fatty  acids. 
The  straight-line  curves,  drawn  on  semilog  paper,  were  obtained 
by  plotting  the  reciprocal  of  the  absolute  temperature  X  1000 
against  the  log  of  the  pressure  in  millimeters  of  mercury.  The 
curves,  thus  constructed,  were  extrapolated  to  760-mm.  pressure, 
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PRESSURE  IN  MILLIMETERS  MERCURY 

Figure  1 .  Vapor  Pressure  Curves  of  Methyl  Esters  of  More 
Commonly  Occurring  Fatty  Acids 


Table  I.  Decomposition  Pressures  and  Temperatures  of  Meth 
Esters  of  Fatty  Acids 


Pressure, 

Temperature, 

Ester 

Mm.  Hg 

°  C. 

Methyl  caproate 

>760 

>150 

Methyl  caprylate 

>760 

>193 

Methyl  caprate 

>760 

>224 

Methyl  laurate 

160 

204 

Methyl  myristate 

60 

205 

Methyl  palmitate 

25 

151 

Methyl  stearate 

18 

221 

Methyl  oleate 

16 

217 

Methyl  linolate 

11 

208 

ble  II.  Boiling  Points  of  Methyl 

Esters 

at  Various 

Pressur 

Pressure  in  Millimeters  of  Hg 

1 

Ester  2 

4 

6 

8 

10 

20 

40 

0  c. 

°  C.  °  C. 

0  C. 

0  C. 

°  C. 

°  C. 

Methyl  caproate  15 

26 

33 

38 

42 

55 

70 

Methyl  caprylate  45 

58 

65 

71 

76 

89 

106 

Methyl  caprate  77 

89 

97 

103 

108 

123 

139 

Methyl  laurate  100 

118 

121 

128 

134 

149 

166 

Methyl  myristate  127 

141 

150 

157 

162 

177 

197 

Methyl  palmitate  148 

162 

172 

177 

184 

202 

a 

Methyl  stearate  166 

181 

191 

199 

204 

a 

a 

Methyl  oleate  166.2 

182 

192 

199.5 

205.3 

a 

a 

Methyl  linolate  166.5 

°  Decomposes. 

182 

4  193 

199.9 

206 

a 

a 

It  is  possible  to  adjust  the  pressure  and  hence  the  boiling  tei 
perature  of  a  fractional  distillation  to  optimum  or  nearly  op 
mum  conditions  by  making  use  of  the  recorded  decompositi 
pressures  and  temperatures.  The  authors  believe  that  during 
fractional  distillation  there  is  a  tendency  toward  unnecessa 
superheating  of  the  material  to  be  distilled.  This  tendency  e' 
be  eliminated  through  the  use  of  decomposition  data  on  the  va 
ous  esters. 
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since  in  the  majority  of  the  cases  decompo¬ 
sition  occurs  far  below  that  pressure.  Table 
I  gives  the  approximate  decomposition  pres¬ 
sures  and  temperatures  for  each  of  the 
methyl  esters  studied.  Table  II  shows  the 
boiling  points  for  each  of  the  esters  at  several 
different  pressures. 

CONCLUSIONS 

From  the  data  collected,  several  significant 
conclusions  may  be  drawn. 

With  the  exception  of  the  Cu  series, 
whose  vapor  pressure  curves  as  shown  by 
Figure  2  are  practically  identical,  it  is  possible 
to  identify  a  pure  ester  fraction  by  means  of 
its  vapor  pressure  curve.  With  the  above 
information  available,  it  is  an  easy  matter 
•  to  find  the  boiling  point  of  an  unknown  ester 
at  several  different  pressures,  and  then  by 
superimposing  the  curve  thus  constructed  on 
one  of  the  above  standard  curves,  to  identify 
the  ester.  Such  identifications  can  be  ac¬ 
complished  in  a  very  short  time  and  with  a 
considerable  degree  of  accuracy.  The  purity 
of  a  known  ester  may  be  determined  in 
the  same  way.  The  ester  is  pure  if  the  con¬ 
structed  curve  can  be  superimposed  on  the 
standard  vapor  pressure  curve  of  the  ester 
in  question.  Any  slight  deviation  from 
purity  will  be  recognized  immediately,  in¬ 
asmuch  as  the  two  curves  will  not  coincide. 


Figure  2.  Vapor  Pressure  Curves  of  Methyl  Esters  of  More  Commonly  Occurriil 

Fatty  Acids 


Spectrographic  Determination  of  Small  Amounts 

of  Tungsten  in  Steel 

PHILIP  FISCHER,  ROBERT  SPIERS,  AND  PHILIP  LISAN,  Test  Laboratory,  United  States  Navy  Yard,  Philadelphia,  Pa. 


.ccurate  determinations  of  0.01  to  0.25%  of  tungsten  in  steels  were 
ade  by  a  combined  spectrochemical  method.  The  tungsten  was 
parated  by  a  variation  of  Knowles'  method  and  then  determined 
>eetrographically.  A  modified  chemical  procedure  for  separating 
I  the  columbium  from  tungsten  was  developed  in  order  to  determine 
e  tungsten  spectrographically.  A  high  degree  of  reproducibility 
as  obtained  by  sparking  carbon  electrodes  impregnated  with  the 
ngsten  solution. 


the  residue.  Warm  on  a  steam  bath  for  a  few  minutes,  then 
filter  through  a  dry  No.  40  Whatman  9.0-cm.  paper. 

Modified  Chemical  Procedure  When  Columbium  Is  Pres¬ 
ent.  Dissolve  a  2-gram  sample  in  a  covered  250-ml.  beaker 
with  10  ml.  of  hydrochloric  acid  (sp.  gr.  1.19),  5  ml.  of  phosphoric 
acid  (85%),  and  30  ml.  of  perchloric  acid  (70%).  Heat  over  a  low 
flame  until  the  sample  is  completely  dissolved.  Continue  as  in 
chemical  procedure. 


SPECTROGRAPHIC  PROCEDURE 


rHE  determination  of  small  amounts  of  tungsten  (0.01  to 
0.25%)  in  steel  has  not  been  accomplished  with  satisfactory 
:curacy  up  to  the  present  time.  In  the  colorimetric  determina- 
on  of  tungsten  interference  is  caused  by  trace  amounts  of  molyb- 
linum  (17-20).  To  date  no  successful  spectrographic  procedure 
is  been  reported  which  allows  the  determination  of  tungsten  in 
ie  above-mentioned  range,  using  solid  steel  specimens  directly  or 
simple  solution  procedure  ( 8 ,  7, 10, 11, 14, 15).  Thus  a  project 
combining  both  chemical  and  spectrographic  methods  was 
idertaken  in  determining  residual  tungsten  in  steel. 

The  tungsten  is  first  separated  chemically  by  a  modification 
Knowles’  method  [8, 18, 19)  and  all  but  a  trace  of  molybdenum 
removed  by  volatilization.  The  spectrographic 
•ocedure  is  then  employed,  using  an  alkaline  solu- 
on  of  the  tungstic  oxide,  with  an  aluminum  salt 
lded  as  an  internal  standard.  A  spark  solution 
ethod  (16)  is  employed  which  has  a  high  degree  of 
producibility,  unobtainable  in  this  case  by  the  usual 
c  method  (2,  10,  12,  13,14).  The  use  of  a  medium 
>ectrograph  with  its  high  optical  efficiency  and 
ifficient  resolving  power  was  found  to  be  satisfac- 
•ry.  The  tungsten  content  can  then  be  deter- 
ined  accurately  by  densitometric  measurements. 

CHEMICAL  PROCEDURE 


The  carbon  electrodes  used  in  the  spectrographic  procedure 
are  prepared  by  heating  graphitic  rods  0.78  X  30  cm.  (Vie  X 
12  inches),  in  a  muffle  at  510°  C.  for  1  hour.  After  cooling,  the 
rods  are  cut  into  5-cm.  (2-inch)  lengths  on  an  alundum  cutting 
wheel  (16).  Before  using,  the  ends  of  the  electrodes  are  polished 
with  a  fine  file.  One  drop  of  the  solution,  prepared  by  the  above 
chemical  procedure,  is  placed  on  each  of  two  flat  top  carbon 
electrodes,  which  are  sparked  immediately  after  absorption  of 
the  solution.  A  Bausch  &  Lomb  medium  quartz  spectrograph 
is  used  with  an  uncontrolled,  condensed  spark  source,  rated  at 
13,500  volts.  The  optical  stand  is  placed  45  cm.  (18  inches)  from 
the  slit.  An  exposure  of  60  seconds  with  no  condensing  lens  or 
pre-spark  is  recorded  on  an  Eastman  33  plate  10  X  25  cm.,  (4  X 
10  inches).  The  plate  is  developed  for  4  minutes  in  D-19  at 
18°  C.  and  fixed  for  15  minutes,  followed  by  the  usual  process 
of  washing  and  drying. 


fl 


Dissolve  a  2-gram  sample  in  a  covered  250-ml. 
jaker  with  10  ml.  of  hydrochloric  acid  (sp.  gr.  1.19) 
id  30  ml.  of  perchloric  acid  (70%).  Heat  over  a 
w  flame  until  the  sample  is  completely  dissolved, 
nse,  remove  the  cover  glass,  then  add  1  to  2  ml.  of  hydrofluoric 
■id  (48%).  Increase  the  heat  and  evaporate  to  fumes  of  per- 
lloric  acid.  When  the  chromium  begins  to  oxidize,  denoting 
ie  decomposition  of  the  carbides,  remove  the  beaker  from  the 
rnt  and  allow  it  to  cool  until  the  salts  begin  to  crystallize.  Wash 
iwn  the  sides  of  the  beaker  with  about  20  ml.  of  distilled  water 
id  swirl  the  salts  into  solution.  Add  20  ml.  of  saturated  sul- 
irous  acid  and  heat  until  the  sulfur  dioxide  is  completely  driven 
I.  Cool  to  10°  C.  in  an  ice  bath,  then  add  3  ml.  of  ammonium 
-olybdate  solution  (0.0054  gram  of  molybdenum  per  ml.)  and 
>me  paper  pulp  and  mix  well.  Add  slowly  15  ml.  of  a  2%  alco- 
ilic  solution  of  a-benzoin  oxime  while  stirring  and  a  sufficient 
iantity_  of  saturated  bromine  water  to  tint  the  solution  orange. 
Add  15  ml.  more  of  the  a-benzoin  oxime  solution  and  repeat  the 
•regoing  procedure.  Allow  to  stand  10  minutes  with  occasional 
firing,  adding  more  bromine  water  if  necessary.  Filter  through 
No.  40  11.0-cm.  Whatman  paper  containing  paper  pulp  without 
lowing  the  precipitate  to  run  dry.  Break  up  the  precipitate 
ith  a-benzoin  oxime  wash  solution  (10  ml.  of  sulfuric  acid  sp. 
'•  1-84,  965  ml.  of  distilled  wrnter,  cool  to  10°  C.,  and  add  25  ml. 
•  alcoholic  a-benzoin  oxime  solution,  2%).  Rinse  and  swab  the 
jaker,  and  wash  the  precipitate  with  150  ml.  of  the  wash  solu- 
on,  breaking  up  the  precipitate.  Char  and  ignite  in  a  platinum 
'ucible  at  734°  C.  for  2  hours  or  until  there  is  no  further  sign  of 
olybdenum  volatilizing.  Add  to  the  residue  in  the  platinum 
'ucible  5.0  ml.  of  a  stock  solution  containing  490  ml.  of  sodium 
ydroxide  (0.5  molar)  and  10  ml.  of  aluminum  sulfate  octadeca- 
ydrate  (10%).  Stir  with  a  glass  rod  to  macerate  any  lumps  in 


Figure  1.  Spectra 

1.  0.01  %  tungsten  2.  0.05%  tungsten  3.  0.10%  tungsten 

The  calibration  of  the  plate  is  based  on  photometric  measure¬ 
ment  of  fines  having  predetermined  intensity  values  (1).  The 
densities  of  the  2397.091  A.  tungsten  fine  and  the  2378.408  A. 
aluminum  reference  fine  (4)  are  measured  on  a  Leeds  &  Northrup 
recording  microphotometer.  The  tungsten  is  then  determined 

W 

by  the  use  of  a  working  curve  drawn  by  plotting  A  log  I 

A1 

against  percentage  tungsten.  Standard  tungsten  solutions  are 
prepared  for  determining  the  values  of  the  curve. 

PREPARATION  OF  STANDARDS 

Standard  Tungsten  Solution  (1  ml.  =  0.001  gram  of  tung¬ 
sten).  One  gram  of  pure  tungsten  metal  is  oxidized  completely 
to  yellow  tungstic  oxide  in  a  muffle  at  734°  C.  The  tungstic 
oxide  is  then  dissolved  by  warming  in  a  solution  containing  25 
grams  of  sodium  hydroxide  in  100  ml.  of  distilled  water.  When 
solution  is  complete,  it  is  transferred  to  a  1000-ml.  volumetric 
flask  and  diluted  to  the  mark. 

A  check  of  the  standard  solution  is  made  by  withdrawing  100 
ml.  of  the  solution  and  determining  the  tungsten  by  the  cincho¬ 
nine  method  (6). 

SPECTROGRAPHIC  STANDARDS 

To  a  corrosion-resistant  steel  (18-8)  containing  no  tungsten, 
increments  of  the  standard  tungsten  solution  were  added  to  give  a 
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Table  I.  Reproducibility  and  Accuracy  of  Determinations3 


Sample 

Tungsten 

Maximum 

No. 

Added 

A  Log  I 

Deviation 

% 

% 

1 

0.01 

—  56 

2 

-51 

3 

-54 

0.002 

4 

-55 

5 

-54 

1 

0.03 

-14 

2 

-15 

3 

-15 

0.003 

4 

-18 

5 

-18 

1 

0.05 

+04 

2 

+02 

3 

+  06 

0.006 

4 

+05 

5 

+02 

1 

0.07 

+  18 

2 

+  19 

3 

+  15 

0.006 

4 

+  16 

5 

+  17 

1 

0.10 

+32 

2 

+  32 

3 

+32 

0.003 

4 

+32 

5 

+  33 

1 

0.12 

+39 

2 

+39 

3 

+40 

0.006 

4 

+  39 

5 

+  41 

°  Values  for  0.13  to  0.25%  tungsten  determined  from  1-gram  samples  by- 
doubling  results  obtained. 


range  from  0.01  to  0.12%  tungsten  based  on  a  2-gram  sample. 
For  the  range  0.13  to  0.25%  tungsten,  the  same  procedure  was 
followed,  based  on  a  1-gram  sample.  The  tungsten  separations 
were  carried  out  according  to  the  outlined  chemical  procedure. 
The  spectrographic  working  curve  was  obtained  from  the  values 
of  these  standards. 

DISCUSSION 

The  three  spectra  in  Figure  1  show  the  gradation  of  the  tung¬ 
sten  line  2397.091  A.,  and  the  position  of  the  aluminum  reference 
line  2378.408  A.  The  results  in  Tables  I  and  II  show  the  re¬ 
producibility  and  accuracy  obtained  for  tungsten  standards 


Table  II.  Accuracy  of  Determinations 


Bureau  of 

Deviation 

Standards 

Tungsten 

Tungsten 

from 

Sample 

Type 

Present® 

Found 

Actual 

% 

% 

% 

73a 

Alloy,  high  Cr,  low 

0.09 

0.085 

0.005 

Ni 

0.087 

0.003 

0.085 

0.005 

0.085 

0.005 

123a 

Corrosion-resistant 

0.11 

0.115 

0.005 

steel,  containing 

0.  103 

0.007 

columbium 

0.110 

0.000 

0. 108 

0.002 

°  From  Bureau  of  Standards  certificate  of  analysis. 


Bureau  of  Standard  samples  73a  and  columbium-bearing  cor¬ 
rosion-resistant  steel  123a.  The  spectrographic  standard  solu¬ 
tions,  as  described,  were  used  in  the  construction  of  the  working 
curve.  Pure  tungsten  solutions  were  not  used,  since  it  was  con¬ 
sidered  desirable  to  approximate  the  conditions  of  routine  an¬ 
alysis.  Investigation  showed  that  a  working  curve,  prepared 
by  using  pure  tungsten  solutions,  differed  from  one  constructed 
by  the  above  procedure.  Although  tungsten  is  claimed  to  be 
completely  precipitated  by  a-benzoin  oxime  (9),  the  authors 
feel  that  further  investigation  of  the  completeness  of  this  precipi¬ 
tation  and  other  possible  causes  of  this  difference  is  a  separate 
problem  and  beyond  the  scope  of  this  paper. 

A  modification  of  the  chemical  procedure  must  be  employed 


in  the  analysis  of  columbium-bearing  steels,  since  interferenc 
exists  between  tungsten  and  columbium  under  the  discharg 
conditions  employed  and  with  the  dispersion  and  resolution  avail 
able  with  the  authors’  spectrograph.  However,  tungsten  am 
columbium  are  not  ordinarily  easily  separated  (5),  so  that  i 
modified  chemical  procedure  was  developed  to  permit  sucl 
separation.  The  use  of  phosphoric  acid  in  the  modified  chemica 
procedure  causes  a  partial  but  proportional  precipitation  o 
tungsten  in  its  separation  from  columbium.  The  working  curv 
drawn  up  from  this  method  (Figure  2,  B),  is  therefore  differen 
from  the  curve  (Figure  2,  A)  constructed  from  the  original  pro 
cedure. 

This  modification  is  applicable  to  all  steel  alloys,  eliminatini 
the  use  of  two  curves.  However,  it  is  advisable  to  avoid  un 
necessary  loss  of  tungsten  when  columbium  is  not  present.  Thi 


Figure  2.  Working  Curves 

A.  Corrosion-resistant  steel,  carbon  tool  steel 

B.  Columbium-bearing  steel 


is  important  when  we  consider  that  the  amount  of  tungsten  pres 
ent  in  the  solution  to  be  analyzed  is  very  small — i.e.,  0.01%  tung 
sten  based  on  a  2-gram  sample  is  equivalent  to  0.0002  gram  c 
tungsten.  Furthermore,  the  number  of  columbium-bearing  stet 
analyzed  for  small  amounts  of  tungsten  is  negligible  in  proportio 
to  the  total  number  of  samples  received  in  this  laboratory. 
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esh  vegetables  (0.5  to  1.0  kg.)  were  frozen,  cut  to  suitable  size, 
td  immersed  in  acetone  at  room  temperature  for  48  hours,  then 
bmitted  to  a  continuous  acetone  extraction  for  24  hours.  The  two 
:etone  fractions  were  combined  and  the  nitrogenous  products 
ashed  out  by  this  treatment  were  set  aside  for  analysis  after  the  re¬ 
oval  of  acetone,  lipids,  and  plant  pigments.  The  vegetable 
sidues  were  further  extracted  by  24-hour  immersions  in  each  of 
io  1 .5  liters  of  hot  90%  formic  acid.  These  two  fractions  were 


rHE  current  state  of  knowledge  regarding  the  protein  com¬ 
position  of  vegetable  foods  has  been  recently  assessed  by 
ickery  {21) :  “What  is  needed  is  a  statement  of  the  amino  acid 
imposition  of  the  total  proteins  of  these  vegetable  products. 
rhat  is  to  be  found  in  the  literature  are  more  or  less  incomplete 
id  seldom  trustworthy  tables  of  the  composition  of  purified 
imples  of  the  chief  protein  component.”  Because  of  the  world- 
ide  depletion  of  animal  proteins  and  the  consequent  increased 
iman  consumption  of  fresh  vegetable  foods  brought  about  by 
le  present  crisis,  the  need  for  securing  this  information  has  be- 
ime  most  urgent.  Consideration  of  these  circumstances  and 
le  newer  knowledge  on  the  effect  of  deficiencies  of  certain  amino 
:ids  in  man  and  experimental  animals  ( 1 ,  2,  3,  5)  led  the  authors 
>  initiate  a  program  of  study  in  1942,  with  the  purpose  of  obtain- 
ig  data  on  the  essential  amino  acid  content  of  whole  fresh  vege- 
ibles. 

The  ultimate  cause  of  the  lack  of  suitable  data  on  the  amino 
;id  composition  of  vegetables  is  the  lack  of  a  method  for  the 
implete  and  carbohydrate-free  extraction  of  proteins  from  vege- 
ible  products.  It  would  seem  that  all  that  is  required  is  to  sub¬ 
mit  samples  of  the  vegetables  directly  to  hydrolysis  and  to  per- 
rrn  amino  acid  analyses  on  the  hydrolyzates.  The  shortcom- 
gs  of  this  direct  approach  became  obvious  when  it  was  pointed 
it  that  acid  hydrolysis  of  proteins  in  the  presence  of  carbohy- 
rates,  which  are  inevitably  found  in  all  foodstuffs,  results  in  the 
ss  of  a  considerable  portion  of  the  protein  nitrogen  in  the  form 
'  a  black  insoluble  product  known  as  “humin”.  The  origin  of 
limin  nitrogen  has  been  the  subject  of  much  study.  Thus, 
ortner  and  Blish  {10)  demonstrated  that  all  the  tryptophane  is 
st  in  this  form.  Tristram  {20)  and  others  {19)  have  reported 
le  destruction  of  arginine,  histidine,  and  lysine  proteins  through 
;id  hydrolysis  in  the  presence  of  carbohydrates.  The  loss  of 
Tosine,  cystine,  and  methionine  through  the  same  mechanism 
as  been  demonstrated  by  Lugg  {14)-  Kuiken  and  co-workers 
’2)  have  recently  reported  significant  losses  of  valine,  leucine,  and 


combined  and  concentrated  in  vacuo  to  1  liter,  and  the  carbohy¬ 
drates  were  precipitated  by  the  addition  of  2  liters  of  95%  ethanol 
and  removed  by  filtration.  The  filtrates,  which  contain  the  bulk  of 
the  nitrogen,  were  distilled  in  vacuo  to  remove  the  alcohol  and  formic 
acid.  The  combined  acetone-soluble  and  formic  acid-soluble 
residues  were  found  suitable  for  bioassay  or  on  hydrolysis  for  amino 
acid  analyses,  and  contained  90  to  95%  of  the  total  nitrogen  of  the 
fresh  products. 


isoleucine  in  casein  when  hydrolyzed  in  the  presence  of  carbohy¬ 
drates.  In  view  of  this  evidence,  it  would  appear  impossible  to 
secure  accurate  information  on  the  amino  acid  composition  of  the 
vegetable  by  the  direct  hydrolysis  technique. 1 

The  alternative  solution  of  the  problem  lies  in  the  isolation  and 
purification  of  the  protein  moiety  of  the  vegetable.  Previous 
attempts  at  this  approach  have  been  notably  unsuccessful. 

The  neutral  saline  extraction  technique  of  Osborne  {17), 
which  proved  so  useful  in  his  study  of  the  seed  proteins,  was 
found  ineffective  when  applied  to  fresh  vegetables.  The  suc¬ 
cess  of  the  maceration-extraction  technique,  also  tried  by  Os¬ 
borne  and  Wakeman  {18),  was  hampered  by  filtration  difficulties. 
In  1923,  Chibnall  (7)  achieved  the  extraction  of  40%  of  the  total 
nitrogen  of  some  leaf  proteins  by  the  aqueous  ether  treatment. 
However,  he  later  found  these  preparations  contaminated  with 
pentosans  and  withdrew  his  analyses  (<?).  Methods  using  com¬ 
binations  of  various  solvents  {11)  and  enzymic  removal  of  the 
carbohydrate  {9)  have  been  applied  with  some  success  to  seed 
meals  but  are  not  readily  adaptable  to  the  study  of  fresh  products. 
Mazur  and  Clarke  {15)  have  shown  in  their  study  of  the  marine 
algae  that  a  carbohydrate-contaminated  preparation  containing 
60  to  90%  of  the  total  nitrogen  could  be  conveniently  obtained  by 
extraction  with  90%  formic  acid. 

After  numerous  experiments  with  modifications  of  the  various 
schemes  suggested  by  these  earlier  attempts,  the  authors  found 
that  the  carbohydrate  contaminants  of  the  formic  acid  extracts 
of  the  vegetables  prepared  as  described  by  Mazur  and  Clarke 
could  be  quantitatively  removed  by  the  addition  of  ethanol  with¬ 
out  loss  of  nitrogen.  The  final  product  resulting  from  the  isola¬ 
tion  procedure  evolved  on  the  basis  of  this  finding  was  found 
suitable  for  rat-feeding  experiments  or  on  acid  hydrolysis  for 
amino  acid  analysis  and  contained  90  to  95%  of  the  total  nitrogen 
of  the  fresh  vegetable. 

EXPERIMENTAL 

Solubility  of  Proteins  and  Carbohydrates  in  Formic 
Acid  and  Formic  Acid-Ethanol  Mixture.  Preliminary  ex- 
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Table  I.  Solubility  of  Biological  Products  in  90  Per  Cent  Formic 

Acid 

Solubility  at  20-25°  C. 


X 

X 

= 

5 

Substance 

Type  of  Compound 

90% 

formic 

acid 

90%  formic  acid, 
1  volume  -+-  95% 
ethanol,  2  vol¬ 
umes 

Cellulose 

S-Glucosan 

Grams  per  100  Cc. 

0.00  0.00 

n 

Cornstarch 

a-Glucosan 

0.00 

0.00 

Lintner  starch 

a-Glucosan  (modified) 

0.00 

0.00 

Dextrins 

Derived  a-glucosan 

0.13 

0.00 

Sucrose 

Disaccharide 

5.60 

4.50 

Dextrose 

Monosaccharide 

6.65 

5.10 

Gum  arabic 

Pentosans  -r  hexosans 

0.00 

0.00 

Urn 

Gum  tragacanth 

Pentosans  -j-  hexosans 

0.00 

0.00 

Agar-agar 

Galactans  -j-  manna  ns 

1.98 

0.00 

C 

Zein 

+  fucosans 

Prolamin 

7.25 

7.25 

*s 

Gelatin 

Albuminoid 

5.90 

5.90 

Hemoglobin 

Chromo-  hist one 

3.64 

3.64 

i— 

Lactalbumin 

Albumin 

0.51 

0.51 

Casein 

Phosphoprotein 

3.07 

3.07 

periments  demonstrated  that  the  formic  acid  extraction  of  the 
fresh  vegetables  after  acetone  fixation  yielded  high  nitrogen 
recovery  with  an  unavoidable  impurity  of  a  polysaccharide  na¬ 
ture.  The  observation  that  the  addition  of  2  volumes  of  ethanol 
to  1  volume  of  formic  acid  extract  of  spinach  leaves  resulted  in 
the  quantitative  precipitation  of  these  carbohydrates  with  only 
a  negligible  loss  of  nitrogen  prompted  investigation  of  the  solu¬ 
bility  of  some  carbohydrates  and  proteins  in  formic  acid  and 
formic  acid-ethanol  mixture. 

To  0.2-  to  1.0-gram  samples  of  various  carbohydrates  dried  to 
constant  weight  in  15-ec.  centrifuge  tubes  are  added  10  cc.  of 
90%  formic  acid.  After  thorough  mixing  the  tubes  are  stored  in 
a  60°  oven  for  24  hours,  being  removed  and  shaken  mechanically 
for  20  minutes  at  10  intermittent  intervals  during  the  period.  At 
the  end  of  this  time,  the  volume  is  adjusted  to  the  original  level 
and  the  tubes  are  centrifuged.  The  supernatant  solution  is  de¬ 
canted  and  saved  and  the  residues  are  dried  to  constant  weight 
in  the  vacuum  desiccator  over  calcium  chloride.  The  solubility 
of  the  carbohydrates  per  100  cc.  of  formic  acid  is  estimated  by 
multiplying  by  10  the  weight  loss  incurred  by  the  original  sample 
(Table  I).  These  values  were  checked  by  the  weight  of  residues 
obtained  by  desiccation  of  the  respective  supernatant  solutions. 
Of  the  carbohydrates  tested  only  dextrose,  sucrose,  dextrins,  and 
agar-agar  are  soluble  in  formic  acid.  The  addition  of  2  volumes 
of  95%  ethanol  to  1  volume  of  formic  acid  solutions  of  these  four 
carbohydrates  results  in  the  quantitative  precipitation  of  dex¬ 
trins  as  agar-agar,  but  not  of  dextrose  or  sucrose. 

The  solubility  of  the  proteins  in  formic  acid  is  more  conven¬ 
iently  estimated  from  the  nitrogen  content  (X  X  6.25)  of  the  su¬ 
pernatant  solutions  obtained  by  application  of  the  previously 
described  procedure  to  protein  samples.  It  is  clear  from  the  data 
so  obtained  (Table  I)  that  these  proteins  are  equally  soluble  in 
formic  acid  and  the  formic  acid-ethanol  mixture.  Since  the 
polysaccharides  appear  to  be  the  principal  carbohydrate  con¬ 
taminants  of  the  fractions  resulting  from  the  formic  acid  extrac¬ 
tion  of  the  vegetables,  the  solubility  of  the  proteins  and  insolu¬ 
bility  of  the  polysaccharides  in  the  formic  acid-ethanol  mixture 
affords  a  surprisingly  simple  method  for  the  purification  of  the 
protein  moiety. 

Procedure  fob  Extraction  of  Proteins  from  Fresh 
Vegetables.  From  0.5  to  1  kg.  of  the  fresh  vegetable  is  frozen 
by  storage  in  the  freezing  compartment  of  an  electric  refrigerator 
set  at  0°  C.  This  serves  to  break  down  the  cell  walls,  thereby 
increasing  cell  permeability  to  solvents.  The  vegetable  is  then 
sectioned  in  preparation  for  sampling  and  extraction.  (Leafy 
vegetables  are  sliced  in  1-cm.  cross  sections;  cabbages  and  beans 
are  diced;  potatoes,  carrots,  and  turnips  are  shredded.)  Six  100- 
to  200-mg.  aliquots  of  this  product  are  weighed  out  immediately 
on  the  torsion  balance  and  total  nitrogen  is  determined  by  micro- 
Kjeldahl  method  {16).  Another  100-gram  aliquot  is  set  aside 
for  the  preparation  of  the  alkaline  hydrolyzate  needed  for  esti¬ 
mation  of  tyrosine  and  tryptophane  as  described  by  Lugg  (13). 
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The  remainder  of  the  prepared  vegetable  is  placed  in  a  2-lite 
(0.5-gallon)  food  jar  and  covered  with  acetone,  U.S.P.,  and  afte 
2  days  the  acetone  is  removed  by  decantation  and  saved.  Th 
vegetable  is  then  transferred  to  a  fine-mesh  cloth  sack  and  sut 
mitted  to  a  continuous  acetone  extraction  for  24  hours  in  th 
modified  Soxhlet  apparatus  shown  in  Figure  1,  using  the  60C 
watt  hot  plate,  A.  At  the  end  of  this  time  the  acetone  is  re 
moved  from  the  extractor  and  combined  with  the  first  aceton 
extract.  The  acetone  of  the  combined  fractions  is  recovered  b 
distillation,  the  insoluble  coloring  matter  and  lipids  are  filterei 
out,  and  nitrogen  content  of  the  aqueous  residue  is  determined  b 
micro-Kjeldahl  method.  This  nitrogen  which  is  extracted  by  th 
acetone  treatment  results  from  the  mobilization  of  plant  juice 
incident  to  dehydration  and  for  want  of  a  better  term  is  called  th 
acetone-soluble  fraction.  The  low-protein  nitrogen  content  c 
these  fractions  is  indicated  by  the  nitrogen  content  of  precipitate 
obtained  on  the  addition  of  25  cc.  of  10%  trichloroacetic  acid  t 
15  cc.  of  sample  (Table  II).  Moreover,  since  75  to  85%  of  th 
total  nitrogen  of  these  fractions  occurs  as  a-amino  nitrogen  (4),  th 
amino  acids  of  these  fractions  are  determined  directly  withou 
hydrolysis  and  by  special  techniques  to  circumvent  the  interfei 
ence  of  the  carbohydrates  present  (to  be  published). 

Since  excessive  decomposition  of  formic  acid  at  its  boiling  poir 
prevented  the  use  of  a  continuous  extraction  technique,  the  aci 
tone-extracted  vegetable  is  treated  as  follows:  The  sack  and  cor 
tents  are  removed  from  the  extraction  chamber,  (7,  and  expose 
to  an  air  current  for  several  hours  to  drive  off  the  acetone.  Th 
incased  vegetable  is  returned  to  the  chamber,  which  is  now  fille; 
with  90%  formic  acid  to  just  below  the  discharging  level.  Th 
temperature  of  the  chamber  is  maintained  at  75°  to  80°  C.  b 
means  of  a  100-watt  lamp,  B ,  and  the  extraction  is  continued  fc 
24  hours.  This  first  portion  of  formic  acid  is  discharged  into  th 
boiling  flask  by  the  addition  of  formic  acid  to  a  level  above  th 
siphon  tube  and  the  extraction  continued  for  another  24  horn 
with  a  new  portion  of  formic  acid.  This  second  formic  acid  e? 
tract  is  also  discharged  into  the  boiling  flask.  Two  such  open 
tions  suffice  to  extract  almost  all  the  available  nitrogen. 

The  fibrous  residue  from  both  acetone  and  formic  acid  extra' 
tions  is  transferred  to  a  2-gallon  enameled  pail  and  mixed  mechai 
ically  for  30  minutes  with  2  liters  of  95%  ethanol  to  facilital 
handling  and  subsequent  drying  of  the  product.  The  soli 
matter  is  removed  by  gravity  and  suction  filtration,  air-driei 
and  analyzed  for  nitrogen.  The  alcohol  filtrate  is  made  to  2  litei 
and  added  to  the  combined  formic  acid  fractions  which  have  bee 
previously  concentrated  in  vacuo  to  1  liter.  The  mixture  is  the 
allowed  to  stand  for  2  hours  at  room  temperature  and  th 
precipitated  carbohydrates  are  filtered  out  first  by  gravit 
through  fluted  paper  and  finally  by  suction  in  a  Buchner  funnei 
The  alcohol  and  formic  acid  of  these  filtrates  are  removed  b 

distillation  in  vacuo.  The: 
residues  were  found  to  be  un 
formly  carbohydrate-free  h 
the  Benedict,  Mohsch,  an 
iodine  tests  and  constitute  th 
formic  acid-soluble  fraction  < 
the  vegetable  nitrogen.  The 
are  suitable  at  this  point  for  ra 
feeding  experiments.  Or,  the 
are  made  to  125-cc.  volume  wil 
water  and,  after  the  addition  < 
75  cc.  of  concentrated  hydr< 
chloric  acid,  hydrolyzed  h 
boiling  under  reflux  in  an  al 
glass  apparatus  for  24  hour. 
The  excess  acid  is  removed  b 
concentrating  the  hydroljrzai 
in  vacuo  to  a  thick  sirup  thn 
times  successively  after  the  ac 
dition  of  water.  The  final  pro' 
uct  is  made  to  250  to  300  c 
(pH  1  to  2),  total  nitrogen  is  d 
termined,  and  then  the  humi 
is  filtered  out.  The  humin 
extracted  with  150  cc.  of  boi 
ing  water  and  the  extract  con 
bined  with  the  original  filtrat 
This  final  solution  is  concei 
trated  in  vacuo  to  200  cc.  an 
then  submitted  to  nitrogen  ar 
amino  acid  analysis.  The  hi 
min  is  air-dried  and  analyzed  f< 
nitrogen.  A  flow  sheet  of  tl 
procedure  is  given  in  Chart  I. 


JL 

Figure  1.  Extraction  Apparatus 

A,  600-watt  hot  plate/  B,  100-watt 
electric  lamp;  C,  extraction  chamber 
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Table  II.  Distribution  of  Nitrogen  in  Fresh  Vegetables 


String 

White 

White 

White 

Chinese 

Celery 

Vegetable 

Beans 

Carrot 

Potato 

Turnip 

Cabbage 

Cabbage 

Kale 

Spinach 

(Pascal) 

('rigin 

Md. 

Calif. 

Idaho 

N.  J. 

Md. 

in. 

Md. 

N.  Y. 

Calif. 

lample  analyzed, 

'  grams 

828 

1050 

1044 

890 

791 

888 

590 

1290 

1278 

’otal  N,  grams 
'rotein  (NX  6.25),  % 

2.35 

1.33 

3.72 

1.55 

1.36 

1.75 

3.12 

5.43 

1.78 

Found 

1.78 

0.79 

2.24 

1.08 

1.07 

1.23 

3.29 

2.63 

0.87 

U.  S.  Dept.  Agr.  (6) 
ilitrogen  extracted 

2.4 

1.1 

2.0 

1.1 

1.4 

1.4 

3.2 

2.3 

1.0 

Grams 

2.1 

1.24 

3.54 

1.52 

1.34 

1.68 

2.86 

5.34 

1.63 

% 

cetone-soluble  N, 

90.7 

92.5 

95.1 

97.9 

98.6 

96.2 

91.4 

98.2 

92.0 

grams 

0.57 

0.24 

1.32 

0.33 

0.37 

0.63 

0.48 

1.10 

1.09 

Getone-soluble  N,  % 
of  total  N 
rotein- N  in  acetone- 

24.2 

18.0 

35.5 

21.2 

27.1 

36.2 

15.4 

20.2 

61.4 

soluble  fraction, 

mg. 

ormic  acid-soluble 

13.2 

14.7 

22.0 

13.6 

31.0 

19.3 

5.3 

24.1 

8.4 

N,  grams 

ormic  acid-soluble 

1.54 

0.99 

2.22 

1.19 

0.97 

1.05 

2.36 

4.24 

0.54 

:  N,  %  of  total  N 

66.5 

74.5 

59.6 

76.7 

71.5 

60.0 

76.0 

78.0 

30.6 

esidue  N,  gram 

0.249 

0.095 

0. 183 

0.025 

0.018 

0.063 

0.261 

0.093 

0.154 

principal  impurities  in  the  formic 
acid  extracts  of  the  vegetables. 
In  1939  circumstantial  evidence 
led  Lugg  (14)  to  point  out  these 
substances  as  the  possible  con¬ 
taminants  in  his  leaf  protein 
preparations.  He  was  unable 
to  remove  them  by  isoelectric 
precipitation.  It  is  clear  from 
the  present  study  that  the  solu¬ 
bility  differences  in  the  formic 
acid-ethanol  mixture  afford  an 
effective  mqans  of  separating 
these  carbohydrates  from  the 
proteins.  However,  it  is  wholly 
probable  that  in  the  study 
of  other  vegetable  foodstuffs 
the  carbohydrate-protein  re¬ 
lationships  may  be  such  as  not 
to  be  separable  by  this  tech- 


hart  I.  Flow  Sheet  of  Nitrogen  Extraction  Procedure  for  Amino 
Acid  Analysis  of  Fresh  Vegetables 

reeze  vegetable,  section,  weigh  (1  kg.),  determine  total  N,  and  store  in 
acetone  48  hours 

'ecant  and  save  acetone,  transfer  vegetable  to  cloth  sack 

Extract  with  2  liters  of  acetone,  U.S.P., 
for  24  hours  in  continuous  extractor 


Residue  1 


Acetone  extract  +  decanted  acetone 
Volume,  total  N 


Extract  twice  with  90% 
formic  acid  at  75-80°  C. 
for  24  hours  for  each  | 

1200-cc.  portion  Aqueous  residue, 

Volume,  total  N 

I _  Complete  amino 

|  acid  analysis 

esidue  2  Formic  acid  extract 


Distill  off  acetone 


Acetone,  dehy¬ 
drate  with  anhy¬ 
drous  CuSOr 


nique. 

The  authors’  experiences  with  the  application  of  the  formic 
acid -ethanol  method  to  dried  seed  meals  or  pulverized  dehy¬ 
drated  vegetables  were  unsatisfactory  owing  to  the  formation  of 
gels  and  loss  of  dispersion  of  protein  achieved  in  these  prepara¬ 
tions.  Attempts  to  overcome  these  difficulties  by  the  use  of 
fillers  such  as  Celite  or  filter  paper  were  not  completely  successful. 
In  the  best  experiments  of  this  series  only  60  to  70%  of  the  total 
nitrogen  could  be  removed  after  5  extractions  with  formic  acid. 
It  appears,  therefore,  that  the  adaptability  of  the  method  to 
other  foodstuffs  is  limited  by  the  particle  size  and  physical  char¬ 
acteristics  of  the  product. 


LITERATURE  CITED 


Stir  with  2  liters  of  95% 
ethyl  alcohol,  and  fil¬ 
ter  through  Hyflo 


Volume,  total  N 
Distill  in  vacuo  to  1  liter 


esidue  3 


Alcohol  filtrate 


Formic  acid  concentrate 
(1  liter  per  1.0  gram  of  N) 


Formic  acid 
(recovered) 


ry  and  weigh,  volume,  total  N 


6. 

7. 


Combine  and  allow  to  stand  for  2 
hours  at  room  temperature 
Filter  by  gravity  and  suction  and 
distill  off  alcohol 

Remove  formic  acid  by  in  vacuo 
concentration 

Measure  volume  and  remove  aliquot 
for  total  N,  NHaN,  NHjN 
Add  0.7  volume  of  concentrated  HC1 
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Application  of  the  Method  to  Some  Vegetables.  The 
egetables  needed  for  this  study  were  obtained  from  retail  stores 
ad  only  the  edible  portions  used.  The  data  on  nitrogen  dis- 
■ibution  are  recorded  in  Table  II.  Inasmuch  as  the  protein  con- 
:nt  of  the  vegetables  is  a  function  of  numerous  variables,  the 
rotein  content  (calculated  as  N  X  6.25)  of  the  specimens  is 
ibulated  for  comparison  with  that  reported  for  the  vegetable  by 
le  U.  S.  Department  of  Agriculture  (6). 
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Determination  of  Soluble  Silica  in  Very  Low  Concentrations 
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MODERN  high-pressure  central  sta¬ 
tions  are  equipped  to  supply  steam 
of  very  high  quality.  Loss  of  turbine 
efficiency  and  capacity  because  of  turbine 
blade  deposits  is  therefore  not  expected 
in  such  installations.  Nevertheless,  many 
high-pressure  plants  have  experienced 
blading  deposits,  which  have  often  con¬ 
tained  a  high  percentage  of  silica.  The 
appearance  of  such  deposits  on  the  blades 
of  a  1250-pound  superposed  turbine,  as 
well  as  on  the  blades  of  the  associated 
300-pound  units,  at  one  station  initiated  tests  to  relate  boiler 
water  constituents  to  steam  silica  content.  Obviously  such  a 
study  necessitated  very  reliable  determinations  of  soluble  silica 
in  dilute  concentrations.  The  development  of  an  acceptable 
silica  determination  procedure  by  some  modification  of  published 
methods  is  shown  in  this  paper. 


SILICA  BY  SULFITE  REDUCTION  OF  SILICOMOLYBDATE 

The  plant  laboratory  had  for  some  time  been  using  rapid 
colorimetric  methods  whenever  possible  for  feedwater  and  boiler 
water  control  testing,  a  Coleman  Universal  spectrophotometer 
being  utilized  for  the  purpose.  Silica  in  the  boiler  water  was 
determined  by  the  Kahler  (2)  method,  measuring  concentration 
of  silica  by  means  of  the  blue  reduction  color  of  silicomolybdate. 
With  this  procedure  sulfite  is  used  for  reduction,  and  pH  control 
is  used  to  prevent  phosphate  interference.  Concentration- 
transmittance  curves  for  the  method  were  developed  at  a  wave 
length  of  700  millimicrons  with  both  18-mm.  and  40-mm.  cell 
optical  depths.  The  curves  are  linear,  70%  transmittance  being 
equivalent  to  7.5  and  2.4  p.p.m.,  respectively. 

To  adapt  the  test  method  at  hand  to  steam  analysis,  it  was 
only  necessary  to  broaden  out  the  p.p.m.  scale  of  the  40-mm.  cell 
depth  curve,  making  it  readable  to  0.1  p.p.m.  of  silica.  This 
sensitivity  appeared  to  be  ample  for  the  expected  silica  values  in 
the  steam.  Distilled  water  for  reagents  was  purchased  outside 
the  plant.  It  was  assumed  that  very  low  concentrations  of 
orthophosphate,  with  low  concentrations  of  silica,  would  cause 
no  interference.  Hard-rubber  bottles  were  used  for  all  reagents. 
Pyrex  250-ml.  glass-stoppered  bottles  were  used  for  sample 
collection. 

Subsequent  use  of  the  method  brought  out  some  practical  diffi¬ 
culties.  At  this  very  low  range  of  silica  concentration  the  effect 
of  color  progression  was  found  to  be  critical.  The  rapid  color 
development  required  measuring  the  1-minute  sulfite  reduction 
time  with  stop-watch  accuracy.  It  became  evident  that  the 
stable  life  of  the  reagents  was  short,  the  molybdate  reagent  be¬ 
ing  dependable  for  only  8  hours  when  used  for  determining  small 
silica  values.  New  bottles,  or  bottles  freshly  cleaned  with  di¬ 
chromate  cleaning  solution,  were  found  to  cause  erroneous  silica 
determinations.  Accordingly,  separate  bottles  were  provided 
to  sample  each  point  being  tested  and  were  used  only  for  that 
purpose. 

Reagents,  Sulfite  Method  (2).  Hydrochloric  acid,  0.248  N; 
ammonium  molybdate  solution,  102  grams  per  liter;  and  so¬ 
dium  sulfite,  170  grams  per  liter. 

Procedure.  Treat  a  10-ml.  sample  with  5  ml.  of  acid  and  5 

ml.  of  ammonium  molybdate  solution.  Reduce  within  1  to  5 
minutes  with  10  ml.  of  sodium  sulfite  solution.  Read  %  T  in 
spectrophotometer  1  minute  after  reduction  at  700  nm  with  18- 

mm.  or  40-mm.  cell.  Use  sample  reference  solution  containing 
the  acid  and  sulfite  plus  5  ml.  of  distilled  water.  Determine 
p.p.m.  of  silica  from  the  proper  C-T  curve. 


SILICA  BY  AMINO  ACID  REDUCTION  OF 
SILICOMOLYBDATE 

As  the  carry-over  study  progressed 
values  of  less  than  0.1  p.p.m.  of  silica  be 
came  important.  It  was  learned  that  ai 
increase  of  the  sample  volume  to  50  ml 
made  the  determination  more  sensitive 
and  that  the  method  used  by  Lindsay  an< 
Bielenberg  (4)  resulted  in  still  greater  sen 
sitivity.  This  latter  method  prevent 
phosphate  interference  by  destroying  th 
phosphomolybdate  complex  with  sodiun 
citrate.  A  mixed  sulfuric  acid  and  ammonium  molybdate  reagen 
proved  to  be  stable.  The  blue  reduction  color  was  obtained  b; 
using  l-amino-2-naphthol-4-sulfonic  acid  reagent  rather  tha: 
sodium  sulfite  alone.  The  reducing  agent  proved  stable  whe 
made  up  from  recently  purchased  chemical.  The  strength  c 
the  sodium  citrate  reagent  did  not  change.  Color  progressio 
of  the  reduced  silicomolybdate  was  slight  after  1  minute.  Th 
test  was  sensitive  to  0.01  p.p.m.  of  silica.  Because  of  thes 
several  advantages  the  procedure  was  adopted  at  this  time  an 
used  for  completion  of  the  silica  carry-over  study. 

Continued  use  of  the  method  indicated  that  distilled  wate 
purchased  in  5-gallon  bottles  could  riot  be  depended  upon  fc 
constant  silica  content.  Probably  the  method  of  cleaning  lei 
these  bottles  unstable  as  far  as  silica  pickup  was  concerned.  . 
source  of  water  nearly  silica-free  and  constant  was  found  in  th 
plant.  Water  obtained  by  condensing  the  vapor  from  the  vent 
of  an  evaporator  condenser,  collected  and  stored  in  a  common  l 
gallon  bottle  and  used  only  for  the  one  purpose,  remained  nearl 
stable  at  about  0.03  p.p.m.  of  silica.  The  C-T  curves  develope 
at  700  millimicrons  are  not  quite  linear,  for  either  the  19-mm.  ce 
(ordinary  test  tube)  or  the  40-mm.  cell.  With  this  method  70r 
T  is  equivalent  to  1.8  and  0.7  p.p.m.  of  silica,  respectively. 

Reagents,  Amino  Acid  Method  ( 4 ).  Sulfuric  Acid-Molyl 
date  Reagent.  Dissolve  75  grams  of  c.p.  ammonium  molybdat 
in  800  ml.  of  silica-free  water,  add  60  ml.  of  concentrated  c.i 
sulfuric  acid,  cool,  and  make  volume  up  to  1  liter. 

Sodium  Citrate  Reagent.  Dissolve  430  grams  of  sodium  cr 
rate,  U.S.P.,  in  silica-free  distilled  water  and  make  up  to  1  lite: 

l-Amino-2-naphtho-4-sulfonic  Acid  Reagent.  (A)  Dissolve  9 
grams  of  sodium  bisulfite  in  800  ml.  of  silica-free  distilled  wate: 
(B)  Dissolve  7  grams  of  anhydrous  sodium  sulfite  in  approx 
mately  100  ml.  of  silica-free  distilled  water.  To  solution  B  ad 
1.5  grams  of  l-amino-2-naphthol-4-sulfonic  acid,  mix  until  di: 
solved,  and  add  to  solution  A.  Make  up  total  volume  to  1  lite 

Procedure.  Treat  a  20-ml.  sample  with  2  ml.  of  the  aci 
molybdate  reagent.  After  5  minutes,  add  4  ml.  of  sodium  cii 
rate  and  mix.  Reduce  with  1  ml.  of  the  amino  acid  reagen 
Read  %  T  in  the  spectrophotometer  after  1  minute  at  700  m/ 
using  either  19-mm.  or  40-mm.  cells.  Add  7  ml.  of  distille 
water  to  20  ml.  of  sample  for  reference  solution.  Determin 
p.p.m.  of  silica  from  the  proper  C-T  curve. 

RECENT  MODIFICATIONS 

During  the  carry-over  study  it  became  evident  that  the  sens 
tivity  of  the  test  could  be  increased.  Straub  ( 9 )  had  obtaine 
better  sensitivity  by  maintaining  a  low  pH.  The  sensitivity  ( 
the  authors’  test  was  increased  by  omitting  the  sodium  citrat 
in  phosphate-free  samples.  A  check  on  the  method  showed 
sample  pH  of  1.96  after  the  addition  of  sulfuric  acid-molybdal 
reagent,  and  5.0  after  the  addition  of  sodium  citrate.  Since  tt 
test  appeared  so  desirable  in  many  respects,  an  attempt  to  in 
prove  the  sensitivity  seemed  in  order. 

The  literature  revealed  several  pertinent  facts.  Knudsoi 
Juday,  and  Meloche  (3)  show  maximum  development  of  thi 


A  method  for  the  determination  of  solu¬ 
ble  silica  in  very  pure  central  station  steam 
or  condensate  is  discussed  applicable  to 
the  determination  of  silica  in  low  concen¬ 
trations  (or  in  small  samples)  in  any  water. 
Its  sensitivity  allows  Nessler  tube  com¬ 
parison  for  values  of  silica  as  low  as 
0.02  p.p.m.  A  procedure  for  develop¬ 
ing  temporary  molybdenum  blue  color 
standards  of  long  stability  is  presented. 
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fellow  silicomolybdate  at  a  pH  between  1.6  and  2.0  using  sul- 
uric  acid.  They  verify  the  mole  ratio  as  being  1  Si02  to  12 
VI0O3,  and  establish  that  a  relatively  small  excess  of  molybdate  is 
lecessary  to  ensure  completion  of  the  silicomolybdate  reaction. 
These  authors  use  a  100-ml.  sample  and  measure  values  as  low  as 
>.l  p.p.m  of  silica  by  comparing  the  yellow  color  developed. 


PARTS  PER  MILLION  SILICA 
Figure  1 .  Comparison  of  Silica  Test  Methods 

"he  silicomolybdate  reaction  is  indicated  as  being  complete 
,’ithin  5  minutes.  Schwartz  (6)  measures  the  yellow  silicomolyb- 
ate  color  and  uses  oxalic  acid  to  prevent  phosphate  interference, 
le  indicates  the  reaction  in  destroying  phosphomolybdate  to  be 
M0O3  to  1  (COOH)2.  Straub  ( 9 )  also  has  used  oxalic  acid  in 
reduction  method.  A  statement  in  the  bibliography  by 
chwartz  (7)  indicates  that  tartaric  acid  or  citric  acid  will  prevent 
hosphate  interference.  In  their  work  on  the  molybdenum  blue 
saction,  Woods  and  Mellon  (11)  show  that  in  some  cases  the 
ulfuric  acid-molybdate  reagent  is  superior  to  hydrochloric  acid- 
lolybdate  reagent  and  that  chlorostannous  acid  is  a  superior  re- 
ucing  agent.  Snell  (8)  suggests  the  use  of  excess  phosphoric 
cid  to  prevent  iron  and  phosphate  interference.  Thayer  (10) 
idicates  that  iron  must  be  removed. 

From  all  this  information  it  appeared  that  a  very  practical  and 
atisfactory  test  for  low  values  of  silica  might  be  evolved.  The 
hosphoric  acid  method  was  eliminated  as  impractical  for  rapid 
outine  work.  A  100-ml.  sample  was  chosen  since  the  effect  of  re¬ 
gents  would  be  less  in  the  larger  volume.  The  mixed  sulfuric 
cid-molybdate  reagent  was  retained  because  of  its  known  sta- 
ility  and  its  acceptance  by  some  investigators.  A  pH  check 
nd  calculations  of  the  silica-molybdate  ratio  indicated  the  ad- 
antage  of  increasing  the  acidity  of  this  reagent  to  allow  use  of  1 
d.  per  100  ml.  of  sample.  Because  of  its  expected  value  in  pre- 
enting  iron  interference,  tartaric  acid  was  chosen  as  the  reagent 
3  destroy  phosphomolybdate,  the  strength  and  amount  of  this 
;agent  to  supply  an  excess  being  calculated  from  the  relationship 
M0O3  to  1  (COOH)2.  Four  milliliters  of  a  10%  solution  were 
jund  to  supply  sufficient  excess  and  also  to  maintain  proper  pH. 
>ne  milliliter  of  the  amino  acid  reagent  supplied  ample  reductant. 
Concentration-transmittance  curves  were  developed  for  this 
Method.  For  both  the  18-mm.  and  40-mm.  optical  depths  they 
re  linear  for  the  low  values  being  investigated.  With  this 
Method,  70%  T  is  equivalent  to  0.85  and  0.33  p.p.m.  of  silica, 
sspectively. 

The  sensitivity  of  the  chlorostannous  acid  reductant  was 
hecked  upon  by  developing  a  second  40-mm.  optical  depth  C-T 
urve,  the  amino  acid  reductant  being  replaced  by  the  chloro- 
tannous  acid  as  used  by  Woods  and  Mellon  (11),  which  was 


found  to  be  slightly  more  sensitive.  However,  the  amino  acid 
was  chosen  over  the  chlorostannous  acid  because  of  its  greater 
stability. 

A  silica-free  water  is  required  for  accurate  silica  C-T  standards 
and  for  making  up  reagents.  Distillation  of  turbine  condensate 
in  a  small  laboratory  still  with  subsequent  storage  in  a  tin-lined 
tank  now  supplies  a  high-grade  product.  A  blank  reading  for 
reagents,  kept  in  Pyrex  bottles,  has  not  exceeded  0.025  p.p.m. 
of  silica  for  this  modified  method.  As  yet  no  limit  has  been  found 
for  length  of  reagent  life,  reagents  as  old  as  4  months  have  not 
exceeded  the  above  blank  value.  The  marked  increase  in  sensi¬ 
tivity  of  the  modified  method  over  previous  methods  is  shown 
in  Figure  1. 


Table  I.  Standard  Solution  Comparison 


Origin  of 

P.p.m. 

Theo¬ 

% 

P.p.m. 

from 

Gravi¬ 

metric 

%  Devia¬ 
tion  from 
Gravi¬ 
metric 

Standard 

Comparison 

retical 

T 

Curve 

Curve 

A.P.H.A.  colorimetric. 

9-23-41 

10  ml.  of  sulfite 

1.0 

87.0 

0.9 

-10 

Same,  9-30-42 

10  ml.  of  sulfite 

1.0  . 

87.0 

0.9 

-10 

Gravimetric® 

10  ml.  of  sulfite 

1.0 

86.0 

1.0 

Gravimetric 

Amino  acid 

1.0 

61.0 

1.0 

Purchased6  6-8-43 

Amino  acid 

1.0 

61.0 

1.0 

o' 

Same,  1-2-44 

Amino  acid 

1.0 

61.0 

1.0 

0 

Same,  1-2-44 

Modified 

0.40 

65.2 

0.40 

Na2SiOs.9H20  c.p., 

fresh,  1.255  grams  + 

1  gram  of  NaOH/250 

ml. 

Modified 

0.40 

63.2 

0.43 

+  7.50 

Same,  old 

Modified 

0.40 

63.5 

0.425 

+  6.25 

Na2Si03,  commercial®, 

0.5083  gram  +  1 

gram  of  NaOH/250 

ml. 

Modified 

0.40 

64.5 

0.41 

+  2.50 

°  In  hard-rubber  container. 

6  W.  H.  &  L.  D.  Betz,  rosin-lined  container. 
c  Cowles  Detergent  Co.  (Dry met),  barrel  previously  opened. 


EFFECTS  OF  IONS  AND  CONDITIONS  ON  THE  MODIFIED  METHOD 

Orthophosphate  may  be  present  in  steam  as  a  result  of  some 
boiler  operating  disturbance.  It  was  found  that  tartaric  acid 
entirely  prevents  interference  of  this  ion  in  any  concentration 
up  to  the  theoretical  limits  of  the  reagents.  Other  organic 
acids,  such  as  citric  or  oxalic,  are  known  to  be  equally  effective. 

The  rate  of  color  development  after  reduction  is  shown  in 
Figure  2.  It  is  apparent  that  the  time  required  for  complete 
color  development  increases  with  concentration.  Twenty 
minutes  is  considered  ample  time  within  the  proper  temperature 
range.  A  C-T  curve  made  up  without  regard  to  complete  color 
development  will  tend  to  deviate  from  the  linear. 

Silica  standard  solutions  were  investigated  to  determine  their 
accdracy  and  stability.  Solutions  used  in  developing  the  pre¬ 
ceding  curves,  one  made  as  described  in  the  literature  (11)  and 
another  made  from  a  commercial  anhydrous  sodium  metasilicate, 
are  compared  in  Table  I.  The  solution  standardized  by  the 
A.P.H.A.  method  (1)  using  the  chromate  standards  was  found 
somewhat  low.  The  nonhydrate  (Na2Si02.9H20),  whether  fresh 
or  old  solid,  was  found  to  deviate  considerably  from  the  theoreti¬ 
cal  value.  The  other  solutions  were  acceptable  as  standards. 
Solutions  have  been  found  stable  in  a  hard-rubber  container  for  at 
least  one  year  and  in  rosin-lined  containers  for  at  least  7  months. 
Investigators  have  shown  (5)  that  silica  solutions  thus  stored  will 
not  deteriorate. 

Variations  in  sample  temperature  were  found  permissible  in  a 
range  at  least  10°  plus  or  minus  a  normal  75°  F.  laboratory  tem¬ 
perature.  The  temperature  effect  is  shown  in  Table  II. 

Iron,  present  in  high  quality  steam  and  condensate,  is  normally 
in  concentrations  less  than  0.1  p.p.m.  Neither  ferrous  nor  fer¬ 
ric  iron  alone  causes  interference  in  this  modified  procedure. 
The  effect  of  iron  alone,  iron  with  phosphate,  iron  with  silica, 
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Table  II.  Effect  of  Sample  Temperature 


Sample 

Temperature 

Theoretical 

Curve 

Difference 

o  pi. 

P.p.m. 

P.p.m. 

P.p.m. 

62 

0.200 

0.192 

-0.008 

69 

0.200 

0.192 

-0.008 

84 

0.200 

0.204 

+  0.004 

92 

0.200 

0.213 

+  0.013 

67 

0.100 

0.084 

-0.016 

73 

0.100 

0.100 

0 

93 

0.100 

0.085 

-0.015 

93 

0.050 

0.048 

-0.002 

68 

0.050 

0.040 

•  -0.010 

Figure  2.  Color  Development  at  Varying  P.P.M. 
Concentration 


pounds  makes  it  important  that  the  blank  reference  consisting 
of  100  ml.  of  sample  and  6  ml.  of  distilled  water  be  used.  As  maj 
be  seen  in  Table  IV,  no  practical  interference  from  the  organic 
compounds  investigated  is  then  evident. 

Modified  Method  Reagents.  Sulfuric  Acid  Molybdate 
Reagent.  To  75  grams  of  ammonium  molybdate  dissolved  ir 
silica-free  water,  add  322  ml.  of  10  N  sulfuric  acid  and  make  up 
to  1  liter. 

Tartaric  Acid  Reagent,  10  grams  of  tartaric  acid  added  to  10( 
ml.  of  silica-free  water. 

l-Amino-2-naphthol-4-sulfonic  Acid  Reagent.  Same  as  for  the 
previous  amino  acid  reduction  method. 

Phosphate  Solution  for  Removing  Molybdate,  5.02  grams  o 
potassium  dihydrogen  phosphate  per  liter. 

Procedure.  To  100  ml.  of  sample  add  1  ml.  of  acid-molvb 
date  reagent.  After  5  minutes  add  4  ml.  of  tartaric  acid  solutioi 
and  mix.  Reduce  with  1  ml.  of  the  amino  acid  solution.  Reac 
%  T  in  spectrophotometer  after  20  minutes  (10  minutes  for  value: 
less  than  0.1  p.p.m.),  at  700  mu  with  18-mm.  or  40-mm.  cell 
For  reference  solution  use  sample  plus  6  ml.  of  water.  Deter 
mine  p.p.m.  of  silica  from  proper  C-T  curve. 

A  periodic  silica  determination  on  100  ml.  of  silica-free  distillei 
water  supplies  a  blank  value  showing  the  effect  of  reagents. 

Note.  When  it  is  desired  to  remove  excess  molybdate  witl 
phosphate  solution,  add  1  ml.  of  the  phosphate  reagent  at  leas 
1  minute  before  treatment  with  the  tartaric  acid. 


Table  IV.  Effect  of  Organic  Compounds 


Organic  Compound  Present 


Silica 

Lignin 

Chestnut 

Present 

Found 

Difference 

derivative 

tannin 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

0 

0.01 

0.01 

10.0 

0 

0 

0 

5.0 

0 

0.01 

0.01 

10.0 

0.05 

0.05 

0 

0.1 

0.05 

0.055 

0.005 

6.1 

0.20 

0.20 

0 

0.1 

0.20 

0.20 

0 

5.0 

0.20 

0.205 

0.005 

10.0 

0.20 

0.20 

0 

o.i 

0.20 

0.20 

0 

5.0 

and  iron  with  both  phosphate  and  silica  is  shown  in  Table  III. 
The  combination  of  ferrous  iron  and  phosphate  cannot  be  toler¬ 
ated  since  the  iron  reduces  any  phosphomolybdate  that  is  formed. 
The  presence  of  this  combination  in  steam  or  condensate  is  un¬ 
likely. 

The  effect  of  organic  compounds  was  investigated  because  of 
academic  interest.  The  highly  colored  nature  of  these  com- 


Table  III.  Effect  of  Iron  and  Orthophosphate 


Present 

Silica  as  SiOz 

Found  Difference 

Combi¬ 

nation 

Permis¬ 

sible 

Ferric 

Iron 

Present 

Ferrous 

Iron 

Present 

Phos¬ 

phate 

Present 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

0 

0 

0 

Yes 

0.5 

0 

0 

0 

Yes 

1.0 

0 

0 

0 

Yes 

2.5 

0 

0 

0 

Yes 

0.5 

0 

0 

0 

Yes 

1.0 

0 

0 

0 

Yes 

2.5 

0.1 

0.1 

0 

Yes 

1.0 

0 

0 

0 

Yes 

1.0 

6.7 

0.1 

0.1 

0 

Yes 

0.5 

0.1 

0.1 

0 

Yes 

0.7 

0.1 

0.1 

0 

Yes 

1.4 

0.2 

0.2 

0 

Yes 

6.5 

1.4 

0 

0 

0 

Yes 

0.5 

1.4 

0 

0.1 

0.1 

No 

1.0 

0.7 

0.05 

0.09 

0.04 

No 

1.0 

0.7 

0.1 

0.1 

0 

Yes 

1.0 

0.2 

0.2 

0 

Yes 

1.0 

NESSLER  TUBE  COMPARISON 

The  sensitivity  of  the  modified  test  allows  color  matches  a 
low  as  0.02  p.p.m.  in  50-ml.  Nessler  tubes.  An  attempt  to  pro 
long  the  life  of  temporary  Nessler  tube  standards  has  prove< 
effective.  The  method  consists  of  removing,  after  the  silica  re 
action  is  complete,  all  the  active  molybdate  in  the  treated  sampl 
as  phosphomolybdate  and  then  destroying  the  phosphomolyb 
date  with  the  organic  acid  being  used  for  that  purpose.  Th 
resulting  molybdenum  blue  is  identical  with  that  obtained  whei 
excess  molybdate  is  present.  Standards  in  stoppered  50-m 
Nessler  tubes  remain  stable  for  long  periods.  Tubes  kept  a 
room  temperature,  exposed  to  the  sunlight  part  of  the  day,  ar 
stable  at  this  writing,  18  days  after  treatment.  The  tubes  ar 
18  mm.  in  diameter,  permitting  comparative  readings  directly  i) 
the  spectrophotometer.  Visual  checks  against  fresh  standard 
indicate  stability  to  the  eye  as  well  as  by  instrument. 

Note:  Since  the  preparation  of  the  original  manuscript  th 
molybdenum  blue  color  standards  thus  developed  have  beei 
found  satisfactory  for  phosphate  color  standards  as  well  as  fo 
silica  standards  when  kept  in  sealed  comparison  bottles. 

•  CONCLUSION 

The  modified  amino  acid  reduction  method  for  silica  deter 
mination  has  proved  very  satisfactory  and  highly  practical  fo 
routine  power  plant  testing  of  high  quality  steam.  The  stabilit; 
of  the  color  allows  samples  to  be  treated  in  rapid  succession  an 
then  all  measured  in  a  series  later.  There  need  be  little  regar 
for  time  after  the  required  20  minutes  for  maximum  reductiori 
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"he  sensitivity  of  the  method  and  long  color  stability  after  re¬ 
liction  allow  Nessler  tube  comparison  outside  the  laboratory, 
"he  proper  preparation  and  storage  of  silica-free  water  is  essen- 
ial  when  testing  for  low  silica  concentration.  Test  conditions 
re  not  critical  and  no  practical  interference  from  ions  other  than 
ilica  has  been  observed. 
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Quantitative  Separations  with  an  Exchange  Adsorber 

LAURENCE  D.  FRIZZELL 
Northwestern  University,  Evanston,  III. 


A  SIMPLE  quantitative  procedure  has  been  devised  to  sepa- 
rate  cations  from  anions  in  water  solution  with  a  solid  ion- 
cchange  adsorber.  Separations  that  demonstrate  the  pos- 
bilities  of  the  method  have  been  made  with  a  precision  and  ac- 
lracy  as  quantitative  as  the  methods  of  determination. 

The  purpose  of  this  work  was  an  examination  of  the  many  ad- 
irbers  readily  available  for  possible  use  in  analytical  chem- 
try,  development  of  a  method  for  the  quantitative  separation 
inorganic  cations  from  anions  in  water  solution,  application 
this  method  to  several  kinds  of  cations  and  anions, 
id  a  brief  examination  of  its  limitations. 

A  typical  application  of  the  method  would  be 
ie  separation  and  subsequent  determination  of 
>pper  and  sulfate  in  a  solution  of  copper  sulfate, 
n  equation  for  such  a  separation  would  be: 

3+A'  +  Cu++  4-  SO;  Cu++A2'  +  2H+  +  SOI 

here  A'  is  one  equivalent  of  adsorber.  The 
u++A2  quantitatively  separates  the  copper  from 
ie  sulfate.  The  adsorber  is  washed  with  water 
id  the  sulfate  determined  in  a  solution  containing 
lly  one  cation,  hydrogen  ion.  The  copper  is 
moved  from  the  adsorber  with  hydrochloric  acid 
id  determined  in  the  resulting  solution. 


EXPERIMENTAL 

A  suitable  exchange  adsorber  for  quantitative 
parations  must  be  a  reagent  chemical.  It  should 
so  have  the  following  properties:  a  large  adsorp- 
ve  capacity  per  gram  of  adsorber,  a  rapid  ex- 
lange  of  substances  between  adsorber  and  sur- 
'Unding  solution,  stability,  both  chemical  and 
echanical,  rapid  and  quantitative  removal  of 
ladsorbed  substances  with  a  small  volume  of 
ash  solution,  and  rapid  quantitative  removal  of 
Isorbed  substances. 

Analytical  separations  of  sodium  (5,  7,  8),  cop- 
:r  (<?),  iron  (5-8),  calcium  (5-8),  chloride  (6,  8), 
ilfate  (4,  5,  7,  8),  and  phosphate  (6,  8),  included  in 
tis  work  have  been  made  by  a  similar  method, 
he  general  properties  and  uses  of  many  available 
Isorbers  have  been  described  (2,  9). 


Many  experiments  showed  Zeo-Karb  to  be  a  satisfactory  ad¬ 
sorber.  The  commercial  adsorber  obtained  from  the  Permutit 
Company  has  many  common  cations  on  it,  especially  sodium  ion, 
and  it  also  contains  sulfate  ion.  These  must  be  removed  and  the 
adsorber  prepared  as  a  reagent  chemical  with  hydrogen  ion  as 
the  adsorbed  cation.  This  is  done  by  placing  the  adsorber  in 
the  apparatus  described  below  and  applying  operation  4  for  sev¬ 
eral  hours. 

Separation  Apparatus.  The  apparatus  shown  in  Figure  1 
was  designed  and  developed  from  work  with  a 
0.1  N  solution  of  ferric  chloride  and  proved  satis¬ 
factory  for  other  separations.  Twenty  grams  of 
dry  adsorber  were  wet  with  water  and  placed  on  a 
mat  of  glass  wool  in  the  primary  adsorber,  P,  with 
the  tube,  E,  in  the  center  of  the  adsorber.  Five 
grams  of  adsorber  were  similarly  placed  in  the  sec¬ 
ondary  adsorber,  S.  The  solutions  were  run  through 
P  and  S  with  gravity  flow  and  the  apparatus  is 
designed  to  adjust  the  rate  of  flow  and  time  of  con¬ 
tact  to  give  the  desired  quantitative  separations. 
Three  apparatus  were  used. 

Procedure  for  Separations.  Each  separation 
began  with  reagent  adsorber  with  only  hydrogen  ion 
adsorbed  on  it. 


1.  The  apparatus  was  dismantled  and  washed 
with  water  to  remove  hydrochloric  acid,  then  100 
ml.  of  water  were  allowed  to  run  through  P  and  50 
ml.  of  water  through  S.  P  and  S  were  connected 
and  200  ml.  of  water  were  run  through  P  and  S 
as  fast  as  it  ran  through  S.  Water  was  added  to 
P  just  to  cover  the  adsorber  and  then  a  little  more 
was  added  to  cause  siphoning.  A  volume  of  5  to 
7  ml.  was  added  each  time. 

2.  A  25-ml.  portion  of  solution  was  measured  in 
a  pipet  and  50  ml.  of  water  were  added  to  it.  The 
solution  was  added  to  P  and  allowed  to  run  through 
P  and  S  as  in  operation  1.  The  volume  of  the  pipet 
used  was  24.91  ml. 

3.  Adsorbers  P  and  S  were  then  washed  with 
200  ml.  of  water  as  in  operation  1.  The  wash¬ 
ings  from  2  and  3  were  collected  together  to  de¬ 
termine  the  anion. 

4.  Twenty-five  milliliters  of  6  IV  hydrochloric 
acid  were  placed  in  the  250-ml.  flask,  F,  and  all 
parts  of  the  apparatus  were  connected.  The  hydro- 
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chloric  acid  was  distilled  through  P  and  S  for  2  hours.  The 
cation  was  determined  in  the  solution  in  flask  F .  Three  hours 
were  required  to  make  a  separation;  for  2  of  the  3  hours  no 
personal  attention  was  required. 

Reagents.  Analytical  reagent  chemicals  were  used  and 
potassium  dichromate,  sodium  oxalate,  ammonium  dihydrogen 
phosphate,  calcium  carbonate,  and  boric  acid  were  further 
purified  by  crystallization. 

Separations.  The  procedures  for  the  determinations  were 
adapted  from  textbooks  (/,  3).  Solutions  of  ferric  chloride, 
copper  sulfate,  sodium  oxalate,  ammonium  dihydrogen  phos¬ 
phate,  and  calcium  borate  were  prepared  of  determinate  or  de¬ 
termined  concentration.  The  ions  of  each  solution  were  sepa¬ 
rated  by  the  above  procedure  and  the  quantity  <?f  each  ion  was 
determined  after  the  separation.  Four  or  more  determinations 
of  each  ion  were  made  where  necessary  in  each  solution  before 
the  separations  and  the  average  values  were  considered  the  cor¬ 
rect  values.  The  precision  of  the  results  is  the  difference  be¬ 
tween  the  extreme  values  over  the  average  value  in  parts  per 
thousand  and  the  accuracy  is  the  difference  between  a  determined 
value  and  the  correct  value  over  the  correct  value  in  parts  per 
thousand.  The  results  of  the  separations  are  given  in  Table  I. 

DISCUSSION  OF  RESULTS 

The  first  three  results  of  Table  I  were  secured  in  an  apparatus 
that  had  been  used  many  times.  The  precision  of  these  results 
for  iron,  0.8  part  per  1000,  compares  favorably  with  the  pre¬ 
cision  of  the  determinations  before  the  separations,  1.6  parts 
per  1000.  The  accuracy  is  +0.4  to  +1.2  parts  per  1000.  The 
first  three  results  for  chloride  have  a  precision  of  0.5  part  per  1000 
compared  with  1.4  parts  per  1000  for  the  original  solution.  The 
accuracy  of  the  chloride  results  is  +5.0  parts  per  1000.  These  high 
results  appear  to  be  a  property  of  the  apparatus  and  are  not  due 
to  incomplete  washing.  The  other  results  for  iron  and  chloride 
from  the  same  original  solution  were  obtained  from  an  apparatus 
that  had  been  used  very  little.  These  and  many  similar  results 
show  that  a  seasoned  apparatus  is  needed  to  give  consistent  re¬ 
sults  of  sufficient  precision  and  accuracy. 

Two  approximately  0.2  N  solutions  of  copper  sulfate  were 
used.  The  amount  of  copper  was  determined  and  the  same 
amount  of  sulfate  was  assumed  present.  One  solution,  5.117 
milliequivalents,  gave  the  first  four  results  in  the  table  and  a  solu¬ 
tion  of  5.079  milliequivalents  gave  the  other  results.  Precisions  of 
the  copper  results  are  1.8  and  1.2  parts  per  1000  and  the  accuracies 
are  — 1.8  to  0  and  0  to  +1.2  parts  per  1000,  respectively.  The  pre¬ 
cisions  of  the  results  for  sulfate  are  4.3  parts  per  1000  for  the 
first  solution  and  7.8  parts  per  1000  for  the  second  solution.  The 
accuracy  of  these  values  is  +1.4  to  —2.9  parts  per  1000  for  the 
first  solution  and  +4.1  to  —3.7  parts  per  1000  for  the  second 
solution.  This  prevents  the  use  of  a  constant  for  the  apparatus. 
The  adsorber  contains  sulfate,  so  such  accuracy  is  not  unex¬ 
pected. 

The  determinations  of  sodium  and  oxalate  after  the  separa¬ 
tions  required  blanks.  The  blank  for  sodium  was  determined 
by  following  the  entire  procedure  and  gave  an  average  of  0.0380 
milliequivalent  of  sodium  from  eight  determinations.  The  wash 
solution  from  operation  1  was  used  for  the  oxalate  blank  and  gave 
an  average  of  0.0220  milliequivalent  from  nine  determinations. 
The  sodium  oxalate  solution  was  determinate  and  the  calculated 
milliequivalent  of  sodium  was  2.492.  This  shows  that  the  blank 
for  sodium  is  too  small  by  about  0.014  milliequivalent  and  that 
the  sodium  removed  from  the  adsorber  by  a  blank  determination 
is  not  the  same  as  the  sodium  removed  when  an  exchange  occurs. 
The  error  for  sodium  is  calculated  by  considering  2.492  milli¬ 
equivalents  the  correct  value  for  sodium.  A  precision  of  3.6 
parts  per  1000  and  an  accuracy  of  +3.6  to  +7.2  parts  per  1000 
are  obtained.  A  blank  of  0.052  milliequivalent  of  sodium  would 
give  equal  precision  and  accuracy.  The  errors  for  the  oxalate 
determinations  are  calculated  from  the  average  value,  2.492 


milliequivalents,  obtained  by  comparing  the  permanganate  am 
oxalate  solutions.  The  precision  and  accuracy  for  all  the  oxalab 
results  are  less  than  2.0  parts  per  1000. 

The  ammonium  dihydrogen  phosphate  solution  was  deter 
minate  but  determined  values  for  ammonium  and  phosphate  wen 
obtained  and  used  as  the  correct  values.  The  calculated  value 
for  milliequivalents  of  ammonium  ion  is  2.491  and  the  deter 
mined  value  is  2.489.  The  values  obtained  after  the  separation 
show  a  precision  of  1.2  parts  per  1000  and  an  accuracy  of  +6.( 
to  +7.2  parts  per  1000-  This  indicates  that  a  constant  of  0.01  < 
milliequivalent  should  be  applied  and  results  would  be  equalb 
precise  and  accurate.  The  calculated  value  for  phosphati 
is' 2.492  milliequivalents  and  the  determined  value  is  2.497  milli 
equivalents.  The  precision  is  3.6  parts  per  1000  and  the  ac 
curacy  is  +1.2  to  —2.4  parts  per  1000. 


Table  I.  Milliequivalents  of  Ions  Found  after  Separations 

(Present  in  original  solution:  iron  2.549,  chloride  2.018  milliequivalents 


Fe 

Cl 

Cu 

SOi 

Na 

C204 

nh4 

PO, 

Ca 

B02 

2.552 

2.027 

5.108 

5.124 

2.506 

2.488 

2.505 

2.500 

2.486 

2.49 

2.550 

2.028 

5. 108 

5. 107 

2.509 

2.491 

2.504 

2.494 

2.486 

2.48' 

2.551 

2.027 

5.117 

5.102 

2.506 

2.490 

2.504 

2.495 

2.494 

2.49 

2.562 

2.018 

5.117 

5.106 

2.501 

2.490 

2.507 

2.496 

2.495 

2.48' 

2.558 

2.037 

5.079 

5.097 

2.510 

2.490 

2.504 

2.492 

2.486 

2.49 

2.032 

5.085 

5.100 

, . . 

2.505 

2.491 

2.494 

2.491 

5.079 

5.060 

•  •  • 

2.494 

2.49 

5.085 

5.064 

•  • . 

.  .  . 

... 

... 

Determinate  0.1  N  calcium  borate,  0.1  N  calcium  chloride,  an< 
0.1  IV  boric  acid  solutions  were  prepared  and  the  comparison  o 
the  two  latter  solutions  with  solutions  of  potassium  permanganab 
and  carbon  dioxide-free  sodium  hydroxide,  respectively,  gavi 
determined  values  for  the  original  solutions  to  compare  witl 
values  after  the  separations:  2.492  milliequivalents  of  calciun 
and  2.492  milliequivalents  of  borate.  Precision  of  the  calciun 
results  is  3.6  parts  per  1000  and  the  accuracy  is  +1.2  to  —  2.‘ 
parts  per  1000.  Precision  of  the  borate  results  is  0.8  part  pe 
1000  and  the  accuracy  is  —0.4  to  — 1.2  parts  per  1000. 

Limitations  of  the  Method.  Conditions  for  a  successfu 
separation  are  a  small  total  ion  concentration  and  a  pH  of  thi 
solution  not  less  than  2  and  preferably  about  4.  This  procedur< 
applied  to  0.1  IV  solutions  of  potassium  dichromate,  potassiun 
bromate,  and  potassium  iodate  gave  reduction  of  the  anions 
The  iodide  in  a  0.1  N  potassium  iodide  solution  was  oxidized  t< 
iodine  on  the  adsorber. 

SUMMARY 

The  adsorber  Zeo-Karb  used  in  a  simple  apparatus  gave  separa 
tions  of  cations  and  anions  in  solutions  of  ferric  chloride,  coppe: 
sulfate,  sodium  oxalate,  ammonium  dihydrogen  phosphate,  anc 
calcium  borate  as  quantitative  as  the  methods  used  to  determini 
these  ions  with  the  exception  of  sulfate  ion.  The  separations  o 
sulfate  are  quantitative  enough  to  be  useful  when  other  methods 
are  not  available.  The  acid  and  reducing  properties  of  the  ad¬ 
sorber  limit  the  usefulness  of  this  method  to  ions  not  adverselj 
affected  by  these  properties. 
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ubstitution  (evidenced  by  formation  of  hydrobromic  acid)  has  been 
sund  to  occur  for  a  variety  of  olefins  including  isobutylene  polymers, 
entene-2,  hexenes,  and  octene-1,  when  bromate-bromide  reagents 
re  employed  for  determining  unsaturation.  Halohydrin  forma- 
on  with  generation  of  an  equivalent  amount  of  hydrobromic  acid  is 
egligible  if  the  reagents  contain  a  high  concentration  of  bromide  ion. 
romine  numbers  approaching  theory  have  been  obtained  on  some 
f  the  compounds  studied,  such  as  diisobutylene  and  trimethylethyl- 
ne,  even  though  substitution  occurs.  This  is  possible  only  if  the 
eparture  from  the  expected  reaction  is  automatically  compen- 
ited.  The  bromine  substitution  product  seems  to  be  relatively 
idifferent  to  further  bromination  either  by  substitution  or  by  addi- 
on.  While  bromine  numbers  obtained  on  certain  petroleum  frac- 
ons  may  be  somewhat  misleading,  the  method  is  still  recommended 
>r  general  analysis  until  a  more  direct  method  is  found. 


N  A  previous  article  ( 9 )  the  authors  presented  data  showing 
|  that  the  theoretical  bromine  number  of  diisobutylene  and  tri- 
lethylethylene  could  be  obtained  by  employing  a  modification 
|f  the  Francis  method  ( 2 ).  The  modification  failed,  however, 
b  give  theoretical  values  for  the  higher  polymers,  tri-  and  tetra- 
iobutylene.  Since  these  data  were  published,  a  study  has  been 
mde  to  determine  whether  other  procedures  would  give  reliable 


Buc  (1 )  has  reported  that  in  the  case  of  highly  branched  olefins 
in  the  higher  molecular  weight  ranges,  the  major  reaction  with 
halogens  in  general  consists  of  substitution.  He  employed  re¬ 
agents  saturated  with  potassium  bromide. 

Recent  data  obtained  on  a  number  of  straight-  and  branched- 
chain  olefins  (including  diisobutylene  and  pentene-2)  show  that 
halohydrin  formation  with  generation  of  an  equivalent  amount 
of  hydrobromic  acid  does  not  occur  to  any  appreciable  extent 
when  reagents  saturated  with  potassium  bromide  are  used  for 
measuring  unsaturation.  It  is  believed  that  the  major  amount 
of  hydrobromic  acid  found  in  the  following  experimental  work  is 
due  to  substituted  halogen  in  the  molecule.  For  the  sake  of  con¬ 
sistency  it  is  thus  preferred  to  use  the  term  “substitution”  to 
account  for  the  total  amount  of  halogen  acid  determined  in  each 
experiment. 

It  is  obvious  that  in  cases  where  substitution  occurs  to  any 
appreciable  extent,  a  measure  of  unsaturation  based  on  bromine 
addition  will  not  be  reliable.  In  view  of  the  apparent  occurrence 
of  both  addition  and  substitution,  a  quantitative  study  has  been 
made  of  the  extent  to  which  each  takes  place  to  determine  whether 
conditions  exist  which  will  permit  substantially  complete  addi¬ 
tion  before  appreciable  substitution  occurs. 

DEFINITIONS 


nsaturation  values  for  all  three  isobutylene  polymers. 

i  The  procedures  investigated  were  based  on  addition  of  bromine 
nd  thiocyanogen  iodide  to  the  double  bond,  and  included  those 
f  Mcllhiney  (10,  11),  Kaufmann  and  Grosse-Oetringhaus  (7), 
Thrig  and  Levin  (13),  and  certain  unpublished  modifications  of 
he  Lewis  and  Bradstreet  method.  All  these  methods  gave  in- 
lOnsistent  results,  and  in  all  cases  except  the  thiocyanogen 
xlide  procedure  extensive  formation  of  hydrobromic  acid 
ccurred.  The  formation  of  halogen  acid  is  in  line  with  the  ob- 
ervations  of  previous  investigators. 

Hal’pern  (4)  states  that  bromometric  analysis  by  the  methods 
f  Mcllhiney  and  of  Kaufmann  (6,  8)  is  usually  accompanied  by 
volution  of  hydrogen  bromide,  although  the  main  mass  of  this 
cid  is  not  necessarily  the  result  of  substitution.  In  a  study  of 
dnene  with  Kaufmann’s  reagent,  Hal’pern  concluded  that  the 
irimary  products  of  interaction  of  unsaturated  compounds  with 
promine  are  not  1,2-dibromides.  He  considers  them  to  be  un¬ 
table  bromides  which  are  rearranged  immediately  to  form  the 
table  dibromides  or  are  decomposed  into  hydrogen  bromide  and 
insaturated  monobromides,  with  the  possibility  of  the  formation 
■f  a  new  compound  that  would  be  incapable  of  adding  bromine. 

Kaufmann  (6,  8)  utilized  a  solution  of  bromine  in  methanol 
aturated  with  sodium  bromide  for  determining  bromine  numbers 
■f  various  organic  compounds.  In  verifying  the  method  by 
iletermining  the  total  amount  of  bromine  consumed  he  found  the 
•alues  obtained  were  always  the  same  as  those  calculated  and  he, 
herefore,  assumed  that  the  double  bond  was  saturated  without 
he  formation  of  substitution  products.  Contrary  to  such  a 
upposition,  Jordan  (5)  found  when  titrating  styrene  and  indene 
>y  the  same  method  that  one  half  of 
he  bromine  consumed  was  present  ™  ,  ,  ... 

n  the  bromination  flask  as  hydro-  tTotal  we^ht  of  bromine 

iromic  acid. 

Francis  (3)  reported  that  saturation 
»f  double  bonds  with  bromine  water  gives  principally  the  bromo- 
lydrin  derivatives  and  that  the  relative  amount  of  dibromide 
ormation  is  just  as  small  with  bromine  water  in  4  N  sulfuric  acid, 
n  which  the  concentration  of  hypobromous  acid  is  negligible, 
hough  the  rate  of  saturation  is  less  than  one  thousandth  as  great. 

Terry  and  Eichelberger  (12)  have  shown  that  bromohydrin 
ormation  can  be  prevented  in  the  case  of  sodium  maleate  and 
odium  fumarate  by  a  high  concentration  of  sodium  bromide. 


In  treating  the  experimental  data,  it  is  convenient  to  consider 
three  bromine  numbers  (apparent,  substitution,  and  addition) 
having  the  following  definitions: 

1.  Apparent  bromine  number  is  defined  as  the  total  weight  of 
bromine  consumed  when  employing  a  bromine  addition  method. 
The  apparent  bromine  number  is  equivalent  to : 


(Total  weight  of  bromine  added  —  unreacted  bromine) 
weight  of  sample 

RCH=CHR'  +  Br2  RCHBr — CHR'Br 


X  100 


2.  Substitution  number  is  defined  as  the  weight  of  bromine 
contained  in  the  hydrobromic  acid  formed  during  the  addition 
reaction.  The  substitution  number  may  be  expressed  as: 


^Weight  of  hydrobromic  acid  X 


weight  of  sample 


X  100 


3.  Addition  number  is  defined  as  the  weight  of  bromine  that  is 
added  to  a  double  bond  when  determining  unsaturation  by  a 
bromate-bromide  method.  The  addition  number  is  equivalent 
to: 

Apparent  bromine  number  —  2x  substitution  number 


or 


consumed  —  2x  (bromine  equivalent  to  hydrobromic  acid)] 


weight  of  sample 


All  three  numbers  have  the  dimensions 


X  100 


Cg.  of  bromine 
Grams  of  sample 


The  experimental  work  consists  of  a  study  of  addition  and  sub¬ 
stitution  of  bromine  occurring  when  nascent  bromine  generated 
from  a  bromate-bromide  solution  is  employed.  The  reactions 
were  carried  out  under  varying  conditions  described  in  this  paper. 
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Table  I.  Addition  and  Substitution  by  Bromate-Bromide  Method 
without  Excess  Acid 

Bromine 

Consumed 


Theo¬ 

during 

retical 

Apparent 

Substi¬ 

Substi¬ 

Addi¬ 

Tem¬ 

Bromine 

Bromine 

tution 

tution 

tion 

pera¬ 

Compound 

No. 

No. 

No. 

Reaction 

No. 

ture 

Cg./g. 

Cg./g. 

Cg./g. 

Cg./g. 

Cg./g. 

0  C. 

Diisobutylene 

142.4 

123.1 

57.7 

115.4 

7.70 

25 

127.4 

60.1 

120.2 

7.14 

25 

Triisobutylene 

94.9 

49.5 

19.3 

38.6 

10.97 

25 

43.3 

18.9 

37.8 

5.62 

25 

Tetraisobutylene 

71.2 

45.8 

19.2 

38.4 

7.40 

25 

56.0 

23.6 

47.2 

8.80 

27 

INVESTIGATION  OF  SUBSTITUTION  WITH  BROMATE-BROMIDE 
REAGENT 

It  had  been  suspected  for  some  time  that  considerable  substitu¬ 
tion  occurred  when  the  unsaturation  of  highly  branched  olefins 
was  measured  by  the  authors’  method  previously  published  (9). 
The  extent  of  substitution  and  addition  of  bromine  has  been 
examined  when  various  modifications  of  the  method  have  been 
applied  to  measurements  of  unsaturation  in  isobutylene  polymers. 

Use  of  Equivalent  Amount  of  Sulfueic  Acid.  The  follow¬ 
ing  experiment  was  conducted  to  find  out  if  the  apparent  bromine 
number  could  be  obtained  without  the  formation  of  hydrobromic 
acid  by  using  an  exactly  equivalent  amount  of  sulfuric  acid  neces¬ 
sary  for  completion  of  the  reaction  instead  of  an  excess  as  directed 
in  the  original  procedure  (9) .  The  compounds  used  were  di-,  tri-, 
and  tetraisobutylene. 

Procedure.  Twenty  milliliters  of  saturated  potassium  bro¬ 
mide  solution  and  15  ml.  of  n-heptane  are  placed  in  a  250- ml.  glass- 
stoppered  flask,  and  1  ml.  of  sample  is  added.  Sufficient  0.5  A 
potassium  bromate  for  the  sample  plus  1.2-ml.  excess  is  next 
added,  followed  by  an  exactly  equivalent  amount  of  0.5  A  acid. 
The  flask  is  shaken  vigorously  for  2  minutes,  saturated  potassium 
iodide  solution  added,  and  the  liberated  iodine  titrated  with 
0.1  N  thiosulfate,  using  the  disappearance  of  the  iodine  color  as 
an  indicator.  This  titration  represents  the  free  bromine.  Satu¬ 
rated  potassium  iodate  solution  is  now  added,  and  any  iodine 
present  titrated  with  thiosulfate.  The  amount  of  iodine  liber¬ 
ated  is  equivalent  to  the  hydrobromic  acid  formed.  Apparent 
addition  and  substitution  bromine  numbers  are  calculated  as 
shown  above. 

The  data  given  in  Table  I  indicate  not  only  that  the  apparent 
bromine  number  is  too  low,  but  also  that  substitution  occurs 
when  excess  acid  is  not  present. 

Effect  of  Amount  of  Bromate  Solution  on  Apparent 
Bromine  Number.  It  had  been  noted  in  the  original  method  ( 9 ) 
that  after  addition  of  a  few  milliliters  of  bromate  (2  to  4  ml.,  or  a 
fraction  of  the  volume  necessary  for  theoretical  requirements)  to 
samples  of  isobutylene  polymers  and  subsequent  shaking,  a  faint 
yellow  color  was  evident.  If  addition  of  the  reagent  was  stopped 
at  this  point  and  the  sample  was  shaken  for  2  minutes,  the  yellow 
color  often  persisted,  indicating  an  apparent  excess.  Heretofore 
the  procedure  has  been  to  ignore  this  slight  color  and  continue  to 
add  bromate  until  a  strong  brownish  yellow  color  is  obtained 
before  shaking  for  the  specified  2  minutes.  However,  in  the 
actual  determination  of  unsaturation  in  the  compounds,  for  this 
study,  addition  of  bromate  was  purposely  stopped  at  the  first 
sign  of  the  yellow  color.  This  was  taken  as  a  starting  point. 
The  amount  of  bromate  was  increased  for  each  successive  sample 
until  the  volume  of  bromate  represented  an  excess  considerably 
over  the  theoretical  amount  necessary  for  addition. 

Procedure.  Samples  of  0.7  gram  were  added  to  20  ml.  of  10% 
sulfuric  acid  (saturated  with  potassium  bromide)  and  15  ml.  of 
n-heptane  in  a  glass-stoppered  flask,  a  specified  volume  of  0.5  A 
potassium  bromate  was  added,  and  the  mixture  was  shaken  for 
2  minutes.  Potassium  iodide  was  then  added,  and  the  liberated 
iodine  titrated  with  0.1  A  thiosulfate,  using  starch  as  an  indi¬ 
cator.  The  bromine  number  was  calculated  (eg.  per  gram),  and 
the  results  were  tabulated. 


The  values  on  di-,  tri-,  and  tetraisobutylene,  shown  in  Table 
II,  indicate  that  some  reaction  besides  addition  is  taking  place 
otherwise  a  constant  value  should  be  expected  after  the  theoretica 
amount  of  bromate  has  been  added. 

Effect  of  Amount  of  Bromate  on  Substitution.  The 
determination  of  addition  and  substitution  on  di-,  tri-,  anc 
tetraisobutylene  was  made  (1)  by  considering  the  sample  as  ai 
unknown  and  determining  unsaturation  by  the  authors’  origina 
method  (9),  (2)  as  in  (1)  except  that  the  theoretical  amount  o 
bromate  was  added,  and  (3)  as  in  (1)  except  that  the  theoretica 
amount  of  bromate  plus  1-ml.  excess  was  added. 

Procedure  and  calculations.  Exactly  20  ml.  of  10%  sulfurii 
acid  (saturated  with  potassium  bromide)  must  be  added  to  eacl 
sample  in. order  to  determine  the  increase  of  acidity  due  to  forma 
tion  of  hydrobromic  acid.  A  blank  on  the  10%  sulfuric  acid  i: 
first  run  by  diluting  the  acid  to  100  ml.  in  a  glass-stoppered  volu 
metric  flask.  A  5-ml.  aliquot  is  pipetted  into  an  Erlenmeyei 
flask  containing  50  ml.  of  distilled  water,  and  10  ml.  of  a  satu 
rated  potassium  iodate  solution  and  2  ml.  of  saturated  potassiurr 
iodide  solution  are  added.  The  iodine  liberated  is  titrated  witl 
0.1  A  sodium  thiosulfate,  and  the  equivalent  acid  is  calculated  a: 
bromine. 


Table  II.  Bromate-Bromide  Method  Showins  Increase  in  Bromim 
Number  with  Increase  of  0.5  N  Bromate  Solution 


(Theoretical  Bromine  No.,  Cg./Gram) 

0.5  N 

142.4 

94.4 

71.2 

KBrOi,  Ml./g. 

Diisobutylene 

Triisobutylene 

Tetraisobutylene 

5 

23.0 

10 

40.0 

11 

44.0 

15 

60.0 

57.2 

20 

80.0 

75.5 

70.3 

25 

100.0 

87.0 

80.3 

30 

120.0 

95.0 

87.0 

35 

139.0 

100.5 

89.8 

40 

147.7 

104.0 

90.2 

45 

149.0 

50 

150.5 

The  apparent  bromine  number  as  represented  by  the  amoun 
of  potassium  bromate  added  is  calculated  in  the  usual  manner: 

0.08  X  normality  of  KBr03  X  net  ml.  of  KBr03 
(specific  gravity  X  volume  of  sample) 

The  bromine  equivalent  of  the  20  ml.  of  10%  sulfuric  acid  sat 
urated  with  potassium  bromide  must  now  be  calculated: 

H2S04  Br2  I2  Na2S203  KBrO, 

2  ~  2  ~  2  ~  1  ~  6 

Therefore  0.08  X  normality  of  Na2S203  X  ml.  of  Na2S20j  > 
dilution  factor  =  total  grams  of  Br2  o  20  ml.  of  10%  H2S04  (A 

In  the  determination  of  the  apparent  bromine  number,  th 
addition  of  bromate  requires  acid  to  liberate  bromine  according 
to  the  equation 

3H2S04  +  KBrOs  +  5KBr  —  3K2S04  +  3Br2  +  3H20 

so  that  the  amount  of  acid  used  to  react  with  the  potassium  bro 
mate  in  terms  of  bromine  will  be: 

0.08  X  normality  of  KBrCL  X  ml.  of  KBrCL  = 

grams  of  Br2  equivalent  to  H2S04  used  (B 

Thus  the  amount  of  sulfuric  acid  present  at  the  start  of  th 
determination  in  terms  of  an  equivalent  amount  of  bromine  1 
A— B,  or  C. 

After  the  specified  2-minute  shaking  period  and  titration  o 
excess  bromate,  the  sample  is  treated  in  the  following  manner 
The  contents  of  the  flask  are  transferred  to  a  250-ml.  separator; 
funnel  and  washed  thoroughly  with  water.  The  water  layer  i 
drained  off  as  quickly  as  possible  into  a  100-ml.  glass-stopperei 
volumetric  flask,  the  solvent  layer  is  washed  several  times  witl 
distilled  water,  and  these  washings  are  added  to  the  flask.  Th 
solution  is  made  up  to  volume,  5  ml.  are  transferred  to  an  Erlen 
meyer  flask  containing  50  ml.  of  distilled  water,  10  ml.  of  : 
saturated  potassium  iodate  solution  are  added,  and  the  iodine  i 
titrated  with  0.1  A  sodium  thiosulfate.  (The  addition  of  po 
tassium  iodide  at  this  point  is  not  necessary,  since  it  was  addet 
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Total  Bromine  Number  of  Unsaturates 
y  =  end  poinl 


arlier  in  the  determination.)  The  total  amount  of  acid  present 
t  the  end  of  the  determination  will  be  calculated  as  in  the 
mowing  equation. 


0.08  X  normality  of  Na-^Os  X  ml.  of  Na2S20,  X 
dilution  factor  =  grams  of  Br2  equivalent  to  H2SO«  +  HBr  (D) 


able 


Addition  and  Substitution  Using  Bromate-Bromide 
Method  with  and  without  Modifications 


The  difference,  D  —  C,  is  the  amount  of  bromine  equivalent 
to  the  hydrobromic  acid  formed  by  substitution. 


(D  -  C) 


Theo- 

Bromine 

Consumed 

during 

Ap- 

Substitu- 

Substitu- 

retical 

parent 

tion 

tion 

Br»  No. 

Br2  No. 

No. 

Reaction 

No. 

Cg./g. 

Cg./g. 

Cg./g. 

Cg./g. 

Cg./g. 

iisobutylene,  regu- 

142.4 

144.0 

57.6 

115.2 

28  8 

lar  method  (1 
mi.  excess  KBrOi) 

143.6 

56.4 

112.8 

30.8 

theoretical 

144.1 

47.7 

95.4 

48.7 

amount  of 
KBrOa  1-ml. 

144.1 

53  3 

106.6 

37.5 

excess 

theoretical 

141.8 

55.4 

110.8 

31.0 

amount  of 
KBrOa,  no  excess 

141.8 

54.3 

108.6 

33.2 

■iisobutylene,  regu- 

94.9 

73.7 

35.7 

71  4 

9  3 

lar  method (1ml. 
excess  KBrOij 

73.7 

34.7 

69.4 

4.3 

theoretical 

86.6 

40.6 

81.2 

5.4 

amount  of 
KBrOa  -f-  1-ml. 

85.9 

41.6 

83.2 

2.7 

excess 

Theoretical 

80.4 

38.1 

76.2 

4.2 

amount  of 

80.4 

34.9 

69.8 

10.fi 

-h.tfrOa.no  excess 

etraisobutylene, 

regular  method 
(1  ml.  excess 

71.2 

39.9 

19.3 

38:6 

1  3 

45.5 

21.4 

42.8 

2.7 

KBrOa) 

theoretical 

62.9 

28.4 

56.8 

6.1 

amount  of 
KBrOa  +  1-ml. 

67.8 

30.4 

60.8 

7.0 

excess 

Theoretical 

58.7 

28.0 

56.0 

2.7 

a  m  0  u  n  t  of 
KBrOa,  no  excess 

63.2 

30.0 

60.0 

3.2 

- - - 

weight  of  sample 


X  100  =  amount  of  substitution 


(in  grams  of  bromine  per  grams  of  sample)  which  took  place 
upon  addition  of  the  stated  amount  of  potassium  bromate. 

Treating  the  sample  as  an  unknown  is  necessary  in  order  to 
find  out  how  much  halogen  is  due  to  addition  as  well  as  substitu¬ 
tion  when  the  determination  is  run  in  the  regular  way — i.e.,  by 
using  1-ml.  excess  of  potassium  bromate.  In  the  present  experi¬ 
ments,  where  the  samples  were  considered  as  unknown,  bromate 
was  added  until  a  brownish  yellow  color  resulted. 


The  data  in  Table  III  show  that  substitution  takes  place  when 
the  determination  is  carried  out  by  the  bromate-bromide  method 
in  the  regular  manner,  and  also  when  this  method  is  modified  to 
the  extent  of  using  only  the  theoretical  amount  of  bromate  or  the 
theoretical  amount  of  bromate  plus  1-ml.  excess. 


DETERMINATION  OF  APPARENT  ADDITION  AND  SUBSTITUTION 
NUMBERS  ON  BRANCHED  AND  STRAIGHT-CHAIN  OLEFINS 


It  has  been  found  that  a  bromine  substitution  number  can  be 
obtained  with  or  without  saturation  of  the  double  bond  for  a  wide 
variety  of  olefins  when  using  a  modification  of  the  bromate- 
bromide  method.  This  is  illustrated  by  work  on  di-,  tri-,  and 
tetraisobutylene,  pentene-2,  hexene,  and  octene-1. 

Changes  in  the  procedure  required  that  all  factors  except  the 
bromate  solution  be  kept  constant  in  order  to  follow  the  course 
of  both  addition  and  substitution.  The  amount  of  bromate 


620 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  16,  No.  : 


varied  from  2  ml.  to  a  volume  far  in  excess  of  that  necessary  to 
obtain  the  theoretical  addition  value,  and  was  added  in  incre¬ 
ments  of  2  to  4  ml.  A  value  was  thus  obtained  which  served  to 
Indicate  the  apparent  amount  of  bromine  used  for  addition  at 


that  particular  point,  although  this  may  not  necessarily  be  tl 
actual  bromine  number  of  the  sample.  The  acid  layer  was  se 
arated  and  the  solvent  layer  washed  with  water.  The  acid  sol 
tion  and  washings  were  made  up  to  100  ml.  and  a  5-ml.  samp 
was  used  for  titrating  the  hydrobron: 
acid  formed  by  the  reaction  of  bromi 
on  the  hydrocarbon.  The  method 
Mcllhiney  (10,  11) — i.e.,  reacting  t) 
hydrobromic  acid  with  potassiu 
iodate  and  titrating  the  resulting  iodi 
with  sodium  thiosulfate — was  followe 
The  difference  between  the  amount 
acid  present  corrected  for  its  react! 
with  the  bromate  solution,  and  t 
amount  present  as  found  by  the  th: 
sulfate  titration,  is  equivalent  to  t 
bromine  used  for  substitution. 

Procedure.  Pipet  accurately  20  ml. 
10%  sulfuric  acid,  saturated  with  pots 
sium  bromide,  into  a  300-ml.  gla: 
stoppered  flask  and  add  15  ml.  of 
heptane  and  1.0  ml.  of  sample.  Add 
volume  of  0.5  N  potassium  broma 
stopper  the  flask,  and  shake  for 
minutes.  Add  5  ml.  of  saturated  pot; 
sium  iodide  and  titrate  any  iodi 
formed  with  0.1  N  sodium  thiosulfa 
This  will  determine  the  amount  of  bromi 
reacted  with  the  sample. 

Transfer  the  contents  of  the  flask 
a  250-ml.  separatory  funnel  and  wa 
thoroughly  with  water.  Drain  off  t 
water  layer  as  quickly  as  possible  intc 
100-ml.  glass-stoppered  volumetric  fla; 
Wash  the  heptane  (solvent)  layer  four 
five  times  with  small  quantities  of  d 
tilled  water,  adding  the  washings  to  f 
volumetric  flask.  Make  up  to  volu 
and  transfer  5  ml.  to  an  Erlenmeyer  fla 
containing  50  ml.  of  distilled  water.  A 
10  ml.  of  a  saturated  potassium  iodi 


Table  IV.  Values  for  Substitution  and  Apparent  Addition 


0.51V 

Total  or 
Apparent 
Bromine 

Substi¬ 

tution 

0.5  N 

Total  or 

Apparent  Substi- 

Bromine  tution 

0.51V 

Total  or 
Apparent 
Bromine 

Substi¬ 

tution 

KBrOa 

No.“ 

No. 

KBrOs 

No.“ 

No. 

KBrOi 

No.“ 

No. 

Ml./g. 

Cg./g. 

Cg./g. 

Ml./g. 

Cg./g. 

'  Cg./g. 

Ml./g. 

Cg./g. 

Cg./g. 

Diisobutylene,  Theoretical 

Triisobutylene,  Theoretical 

Tetraisobutylene ,  Theoretical 

Bn  : 

No.  =  142. 

4  Cg./G. 

Brs  No.  =  94.9  Cg./G. 

Bn  No.  =  71.2  Cg./G. 

2.87 

11.12 

8.11 

2.69 

10.46 

3.30 

2.55 

9.96 

0  013 

5.74 

22.65 

17.07 

5.39 

21.29 

9.82 

5.11 

20.25 

4.09 

8.60 

34.11 

18.77 

. . . 

11.47 

45.58 

24.66 

10!  78 

42.84 

22!  83 

10.22 

40.'56 

13.31 

14.33 

57.04 

20.51 

17.20 

68.50 

30.86 

16  '.i.6 

63.63 

32 '.65 

15.32 

57.88 

23!  55 

20.08 

79.98 

32.29 

2P55 

73.72 

33!  95 

26!  44 

70.61 

29!  70 

•25.80 

102.91 

42!  95 

26 '.94 

87.01 

45'.  89 

25!  54 

77.22 

33!  81 

3D  54 

125. 74 

49 !  i.2 

32!  32 

93. 21 

39!  99 

36!  64 

81.99 

33!  33 

3D  26 

146.87 

56 '.44 

37!  72 

98.22 

42!  93 

35.77 

92.79 

42!  29 

43 !  00 

148.69 

62!  64 

43!io 

104.'95 

47!  09 

46!  90 

98.47 

46H3 

48!  73 

149.58 

54.89 

54 . 45 

154.69 

58.30 

Pentene-2,  Theoretical 

Hexene,  Theoretical 

Octene-1,  Theoretical 

Bn  No.  =  227.9  Cg./G. 

Br2 

No.  =  189. 

9  Cg./G. 

Bn 

No.  =  142.4  Cg./G. 

3.10 

11.92 

2A9 

2.89 

7.89 

0 

2.80 

10.87 

12.31 

6.21 

24.32 

4.99 

5.78 

20.33 

0 

12.42 

49.23 

12.47 

11.56 

43.24 

1.49 

1P20 

44,55 

16!  34 

18.64 

74.04 

13.74 

17.35 

67.17 

5.11 

24.85 

98.87 

24.94 

23.12 

90.32 

6.42 

22!  40 

89.33 

17!  36 

31.04 

123 . 69 

16.28 

28.92 

113.46 

13.48 

37.29 

148.52 

29.96 

34.70 

136.43 

15.95 

33!  60 

132.49 

25!  47 

43.50 

173.35 

32.38 

40.48 

159.81 

21.86 

39.20 

139.00 

28.69 

49.70 

198.35 

39.97 

46.26 

168.82 

18.29 

44.80 

140.01 

27.46 

55.90 

222.26 

45.08 

52.10 

172.72 

21.05 

50.40 

143.05 

29.02 

62.08 

225.90 

48.96 

57.85 

173.41 

21.50 

56.00 

141.22 

27.65 

68.30 

228.11 

58.98 

... 

74.55 

228.35 

57.64 

*  Apparent  addition  at  any  given  point. 


Figure  2.  Substitution  in  Unsaturates 
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Solution,  and  titrate  the  iodine  with  0.1  N  sodium  thiosulfate. 
Tun  a  blank  on  the  sulfuric  acid. 

Repeat  the  above  procedure  for  every  addition  of  bromate, 
jsing  1.0  ml.  of  sample  each  time.  In  this  way  a  series  of  values 
for  both  substitution  and  addition)  is  obtained  which  may  be 
'dotted  against  the  volume  of  0.5  N  potassium  bromate  used. 

The  values  for  substitution  and  apparent  addition  are  shown  in 
rable  IV.  If  these  values  are  plotted  against  the  volumes  of 
1.5  N  potassium  bromate  used,  curves  of  the  type  shown  in  Fig¬ 
ures  1  and  2  are  obtained.  In  most  cases  the  substitution  and 
ipparent  bromine  number  curves  flatten  out  at  the  same  point. 
The  apparent  bromine  number  curves  begin  to  level  off  at  the 
heoretical  value,  and  for  all  practical  purposes  reach  a  constant 
'alue  regardless  of  the  excess  of  bromate  used.  This  also  applies 
o  the  substitution  curves. 

The  data  in  Table  IV  show  the  potassium  bromate  solution  to 
lave  been  added  in  uneven  amounts.  The  reagent  actually  used 
or  the  experimental  work,  although  differing  somewhat  from  the 
equired  normality,  was  added  in  increments  of  2,  4,  6,  8,  10,  12, 
itc.,  ml.  Calculations  were  made  placing  these  volumes  on  an 
xact  0.5  N  basis. 

Calculations  show  that  pentene-2,  hexene,  octene-1,  diiso- 
utylene,  triisobutylene,  and  tetraisobutylene  require  57.0,  47.5, 
5.6,  35.6,  23.8,  and  17.8  ml.,  respectively,  of  0.5  N  bromate  for 
upplying  the  exact  amount  of  bromine  needed  to  saturate  the 
ouble  bond  of  each  compound,  based  on  a  1-gram  sample.  It  is 
hown  in  the  above  data  that  substitution  of  bromine  takes  place 
fter  a  small  fractional  volume  (2.55  to  3.10  ml.)  of  the  total  quan- 
ity  of  the  reagent  required  has  been  added  to  any  of  these  un- 
aturates  with  the  exception  of  hexene.  With  hexene,  however, 
substitution  value  could  be  obtained  after  adding  24.3%  of  the 
heoretical  volume  of  bromate. 


CONCLUSIONS 

Substitution  has  been  found  to  occur  with  all  the  olefins  in¬ 
vestigated  when  various  modifications  of  the  bromate-bromide 
method,  using  potassium  bromide-saturated  reagents,  were  em¬ 
ployed.  While  substantially  theoretical  bromine  numbers  have 
been  obtained  for  straight-chain  olefins  and  some  branched-chain 
olefins  as  shown  in  the  previous  paper  (9),  it  is  felt  that  the 
method  is  empirical. 

In  the  previously  described  procedure  ( 9 )  an  excess  of  1  ml.  of 
the  bromate  reagent  is  used,  followed  by  shaking  for  exactly  2 
minutes.  If  this  method  is  followed  precisely,  it  will  be  useful 
for  determining  unsaturation  of  many  known  compounds  having 
double  bonds.  However,  bromine  numbers  obtained  by  the  same 
method  on  unknown  mixtures  may  be  subject  to  question,  in 
particular  if  the  mixtures  contain  highly  branched  olefins.  More 
direct  methods,  such  as  hydrogenation,  may  be  more  accurate. 
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Absorption  Spectra  of  Volatile  Essential  Oils 

Detection  of  Alpha-Dicarbonyl  Compounds 

C.  A.  TARNUTZER1,  L.  A.  RITTSCHOF,  and  C.  S.  BORUFF,  Hiram  Walker  &  Sons,  Inc.,  Peoria,  III. 


"V  test  devised  for  detection  of  a-dicarbonyl  compounds  in  fatty  ma- 
rrials  has  been  extended  to  volatile  essential  oils.  Tests  on  juniper 
erry,  orange  peel,  and  coriander  seed  oils  are  reported,  as  evidence 
rat  the  flavor  value  of  botanicals  may  be  rapidly  and  accurately  esti- 
lated  by  determination  of  the  extinction  values  or  a-dicarbonyl 
ontent  of  volatile  essential  oils  used  in  the  manufacture  of  alcoholic 
everages. 

rHE  quality  of  alcoholic  beverages  such  as  gin,  cordials,  and 
liqueurs  can  be  maintained  only  by  rigid  chemical  control 
nd  taste  tests.  Flavor  control  starts  with  the  correct  selection 
f  botanicals  and  other  materials  used  for  their  flavor  value, 
pecifications  used  for  the  purchase  of  botanicals  are  chemical 
instants,  necessitating  long  chemical  determinations,  but  the 
nal  decision  rests  upon  whether  the  product,  made  either  in 
le  factory  or  in  the  laboratory,  meets  the  flavor  approval  of  a 
ualitv  committee  (5).  Some  rapid  method  such  as  the  deter- 
lination  of  the  extinction  values  or  the  a-dicarbonyl  content  of 
le  volatile  essential  oil  might  be  correlated  with  the  flavor 
<ami  nation  of  the  finished  product,  thereby  giving  a  rapid 
nd  accurate  method  for  the  estimation  of  the  flavor  value  of 
le  botanical. 

At  the  present  time  extinction  values  and  a-dicarbonyl  values 
re  included  in  the  specifications  for  the  purchase  of  raw  ma- 
*  Present  address,  Horlick’s  Malted  Milk  Corporation,  Bacine,  Wis. 


terials,  for  it  is  believed  that  they  give  some  indication  of  the 
geographical  growing  district  and  the  age  of  the  botanical.  Both 
the  growing  district  and  the  age  are  very  important  from  a  flavor 
standpoint. 

Volatile  essential  oils  were  obtained  from  botanicals,  many 
of  which  were  purchased  during  1939  and  had  been  in  cold 
storage  for  periods  varying  from  a  few  to  30  months.  The  es¬ 
sential  oils  were  not  commercially  rectified  but  were  recovered 
by  the  Clevenger  method  of  steam-distillation  (S).  If  the  dis¬ 
tillation  is  continued  for  at  least  8  hours,  the  volatile  essential! 
oils  obtained  frequently  have  a  yellow  color,  especially  if  the  oil 
has  been  distilled  from  botanicals  that  have  been  in  storage  for 
some  time.  The  color  might  be  caused  by  a-dicarbonyl  com¬ 
pounds  which  impart  color  to  autoxidized  oils  of  animal  and 
vegetable  origin  (4).  The  exact  mechanism  leading  to  the  forma¬ 
tion  of  colored  substances  is  not  fully  understood,  but  there  is 
agreement  on  the  assumption  that  the  yellowing  is  caused  by 
diketo  groups  when  fatty  oils  age.  A  simple  test  devised  for  the 
detection  of  a-dicarbonyl  compounds  in  fatty  materials  C4)  has 
been  extended  to  volatile  essential  oils. 

EXPERIMENTAL 

Methods.  Physicochemical  data  on  the  oils,  such  as  index  of 
refraction,  specific  gravity,  acid  number,  and  ester  number,  were 
obtained  by  standard  procedures  (2). 
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Transmittance  measurements  of  the  oils  were  made  with  a 
Coleman  Universal  spectrophotometer.  The  measurements 
would  have  been  of  greater  significance  in  the  ultraviolet  range 
of  the  spectrum  in  which  maxima  and  minima  would  have  been 
more  clearly  defined.  The  undiluted  oils  were  placed  directly 
in  transmission  cells  of  1-cm.  diameter,  and  compared  with  a 
blank  cell  containing  the  same  quantity  of  water.  Extinction 
values  (log  1/T)  were  read  off  directly  from  the  drum  scale  of  the 
instrument. 

Reagents.  Oximation  solution,  3%  hydroxylamine  hydro¬ 
chloride  in  pyridine.  Solutions  for  forming  the  bis-pyridine- 
ferrous  derivatives  of  dioximes:  60  grams  of  Rochelle  salt  plus 
100  ml.  of  water;  5  grams  of  ferrous  sulfate  plus  100  ml.  of  water; 
100  grams  of  potassium  hydroxide  plus  100  ml.  of  water. 

Method.  Pipet  0.5  gram  of  volatile  oil  into  a  test  tube  and 
oximate  by  adding  2  ml.  of  hydroxylamine  hydrochloride  solu¬ 
tion.  React  for  2  hours  in  a  water  bath  at  80°  C.;  cool,  add  0.3 
ml.  of  acetone  to  destroy  the  excess  of  hydroxylamine,  and  let 
stand  for  5  minutes.  The  highly  colored  bis-pyridine-ferrous 
derivative  of  the  dioxime  is  formed  as  follows:  Add  1  ml.  of 
Rochelle  salt  solution  and  1  ml.  of  ferrous  sulfate  solution,  then 
slowly  add,  with  shaking,  4  ml.  of  potassium  hydroxide  solution. 
A  positive  test  for  a-dicarbonyl  compounds  is  the  formation  of  an 
intense  red  color  in  the  pyridine  layer.  A  blank  is  run  with  re¬ 
agents  only. 

The  test  was  run  on  solutions  containing  known  amounts  of 
biacetyl  and  dimethylglyoxime;  the  preliminary  oximation 
procedure  is  not  necessary  for  the  dimethylglyoxime.  Solu¬ 
tions  were  made  by  weighing  out  10,  20,  30,  40,  and  50  milli¬ 
moles,  dissolving  in  alcohol,  and  diluting  to  1  liter.  The  colors 
developed  by  the  oils  were  visually  compared  with  the  colors 
developed  by  the  known  solutions.  In  this  way  a  semi  quantita¬ 
tive  estimation  of  millimoles  of  a-dicarbonyl  compounds  present 
in  the  original  volatile  oils  could  be  made. 

JUNIPER  BERRY  OIL 

Extinction  values  were  obtained  using  fifteen  oils,  steam-dis¬ 
tilled  from  shipments  of  juniper  berries,  Juniperus  communis, 
some  of  which  had  been  used  in  the  plant  production  of  gin. 
Therefore  the  flavor  values  of  some  of  the  berries  have  been 
evaluated  by  actual  use  in  production. 


Figure  1.  Absorption  Curves  of  Juniper  Berry  Oil 
Types 

Type  A,  oil  of  ordinary  Italian  berries 
Type  B,  oil  of  select  Italian  berries 
Type  C,  oil  of  domestic  berries 

Figure  1  shows  that  juniper  berry  oils  obtained  from  berries 
which  had  been  in  cold  storage  for  25  to  30  months  give  three 
distinct  curves. 

Type  A  with  a  maximum  extinction  value  at  340  myu  represents 
oils  distilled  from  ordinary  Italian  berries  scooped  from  the 

f round  and  bushes;  type  B  with  a  maximum  extinction  at  355  to 
60  m/i  represents  oils  distilled  from  berries  which  were  hand¬ 
picked  and  selected  in  Italy;  type  C  with  a  maximum  extinction 
at  345  m^  represents  oil  distilled  from  berries  grown  in  eastern 
United  States.  The  berries  which  produced  the  finest  flavored 
gins  when  used  in  the  factory  contained  oils  which  gave  a  maxi¬ 
mum  extinction  at  355  to  360  nyi,  such  curves  rising  rapidly  and 


Table 

1.  Aging  of  Juniper  Berry  Oils  within  the  Berry  and 

in  Soft- 

ou 

Glass  Bottles 

Extinction  Values  at  Following  Wave 
Lengths 

320  340  350  360  370  380 

No. 

Description 

m/i 

m/i 

m/i 

m/i 

m/i 

m/i 

1 

Freshly  distilled  from 
berries 

0.18 

0.90 

1.20 

1.10 

0.92 

0.74 

2 

Oil  1  aged  60  days  in 
soft  glass 

0.20 

0.94 

1.18 

1.20 

1.05 

0.72 

3 

Freshly  distilled  from 
berries  stored  in  cold 
for  30  months 

0.18 

1.06 

1.05 

0.85 

0.67 

0.54 

4 

Freshly  distilled  from 
same  berries  stored 
in  cold  for  46  months 

0.60 

1.10 

1.22 

1.22 

1.00 

0.84 

falling  almost  as  soon  as  the  maximum  extinction  is  reached 
the  whole  shape  of  the  curve  is  almost  as  important  as  the  maxi¬ 
mum  extinction  value.  Berries  whose  oils  give  extinction  value: 
similar  to  type  A  are  inferior  in  quality,  and  berries  whose  oil 
give  extinction  values  similar  to  type  C  are  very  much  inferioi 
from  a  flavor  standpoint.  Therefore,  the  extinction  values  of  ai 
oil  distilled  from  an  unidentified  source  of  juniper  berries  wil 
give  information  as  to  the  flavor  value  of  such  berries. 

A  commercial  juniper  oil,  Juniperol  (Fritzsche  Bros.),  distillec 
between  160°  and  200°  C.  in  the  laboratory  gave  a  curve  mucl 
like  type  A  oils  except  the  maximum  extinction  value  was  0.’. 
instead  of  0.9. 

Most  of  the  volatile  oils  deteriorate  rapidly  unless  kept  ii 
small,  filled,  tightly  stoppered  bottles  in  a  cool,  dark  place.  I 
exposed  to  air,  light,  and  warmth  they  resinify,  and  the  oxidize! 
resinous  products  formed  change  the  volatile  oils  in  composition 
color,  specific  gravity,  and  odor.  There  is  spectroscopic  evi 
dence  that  aging  does  occur  in  the  botanical  during  cold  storag> 
for  25  to  30  months,  but  at  a  much  less  rapid  rate  than  durinj 
an  additional  30  months’  storage.  Aging  in  the  botanical  durinj 
cold  storage  for  the  next  15  months  after  30  months’  storage  i 
very  rapid  and  almost  equal  to  aging  of  the  oil  outside  the  botan 
ical. 

The  steam-distilled  jumper  berry  oils  were  stored  in  soft 
glass  bottles  for  60  days  at  room  temperature  on  top  of  th 
laboratory  table  away  from  the  sunlight.  An  example  of  th 
change  due  to  such  accelerated  aging  can  be  demonstrated  b; 
spectral  data. 

Oil  1,  Table  I,  shows  the  extinction  values  for  freshly  distiliei 
juniper  oil  from  the  berries,  and  oil  2  shows  the  extinction  value 
for  the  same  oil  after  accelerated  aging.  Aging  of  the  junipe 
oils  in  every  case  shifts  the  extinction  maximum  toward  th 
light  of  higher  wave  lengths,  and  the  near  maximum  is  main 
tained  over  a  greater  wave-length  span.  The  extinction  value 
in  the  higher  wave  lengths  do  not  fall  as  rapidly  as  those  of  th 
fresh  oil.  Some  of  the  juniper  oils  show  more  resistance  ti 
accelerated  aging  than  others,  and  in  most  cases  the  extinctioi 
values  increase  greatly  in  the  higher  wave  lengths.  Oils  store' 
in  the  dark  at  icebox  temperatures  show  no  change  in  the  spectra 
data. 

Oil  3,  Table  I,  shows  the  spectral  extinction  values  of  a  fresh! 
distilled  juniper  oil  taken  from  berries  which  had  been  stored  a 
refrigerator  temperatures  for  30  months.  Oil  4,  Table  I,  show 
the  spectral  extinction  values  of  the  freshly  distilled  oil  taken  fron 
the  same  berries  after  cold  storage  for  46  months.  There  ha 
been  rapid  aging  of  the  oil  in  the  berries  between  30  and  46  month 
of  storage.  Extinction  values  will  give  some  evidence  of  th 
aging  of  oil  in  the  berries,  and  such  data  will  make  it  possibl 
to  purchase  fresh  stocks  of  raw  materials  and  maintain  a  higl 
flavor  level. 

Table  II  shows  the  change  in  some  of  the  chemical  constant 
of  the  juniper  oils  after  aging.  The  index  of  refraction,  specifi 
gravity,  acid  number,  and  ester  number  increase  rapidly  whei 
the  oil  is  stored  in  soft-glass  bottles  placed  on  the  laborator; 
desk  top  at  room  temperature.  Oil  distilled  from  domesti 
juniper  berries  shows  a  great  increase  in  density  and  ester  numbe 
when  aged  outside  the  berry.  Resinification  was  very  noticeabl 
when  the  domestic  berry  oil  was  aged  outside  the  berry,  but  ther 
was  little  change  in  the  oils  steam-distilled  from  the  Italian  berries 
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Table  II.  Chemical  Constants  of  Steam-Distilled  Juniper  Oils 

(Before  and  after  aging  in  soft-glass  bottles  at  laboratory  temperatures  and 

room  light) 


Source  of  Oil 

Index  of 
Refraction, 
20°  C. 

Specific 

Gravity, 

25°  C./25°  C. 

Acid 

No. 

Ester 

No. 

Ordinary  eastern  United 
States  berries 

Fresh  oil 

Aged  oil 

1.4780 

1.4880 

0.8530 

0.8815 

1.05 

1.91 

8.98 

11.77 

Ordinary  Italian  berries 
Fresh  oil 

Aged  oil 

1.4800 

1.4830 

0.8725 

0.8807 

1.71 

2.23 

6.91 

8.31 

Italian  hand-picked  and 
selected  berries 

Fresh  oil 

Aged  oil 

1.4812 

1.4825 

0.8626 

0.8775 

1.15 

1.92 

5.25 

5.15 

Table  III. 

Chemical  Constants  and  a> 

-Dicarbonyl  Content  of  Juniper 

Sample 

No. 

n20° 
n  D 

Oils 

Acid 

No. 

Ester 

No. 

Millimoles  of 
a-Dicarbonyl  Com¬ 
pounds  per  Kg.  of 
Volatile  OU 

i 

1.4782 

0.98 

3.4 

0 

2 

1 . 4760 

0.83 

7.4 

0 

3 

1.4811 

0 

4 

1 . 4788 

1.07 

8  1 

20 

5 

1.4788 

1.07 

6.8 

20 

6 

1.4792 

1.07 

6.3 

30 

7 

1.4812 

2.50 

9.7 

50 

8 

1.4828 

2.90 

11.9 

50 

9 

1 . 4790 

9.10 

18. 1 

90 

10 

1.4802 

7.00 

20.6 

90 

HI  the  aged  oils  had  a  turpentinelike  odor.  The  juniper  berry 
)il  aged  in  the  berry  and  stored  in  cold  storage  between  30  and 
16  months  showed  increases  in  acid  and  ester  number. 

Table  III  shows  the  chemical  constants  and  a-dicarbonyl 
■ontent  of  various  steam-distilled  juniper  berry  oils. 

Oils  1,  2,  and  3  were  distilled  from  hand-picked  and  selected 
Italian  juniper  berries  stored  for  30  months  in  cold  storage.  No 
i-dicarbonyl  compounds  could  be  detected  in  these  volatile  oils. 
Dils  4,  5,  and  6  were  distilled  from  Italian  berries  stored  for  46 
nonths  in  cold  storage.  Oils  7  to  11  were  distilled  from  juniper 
jerries  that  had  been  stored  in  sealed  tin  containers  at  room 
emperature  for  5  years,  berries  7  and  8  were  select  Italian  berries, 


and  berries  9  and  10  were  ordinary  German  juniper  berries.  The 
increase  in  a-dicarbonyl  content  is  in  direct  correlation  with  the 
age  of  the  berries. 

Unsaturated  carbonyl  compounds  show  bands  of  strong  ab¬ 
sorption  at  low  wave  lengths,  but  absorption  in  the  higher  wave 
lengths,  such  as  used  for  the  experimental  work  of  this  paper, 
are  said  to  be  due  to  conjugated  systems.  The  intensive  absorp¬ 
tion  bands  are  displaced  to  longer  wave  lengths  with  increasing 
length  of  the  chromophoric  conjugated  systems.  The  atmos¬ 
pheric  distillation  of  aged  commercial  juniper  oil  showed  that 
the  compounds  responsible  for  the  shift  in  maximum  extinction 
value  could  be  concentrated  in  the  residue.  Treatment  of  the 
aged  commercial  juniper  oil  with  activated' carbon  changed  the 
extinction  values  slightly,  but  it  was  not  possible  to  rejuvenate 
the  aged  oil  by  carbon  treatment.  Acetylation  of  a  very  pure 
fraction  of  commercial  juniper  oil  moved  the  extinction  maximum 
from  340  to  370  m^  and  gave  values  similar  to  aged  juniper  oil. 

Table  IV  shows  the  a-dicarbonyl  content,  acetyl  number,  and 
months  in  cold  storage  for  a  number  of  juniper  oils.  The  acetyl 
number  can  be  used  as  a  method  of  differentiation  between  do¬ 
mestic  and  select  Italian  berries.  There  was  definite  positive 
correlation  between  the  a-dicarbonyl  content  and  the  acetyl 
number  of  the  juniper  oils. 


Table  IV.  Comparison  of  a-Dicarbonyl  Content  and  Acetyl 
Number  of  Freshly  Distilled  Juniper  Oils 


Identification 

Months  in 
Cold 
Storage 

Relative  a-Dicar- 
bonyl  Content 

Acetyl 

No. 

Select  Italian 

46 

2 

41.9 

Select  Italian 

46 

1 

45.3 

Select  Italian 

45 

3 

43.6 

Ordinary  Italian 

46 

3 

70.4 

Ordinary  Italian 

46 

3 

76.8 

Select  Italian 

42 

2 

52.3 

Select  Italian 

39 

0 

35.2 

Ordinary  United  States 

17 

3 

106.0 

ORANGE  PEEL  OIL 

Orange  peel,  bitter  and  sweet,  is  used  in  the  manufacture  of 
cordials  and  liqueurs.  Bitter  orange  oil  differs  very  slightly  from 
sweet  orange  oil  physically  and  chemically;  hence  specifications 
for  the  purchase  of  orange  peel  do  not  always  help  to  select  the 
peel  with  the  correct  flavor  character.  Extinction  values  and 
the  odor  of  the  acetylated  oil  freshly  distilled  from  an  unknown 
peel  will  be  helpful  in  identifying  true  bitter  orange  peel. 

Extinction  values  were  obtained  using  15  orange  oils  steam- 
distilled  from  shipments  of  bitter  peel,  imported  sweet  quarter 
peel,  and  ribbon  peel  of  sweet  oranges  grown  in  the  United  States. 
Any  single  oil  examined  gave  one  of  the  three  types  of  absorption 
curves  shown  by  Figure  2.  Oils  steam-distilled  from  bitter  peel 
showed  maximum  extinction  at  355  m/j  (type  A),  oils  steam- 
distilled  from  domestic  sweet  orange  ribbon  and  Haitian  ribbon 
peel  showed  maximum  extinction  at  340  m^  (type  B),  and  oils 
steam-distilled  from  Sicilian  sweet  orange  peel  quarters  showed 
maximum  extinction  at  350  m^i  (curve  C).  Practical  plant  use 
of  the  many  sweet  orange  peels  used  in  this  study  demonstrated 
that  Florida  sweet  ribbon  peel  can  be  used  in  place  of  Haitian 
ribbon  peel  for  sweet  orange  distillates;  both  peels  have  the  same 
spectral  identity. 

The  steam-distilled  orange  oils  were  stored  in  soft-glass  bottles, 
partially  filled,  on  the  laboratory  table  at  room  temperature. 
The  oils  were  very  prone  to  oxidation,  and  quickly  deteriorated 
in  flavor  value  during  such  storage  conditions.  Table  V,  oil  1, 
shows  the  extinction  values  of  a  fresh  oil  distilled  from  Florida 
ribbon  peel;  oil  2  shows  the  extinction  values  for  the  same  oil 
after  accelerated  aging  for  60  days.  Aging  of  the  oil  shifts  the 
extinction  maximum  towards  the  higher  wave  lengths  and  greatly 
increases  the  optical  density  at  its  maximum  (1.5  instead  of  0.5 
extinction). 

Orange  oils  freshly  distilled  by  the  Clevenger  method,  ir- 
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Table  V.  Aging  of  Sweet  Orange  Peel  Oil  and  Effect  of  Adding 
Ethyl  Anthranilate  and  Decyl  Aldehyde  to  Sweet  Orange  Oil 

Extinction  Values  at  Following 
Wave  Lengths 


Oil 

320 

340 

350 

360 

370 

380 

No. 

Description 

m/i 

m/i 

m/i 

m/i 

m/x 

m/i 

i 

Freshly  distilled  from 
Florida  ribbon  peel 

0.10 

0.52 

0.46 

0.35 

0.31 

0.26 

2 

Oil  1  aged  60  days  in 
soft  glass 

0.10 

1.03 

1.25 

1.44 

1.50 

1.43 

3 

Commercial  sweet 

orange  oil,  fraction 
distilled  at  174- 
177°  C. 

0.20 

0.58 

0.58 

0.50 

0.37 

0.28 

4 

Addition  of  ethyl  an¬ 
thranilate  to  oil  3 

0.30 

0.90 

1.13 

1.27 

1.12 

0.90 

5 

Addition  of  decyl  alde¬ 
hyde  to  oil  3 

0.20 

0.58 

0.58 

0.50 

0.39 

0.31 

Table  VI.  Chemical  Constants  of  Steam-Distilled  Sweet  Orange 

Oils 

(Before  and  after  aging  in  soft-glass  bottles  at  laboratory  temperatures  and 


room  light) 
Specific 
Gravity, 

Ester 

Acid 

Source  of  Oil 

25°  C./25°  C. 

No. 

Ne. 

Florida  ribbon  peel 

Fresh  oil 

0.8403 

2.30 

0.7 

Aged  oil 

0.9242 

44.62 

5.5 

Sicilian  peel  in  quarters 

Fresh  oil 

0.8420 

4.30 

0.8 

Aged  oil 

0.9342 

51.30 

8.7 

respective  of  the  age  of  the  peel  or  the  storage  conditions,  gave 
negative  tests  for  a-dicarbonyl  compounds.  Even  after  the  ac¬ 
celerated  aging  period  of  60  days  many  of  the  oils  contained 
less  than  10  millimoles  of  a-dicarbonyl  compounds  per  kg.  of  oil. 
It  was  noticed  that  oils  distilled  from  peels  with  a  very  small 
amount  of  pulp  developed  a  higher  a-dicarbdnyl  content  during 
the  aging  period  of  60  days.  Perhaps  there  is  an  antioxidant  in 
the  pulp  of  the  peel. 

Table  VI,  chemical  constants  of  fresh  and  aged  sweet  orange 
oils,  shows  a  great  increase  in  ester  number  for  each  aged  oil. 

In  order  to  understand  better  what  chemical  change  is  re¬ 
sponsible  for  the  shift  in  extinction  maxima  of  sweet  orange  oils 
during  aging,  ethyl  anthranilate  (Felton  Chemical  Co.)  and  decyl 
aldehyde  (Florasynth  Laboratories),  both  freshly  distilled  at 
atmospheric  pressure,  were  added  to  the  fraction  (b.p.  174- 
177°  C.)  of  oil  of  sweet  orange  (Fritzsche  Brothers,  U.S.P.)  whose 
extinction  values  are  shown  as  oil  3,  Table  V.  When  0.5  ml.  of 
ethyl  anthranilate  was  added  to  10  ml.  of  oil  3,  the  extinction 
maximum  shifted  towards  the  visible  light,  oil  4,  Table  V.  When 
0.1  ml.  of  decyl  aldehyde  was  added  to  10  ml.  of  oil  3,  the  ex¬ 
tinction  values  remained  unchanged  (oil  5,  Table  V).  None  of 
the  individual  ester,  aldehyde,  or  oil  had  a  visual  yellow  color. 

Atmospheric  distillation  of  commercial  bitter  orange  oil  into 
two  fractions  and  residue  showed  that  the  compounds  responsible 
for  the  extinction  maximum  shift  of  aged  oil  can  be  concentrated 
in  the  residue  just  as  was  done  with  juniper  oil.  The  extinction 
values  of  the  first  fraction  (b.p.  175-177°  C.)  were  identical  to 
those  of  a  good  sweet  orange  oil.  The  second  fraction  (b.p. 
177-185°  C.)  gave  extinction  values  characteristic  of  good 
bitter  orange  oil.  The  spectral  data  that  enable  one  to  differ¬ 
entiate  between  bitter  and  sweet  oil  and  thereby  ensure  good 
flavor  are  due  to  fraction  2  and  the  residue.  Over  one  half  of  the 
bitter  orange  oil  is  the  same  chemically  when  measured  by  spec¬ 
tral  data  as  sweet  orange  oil. 

Acetylation  of  all  the  fractions  of  bitter  orange  oil  caused  the 
formation  of  a  yellow  color  or  intensification  of  the  yellow  color. 
During  the  course  of  acetylation  it  was  very  noticeable  that  all 
fractions  of  acetylated  bitter  orange  oil  had  a  foreign,  character¬ 
istic  odor.  Fraction  I  had  an  acetyl  number  of  11.9,  fraction  2 
had  an  acetyl  number  of  21.4,  and  the  residue  had  an  acetyl 
number  of  50.1.  The  characteristic  odor  formed  by  acetylation 
will  give  an  additional  test  to  differentiate  bitter  orange  oil 
from  sweet  orange  oil,  thereby  maintaining  the  correct  balance 
of  flavor  in  the  manufacture  of  cordials  and  liqueurs. 

The  acetyl  numbers  of  sweet  orange  oils  steam-distilled  from 
orange  peels  which  have  been  stored  for  about  40  months  were 


lower  than  fraction  1  of  the  bitter  orange  oil.  This  is  additional 
evidence  of  antioxidants  in  the  peel. 

CORIANDER  SEED  OIL 

The  fruit  of  the  Coriandrum  sativum,  known  as  coriander  seed, 
is  used  as  an  ingredient  in  the  manufacture  of  gin.  Seeds  have 
been  offered  for  sale  from  at  least  nine  geographical  growing 
districts  of  Europe  and  Africa.  Ultraviolet  absorption  studies 
have  been  made  of  the  alcoholic  solutions  of  the  various  es¬ 
sential  oils  obtained  by  the  Clevenger  steam-distillation  of  the 
seeds.  The  extinction  values  showed  that  the  distilled  oils  from 
seeds  grown  in  different  geographical  districts  could  be  dif¬ 
ferentiated  from  one  another  by  their  absorption  curves  ( 1 ). 

Extinction  values  were  obtained  using  5  coriander  oils  distilled 
from  shipments  designated  as  seeds  grown  in  England,  Hungary 
and  Russia.  The  absorption  curves  for  Hungarian  seed  oil 
(type  A),  English  seed  oil  (type  B),  and  Russian  seed  oil  (type  C), 
all  of  Figure  3,  show  a  great  likeness  between  the  Russian  and 
Hungarian  oils;  the  English  oil  is  different.  Russian  and 
Hungarian  seeds  are  more  desirable  from  a  flavor  standpoint  foi 
the  manufacture  of  gin  than  are  seeds  of  English  origin. 


Figure  3.  Absorption  Curves  of  Coriander  Seed  Oil 
Types 

Type  A,  oil  of  Hungarian  coriander  seed 
Type  B,  oil  of  English  coriander  seed 
Type  C,  oil  of  Russian  coriander  seed 


Accelerated  aging  of  Russian  coriander  seed  oil  caused  the 
same  type  of  extinction  shift  as  reported  for  juniper  berry  oil 
and  orange  peel  oil.  Even  though  the  oils  steam-distilled  from 
seeds  grown  in  England  and  Russia  differ,  their  absorption  curves 
after  aging  are  almost  identical.  The  oil  of  the  coriander  seed 
remains  fresh  within  the  seed  when  stored  under  ideal  conditions 
for  at  least  40  months. 

CONCLUSION 

The  distiller  must  have  information  at  hand  that  assures  him 
the  same  type  of  botanical  is  being  used  in  each  successive  dis¬ 
tillation  if  uniformity  is  to  be  maintained,  for  it  is  true  that  the 
same  berry,  bark,  or  seed  from  even  slightly  different  geographical 
areas  produces  beverages  of  different  flavor.  The  nature  and 
composition  of  the  oils,  in  addition  to  the  quantities  which  exist 
in  the  botanicals,  are  responsible  for  the  variations  in  flavor- 
imparting  value.  Spectral  data  assist  in  maintaining  correct 
flavor  value. 
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Use  of  Iodine  Monochloride  in  Standardization  of 
Permanganate  Solutions  with  Arsenious  Oxide 

DAVID  E.  METZLER,  ROLLIE  J.  MYERS,  AND  ERNEST  H.  SWIFT,  California  Institute  of  Technology,  Pasadena,  Calif. 


Permanganate  solutions  can  be  standardized  against  arsenious  oxide 
by  using  iodine  monochloride  as  a  catalyst  and  o-phenanthroline 
ferrous  complex  as  indicator.  The  end  point  is  attained  rapidly,  is 
stable,  and  no  correction  for  the  catalyst  is  required  regardless 
of  the  amount  added.  Results  obtained  agree  with  values  obtained 
with  oxalate  by  the  method  of  Fowler  and  Bright  to  within  1  part 
in  3000. 

EXPERIMENTAL  studies  by  Kolthoff,  Laitinen,  and  Lin- 
gane  (.5)  and  Bright  (1)  have  confirmed  the  observations 
made  by  Lang  ( 6 )  and  subsequently  by  others  (2,  7-9)  that  ar¬ 
senious  oxide  can  be  used  as  a  satisfactory  primary  standard  for 
permanganate  solutions  provided  an  iodine  compound  is  added 
to  the  titrated  solution.  Kolthoff  and  co-workers  (5)  and 
Bright  (-0  made  use  of  both  potentiometric  and  visual  end  points; 
the  visual  end  points  were  obtained  both  by  the  permanganate 
color  and  by  using  o-phenanthroline  (1, 10-phenanthroline)-ferrous 
sulfate  complex  as  an  internal  potential  indicator. 

Potassium  iodate  was  used  by  Kolthoff  and  his  co-workers,  and 
either  potassium  iodide  or  iodate  by  Bright;  in  all  cases  1  drop  of 
a  0.0025  formal1  solution  of  the  iodine  compound  was  used  in 
final  volumes  of  from  120  to  175  ml.  Upon  making  titrations 
under  the  conditions  outlined  by  the  above  workers,  and  using 
visual  end  points,  it  was  evident  that  the  rate  of  the  titration 
reaction  became  slow  in  its  final  stages.  Even  2  ml.  before  the 
end  point,  when  using  approximatefy  0.02  formal  (0.1  N)  per¬ 
manganate  solutions,  the  pink  color  of  the  o-phenanthroline  in¬ 
dicator  faded  upon  addition  of  each  drop  of  permanganate  and 
5  to  10  seconds  were  required  for  the  original  color  to  return; 
closer  to  the  end  point  this  effect  became  much  more  pronounced. 
As  a  result,  considerable  time  and  patience  are  required  to  estab¬ 
lish  the  correct  end  point,  and  persons  not  familiar  with  the  end 
point  are  likely  to  obtain  results  significantly  in  error.  It  seemed 
probable  that  this  difficulty  might  be  minimized  if  a  larger 
amount  of  the  catalytic  iodine  compound  were  added;  also,  if  at 
the  end  point  substantially  all  the  iodine  were  present  in  a  single 
oxidation  state,  it  would  be  possible  to  add  a  compound  in  which 
the  iodine  had  this  oxidation  state  and  thus  avoid  the  necessity  of 
a  correction  for  the  catalyst  regardless  of  the  amount  added. 

Because  of  the  stability  of  the  end  point  in  hydrochloric  acid 
solutions  the  use  of  the  o-phenanthroline  indicator  seemed  desir¬ 
able,  and  preliminary  potentiometric  titrations  indicated  that  at 
the  end-point  color  of  this  indicator  substantially  all  the  iodine 
was  in  the  unipositive  state.  This  conclusion  was  confirmed  by 
titrating  arsenious  acid  solutions  to  the  o-phenanthroline  end 
point  and  then  adding  relatively  large  amounts  of  an  iodine  mono¬ 
chloride  solution  without  causing  a  significant  change  in  the  end 
point. 

There  are  presented  below  the  results  of  experiments  which 
were  made  in  order  to  determine  the  conditions  under  which 
arsenious  oxide  can  be  used  as  a  primary  standard  for  permanga¬ 
nate  solutions  when  iodine  monochloride  is  used  as  a  catalyst  and 
o-phenanthroline  ferrous  sulfate  as  the  indicator. 

PREPARATION  OF  CHEMICALS  AND  SOLUTIONS 

An  approximately  0.02  formal  solution  of  potassium  perman¬ 
ganate  was  prepared  and  allowed  to  age  for  2  months,  then 

Formal  concentrations,  formula  weights  per  liter  of  solution,  have  been 
used  because  of  the  uncertainty  attached  to  the  use  of  normal  concentrations 
with  such  compounds  as  potassium  iodate  and  iodine  monochloride  which 
may  have  various  changes  of  oxidation  state. 


filtered  through  a  glass  filter,  and  stored  in  an  all-glass  light- 
protected  bottle.  A  0.002  formal  solution  of  potassium  perman¬ 
ganate  was  prepared  daily  by  accurately  diluting  the  0.02  formal 
solution. 

Bureau  of  Standards  sodium  oxalate  No.  40c  was  used,  and  the 
purity  taken  as  99.95%.  Bureau  of  Standards  arsenious  oxide 
No.  83  was  also  used,  and  the  purity  taken  as  99.98%.  Each  was 
dried  for  1  hour  at  105°  C.  immediately  before  use. 

An  iodine  monochloride  solution  was  prepared  by  the  reaction 
of  potassium  iodide  and  iodate  in  4  formal  hydrochloric  acid, 
using  the  disappearance  of  the  carbon  tetrachloride-iodine  color 
to  determine  the  end  point;  it  was  standardized  with  sodium  thio¬ 
sulfate.  A  0.0025  formal  solution  was  prepared  by  diluting  the 
above  solution  with  2  or  4  formal  hydrochloric  acid. 

Six  formal  sodium  hydroxide  was  prepared  and  stored  in  a 
glass  bottle  provided  with  a  paraffin-coated  glass  stopper.  Rub¬ 
ber-stoppered  bottles  were  found  unsatisfactory  for  the  storage 
of  sodium  hydroxide  solutions  which  are  to  be  used  in  oxidimetry. 

Approximately  0.05  formal  sodium  oxalate  solutions  were 
gravimetrically  prepared  in  1.8  formal  sulfuric  acid  (.)) .  These 
solutions  were  used  for  no  longer  than  2  days. 

Approximately  0.05  formal  arsenious  acid  solutions  were  pre¬ 
pared  by  dissolving  the  weighed  arsenious  oxide  in  25  ml.  of  6 
formal  sodium  hydroxide,  adding  63  ml.  of  12  formal  hydrochloric 
acid  and  2.7  grams  of  sodium  chloride,  and  diluting  to  500  grams. 

The  potential  indicator  was  0.025  formal  o-phenanthroline  fer¬ 
rous  sulfate  as  obtained  from  the  G.  Frederick  Smith  Company. 


PRELIMINARY  EXPERIMENTS 

A  series  of  titrations  was  made  using  the  o-phenanthroline  indi¬ 
cator  procedure  of  Bright  (3)  except  that  successively  increasing 
volumes  of  the  0.0025  formal  iodine  monochloride  solution  were 
added.  With  0.25  ml.  of  the  catalyst,  the  pink  color  of  the  indi¬ 
cator  faded  temporarily  to  a  perceptible  violet  color  upon  the 
addition  of  a  drop  of  0.02  formal  permanganate  approximately 
0.2  ml.  before  the  end  point;  with  0.5  and  1  ml.  of  catalyst  only 
a  transient  fading  of  the  pink  color  was  observed;  and  with  5  ml. 
of  catalyst  fading  was  observed  when  about  0.1  ml.  from  the  end 
point.  The  first  end  point  (a  very  pale  blue  color)  was  transient, 
and  the  pink  color  returned  more  slowly,  and  an  additional  drop 
of  permanganate  (0.02  F)  was  required.  The  resulting  end  point 
was  usually  stable.  The  return  of  the  end  point  with  5  ml.  of 
catalyst  is  attributed  to  a  slow  rate  of  oxidation  of  elementary 
iodine  by  permanganate  under  the  conditions  of  the  titration. 

The  characteristics  of  the  end  point  when  using  in  one  case 
0..04  ml.  of  0.0025  formal  potassium  iodate — the  amount  of  cata¬ 
lyst  used  previously  (1 ,  5) — and  in  the  other  case  1.0  ml.  of  0.0025 
formal  iodine  monochloride  were  compared  by  titrating  2-ml. 
portions  of  0.075  formal  arsenious  acid.  The  behavior  of  the 
indicator  with  the  successive  additions  of  permanganate  is  shown 
in  Table  I. 


Table  I.  Titration  Characteristics  with  Varying  Amounts  of  Iodine 

Catalyst 

(Volume:  approximately  100  ml.  of  solution  0.5  F  in  HC1  and  0.5  F  in  NaCl. 
Indicator:  0.04  mi.  of  0.025  F  o-phenanthroline  ferrous  sulfate.  Catalyst: 
0.04  ml.  of  0.0025  F  KIOs  or  1  ml.  of  0.0025  F  IC1) 

dons 

IC1  catalyst 

Pink  faded 
slightly 

Pink  faded 
slightly 

Pink  faded 
slightly 

End  point  for  0.5 
second 

End  point  for  0.5 
second 

End  point  for  0.5 
s  econd 

Pink  color  faded 
slightly 

Pink  color  faded 
slightly 

End  point  for  1 
second 


KMnCh  Added,  Ml. 

Obs< 

Increment 

Total 

KIOs  catalyst 

0.04 

0.04 

Solution  almost 
colorless 

0.08 

0.12 

Transient  end 
point 

0.50 

1.00 

End  point  for  2 
seconds 

0.50 

1.50 

End  point  for  2 
seconds 

0.50 

2.00 

End  point  for  3 
seconds 

0.25 

2.75 

End  point  for  3 
seconds 

0.04 

3.14 

End  point  for  1 
second 

0.04 

3.18 

End  point  for  4 
seconds 

0.04 

3.22 

End  point  for  13 
seconds 

0.03 

3.25 

End  poii 

625 


626 
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Table  II.  Standardization  of  a  Permanganate  Solution  against 
Sodium  Oxalate  and  Arsenious  Oxide 

(Two  separate  solutions  of  both  oxalate  and  arsenious  oxide  were  prepared 
and  series  of  titrations  made  using  weighted  portions  of  each  solution.  The 
values  shown  are  the  weight  normalities  of  the  perman^mate.) 

Using  Sodium  Oxalate  Using  Arsenious  Oxide 


Solution  A 

Solution  B 

Solution  C 

Solution  D 

0.10792 

0.10788 

0.10791 

0.10793 

0.10789 

0.10788 

0.10793 

0.10791 

0.10793 

0.10790 

0.10794 

0.10794 

0.10792 

0.10787 

0.10793 

0.10791 

0.10794 

Av. 

0.10791 

b. 10790 

0.10793 

0.10793 

Average  deviation,  % 

0.019 

0.015 

0.009 

0.009 

Maximum  deviation,  % 

0.06 

0.05 

0.03 

0.03 

A  series  of  comparison  titrations  was  then  made,  in  order  to 
check  the  precision  of  titrations  made  with  the  large  amount  of 
iodine  monochloride  and  the  agreement  which  could  be  obtained 
with  the  titer  values  obtained  using  sodium  oxalate. 

TITRATION  PROCEDURES 

Titration  of  Arsenious  Acid  Solution  with  Permanga¬ 
nate.  Approximately  50  grams  of  the  arsenious  acid  solution 
were  weighed  out  into  a  400-ml.  beaker  and  diluted  to  100  ml. 
with  water  (giving  a  solution  0.2  formal  in  sodium  chloride  and 
0.6  formal  in  hydrochloric  acid).  One  milliliter  of  0.0025  formal 
iodine  monochloride  in  4  formal  hydrochloric  acid  was  added 
and  the  0.02  formal  potassium  permanganate  solution  was 
added  rapidly  from  a  weight  buret,  with  continuous  stirring,  until 
a  lag  in  the  decolorization  of  the  permanganate  was  noticed. 
The  permanganate  was  then  added  dropwise  (still  with  continu¬ 
ous  stirring)  until  the  permanganate  color  spread  almost  through¬ 
out  the  solution.  (The  indicator  is  advantageously  withheld 
until  this  preliminary  indication  is  obtained,  since  it  permits 


rapid  addition  of  permanganate;  otherwise  the  pink  color  of  th 
phenanthroline  complex  would  prevent  observation  of  the  per 
manganate  color.)  There  was  then  added  0.04  ml.  of  the  indica 
tor  and  the  titration  was  continued  dropwise  with  the  0.02  forma 
permanganate  until  the  first  transient  fading  of  the  indicator  wa- 
detected;  this  is  usually  within  1  drop  of  the  end  point.  Th 
0.002  formal  permanganate  was  then  added  from  a  10-ml.  volum 
buret  until  the  pink  color  could  no  longer  be  detected.  A  blam 
solution  was  prepared,  the  end  point  checked  again,  and  th 
blank  solution  titrated.  The  blanks  required  from  0. 15  to  0.2' 
ml.  of  the  0.002  formal  permanganate. 

Titration  of  Sodium  Oxalate  with  Permanganate.  Th 
procedure  of  Fowler  and  Bright  (3)  was  followed  in  detail. 

The  results  of  the  titrations  are  shown  in  Table  II. 
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Determination  of  2,3-Butylene  Glycol  in  Fermentations 


MARv/IN  J.  JOHNSON,  Department  of  Biochemistry,  University  of  Wisconsin,  Madison,  Wis. 


BROCKMANN  and  Werkman  ( 1 )  described  a  method  for  the 
determination  of  2,3-butylene  glycol  in  fermentations, 
which  was  much  more  satisfactory  than  previous  methods,  but 
had  a  number  of  defects.  Recoveries  were  low,  averaging  96.4%. 
The  distillation  step,  involving  collection  of  1  liter  of  distillate 
from  25  ml.  of  solution,  was  cumbersome.  Moreover,  if  sugar 
was  present  in  the  sample,  interfering  substances  were  formed 
during  the  alkaline  distillation.  The  sample  required  was  large 
(20  mg.  or  more). 

In  the  procedure  described  below,  the  butylene  glycol  is  sepa¬ 
rated  from  the  culture  by  continuous  ether  extraction.  Periodate 
oxidation  is  used,  as  in  the  method  of  Brockmann  and  Werkman. 
The  acetaldehyde  is  determined  by  titration  of  the  sulfite  liber¬ 
ated  when  the  acetaldehyde-bisulfite  complex  is  made  alkaline,  in 
a  step  practically  identical  with  that  used  by  Friedemann  and 
Graeser  (I?)  in  lactic  acid  determination.  Iodometric  acetaldehyde 
titration  has  been  applied  to  butylene  glycol  determination  in 
urine  by  Westerfeld  and  Berg  (5).  Recoveries  are  high  (99%) 
and  reproducible.  There  is  little  interference  from  constituents 
of  culture  media.  From  2  to  10  mg.  of  butylene  glycol  are  re¬ 
quired. 

This  procedure  has  been  in  use  for  more  than  5  years,  and  has 
given  reliable  results  in  student  laboratories. 

EXTRACTION 

Since  2,3-butylene  glycol  is  extracted  relatively  slowly  from 
water  by  ether,  continuous  extraction  is  necessary  for  from  8  to 
48  hours,  depending  on  the  design  of  the  extraction  apparatus. 
In  the  author’s  laboratory,  small  continuous  extractors,  holding 
5  ml.  of  sample,  are  used  in  routine  determinations.  A  battery 
of  these,  attached  to  a  multiple  condenser  and  heated  by  one 


steam  plate,  are  used  to  extract  for  12  hours  or  more  5  ml.  of  cul¬ 
ture  or  diluted  culture,  adjusted  to  pH  7  or  higher  (to  preven 
extraction  of  lactic  acid,  which  interferes).  The  time  necessary 
lor  complete  extraction  should  be  determined  by  experiment  be¬ 
fore  a  standard  extraction  time  is  selected.  Dilution  of  the  cul¬ 
tures  before  extraction  is  desirable  if  frothing  difficulties  are  en¬ 
countered.  A  large  extractor  is  used  with  larger  volumes  of  cul¬ 
ture  for  extraction  times  of  24  to  72  hours. 

After  completion  of  the  extraction,  water  is  added  to  the  ether 
extract,  the  ether  is  evaporated,  and  the  aqueous  sample  is  di¬ 
luted  to  a  known  volume. 


DETERMINATION 

The  apparatus  used  consists  of  a  300-ml.  Kjeldahl  flask  fitted 
with  a  dropping  funnel  and  a  short  glass  condenser.  A  spray 
trap  should  be  placed  between  the  boiling  flask  and  the  conden¬ 
ser.  Ground-glass  connections  are  better  than  a  rubber  stopper, 
but  if  a  stopper  is  used,  it  should  be  cleaned  in  boiling  alkali  be¬ 
fore  use.  The  tube  at  the  delivery  end  of  the  condenser  should  be 
long  enough  to  extend  to  the  bottom  of  the  receiver  flask.  The 
sample,  containing  10  mg.  or  less  of  2,3-butylene  glycol,  is 
pipetted  into  the  Kjeldahl  flask,  5  ml.  of  approximately  normal 
sulfuric  acid  are  added,  and  sufficient  water  to  bring  the  total 
volume  to  about  50  ml.  A  pinch  of  talc  is  added  to  prevent 
bumping.  In  the  250-ml.  Erlenmeyer  receiver  flask  are  placed 
10  ml.  of  sodium  bisulfite  solution  (12.5  grams  per  liter),  made 
from  fresh  reagent  and  smelling  strongly  of  sulfur  dioxide.  The 
end  of  the  condenser  should  dip  below  the  level  of  the  bisulfite 
solution. 

The  burner  is  lighted,  and  as  soon  as  the  vapors  reach  the  con¬ 
denser  25  ml.  of  0.01  M  potassium  periodate  (2.3  grams  per  liter) 
are  added  by  slow  dropping  from  the  dropping  funnel.  The  rate 
of  addition  should  be  such  that  25  ml.  are  added  during  4  or  5 
minutes.  If  periodate  addition  is  begun  before  boiling  begins,  the 
first  acetaldehyde  produced  will  be  mixed  with  air,  and  may  not 
be  completely  absorbed  by  the  bisulfite.  If  periodate  addition  is 
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ilayed  long  after  distillation  is  begun,  butylene  glycol  will  be 
st  in  the  distillate.  Distillation  is  continued  for  5  minutes 
ter  addition  of  the  periodate  has  been  completed.  During  the 
st  minute  of  the  distillation,  the  receiver  flask  is  lowered,  so 
iat  the  end  of  the  condenser  no  longer  extends  below  the  surface 
f  the  distillate.  When  distillation  is  stopped,  the  bisulfite  ad¬ 
oring  to  the  end  of  the  condenser  is  rinsed  into  the  flask. 

Iodine  solution  (0.2  IV  is  a  convenient  strength)  is  now  added  to 
ie  flask  to  oxidize  the  excess  bisulfite.  The  iodine  is  run  in 
irefully  as  the  end  point  is  approached.  A  drop  or  two  of  ex- 
:ss  iodine  is  added,  and,  after  the  addition  of  starch  indicator,  the 
dution  is  adjusted  to  an  accurate  end  point  by  weak  thiosulfate, 
he  sample  is  now  ready  for  titration  of  the  bound  bisulfite,  ac- 
irding  to  the  procedure  of  Friedemann  and  Graeser  (2).  About 
)  ml.  of  saturated  sodium  bicarbonate  are  added,  and  standard 
01  N  iodine  from  a  buret  is  added  rapidly,  preferably  at  a  rate 
ich  that  the  found  bisulfite  is  oxidized  as  rapidly  as  it  is  liber- 
,ed.  When  bisulfite  liberation  slows  down,  5  ml.  of  bicarbonate 
•e  added,  and  the  titration  is  carried  to  completion.  One  milli¬ 
ter  of  10%  sodium  carbonate  is  then  added  to  ensure  complete 
'.sulfite  liberation. 

One  equivalent  of  iodine  corresponds  to  0.25  mole  of  butylene 

ycol. 

A  blank  determination  should  be  run,  and  should  give  a  titra- 
on  of  about  0.1  ml.  of  0.01  N  iodine.  This  blank  value  is  ap- 
iied  as  a  correction  to  each  determination. 

RESULTS 

As  may  be  seen  from  Table  I,  recoveries  by  the  oxidation  and 
tration  procedure  average  about  99%.  The  2,3-butylene  glycol 
as  a  sample  of  the  meso  compound,  three  times  recrystallized. 
:s  melting  range  (thermometer  immersed  in  sample,  rate  of 
imperature  rise,  0.2°  C.  per  hour)  was  from  34.1°  to  34.2°. 

In  Table  II,  the  recoveries  obtained  in  the  extraction  step  are 
iven.  Each  extractor  (small  vertical  type)  contained  5  ml.  of 
%  Difco  yeast  extract  or  13%  acid-hydrolyzed  wheat  mash, 
ach  sample  contained  110.2  mg.  of  glycol.  The  extraction  time 
as  15  hours.  Extraction  from  the  clear  medium  was  practi- 
illy  quantitative,  but  recovery  from  the  hydrolyzed  wheat  mash, 
hich  contained  a  small  amount  of  apparent  glycol  and  much 
ispended  material,  was  more  erratic. 

CORRECTION  FOR  ACETOIN 

Most  cultures  containing  2,3-butylene  glycol  also  contain 
cetoin,  which  will  be  extracted  by  ether.  On  periodate  oxida- 
on,  it  yields  one  molecule  of  acetaldehyde.  When  the  acetoin 
intent  of  the  sample  is  determined  by  an  independent  method,  a 


Table  I.  Recovery  of  Pure  2,3-Butylene  Glycol 


Samples  containing  known  amounts  of  pure  butylene  glycol  were  sub- 

icted  to  oxidation  and 

titrated.  They  were  not  extracted  with  ether.) 

Glycol  in 

Glycol 

Sample 

Recovered 

Recovery 

Mg. 

Mg. 

% 

8.577 

8.52 

99.4 

8.47 

98.8 

4.233 

4.180 

98.8 

4.180 

98.8 

4.203 

99.3 

4.175 

98.6 

1.704 

1.698 

99.7 

1.698 

99.7 

Table  II.  Recovery 

of  Butylene  Glycol 

by  Ether  Extraction 

Glycol 

Extracted 

Extractor 

From  yeast 

From  hydrolyzed 

No. 

extract 

wheat0 

% 

% 

1 

99.8 

96.0 

99.4 

96.2 

2 

99.5 

99.2 

99.5 

99.2 

3 

99.8 

96.5 

99.8 

97.2 

4 

98.2 

97.0 

Blank  (no  glycol 

0.0 

1.0 

added  to  medium) 

0.1 

1.0 

a  Corrected  for  apparent  glycol  in  hydrolyzate. 

Table  III.  Determination  of  2(3-Butylene  Glycol  by  Direct  Titration 


Glycol  in 

pH  During 

Glycol 

Sample 

Oxidation 

Found 

Recovery 

Mg. 

Mg. 

% 

4.208 

a 

4.172 

99.3 

4.164 

99.1 

3.386 

a 

3.397 

100.3 

3.396 

100.3 

1.693 

a 

1.712 

101.1 

1.707 

100.8 

2.617‘ 

a 

2.594 

99.2 

2.594 

99.2 

3.386 

a 

3.390 

100.1 

3.388 

100.1 

3.386 

2.6 

3.400 

100.4 

3.386 

4.8 

3.402  . 

100.4 

3.386 

7.0 

3.900 

115.0 

7.0 

3.862 

113.9 

1.693 

7.0 

2.393 

141.2 

7.0 

2.443 

144.2 

a  0.067  N  H2SOs. 

&  Sample  consisted  of  acetoin,  recovery  calculated  as  acetoin. 


correction  may  be  made  for  the  interference  caused.  The  ace¬ 
toin  method  used  in  this  laboratory  is  a  modification  of  the 
method  of  Langlykke  and  Peterson  (3).  The  foaming  often  en¬ 
countered  during  the  distillation  in  this  method  is  obviated  by 
dilution  of  the  culture  before  distillation.  To  10  ml.  or  less  of 
distillate  are  added  2  ml.  of  N  sodium  hydroxide  and  5  ml.  of 
0.02  N  iodine.  After  10  minutes,  the  sample  is  acidified  and 
titrated  with  0.005  N  thiosulfate. 

DIRECT  TITRATION  OF  2,3-BUTYLENE  GLYCOL 

In  the  absence  of  other  compounds  oxidizable  by  periodate, 
2,3-butylene  glycol  may  be  determined  by  titration  of  the  excess 
periodate. 

The  sample,  10  ml.  or  less  in  volume,  containing  not  more  than 
4  mg.  of  glycol,  is  pipetted  into  a  25  X  200  mm.  test  tube,  1  ml. 
of  1.0  N  sulfuric  acid  and  5  ml.  of  potassium  periodate  solution 
(2.3  grams  per  liter)  are  added,  and  the  contents  of  the  tube  are 
mixed.  The  tube  is  then  heated  for  10  minutes  in  a  boiling  water 
bath.  After  cooling,  5  ml.  of  0.5  M  of  sodium  dihydrogen  phos¬ 
phate  solution  are  added.  The  contents  of  the  tube  are  well 
mixed,  and  1  ml.  of  potassium  iodide  solution  (300  grams  per 
liter)  is  added.  The  liberated  iodine  is  titrated  immediately  with 
0.005  N  thiosulfate  from  a  25-ml.  buret.  The  weak  thiosulfate 
will  keep  for  only  a  few  hours,  and  is  therefore  made  as  needed  by 
suitable  dilution  of  stronger  standard  thiosulfate.  The  differ¬ 
ence  in  titration  between  a  tube  containing  the  sample  and  a 
blank  tube  is  a  measure  of  the  butylene  glycol  content  of  the 
sample.  One  milliliter  of  0.005  N  thiosulfate  is  equivalent  to 
0.2253  mg.  of  2,3-butylene  glycol.  Acetoin  interferes  quantita¬ 
tively,  1  mole  of  acetoin  being  equivalent  to  1  mole  of  glycol. 

In  this  procedure,  the  oxidation  takes  place  in  acid  solution, 
but  during  the  titration  the  pH  is  near  6.8.  Under  these  condi¬ 
tions,  periodate  is  reduced  only  to  iodate,  and  large  back-titra¬ 
tions  are  avoided.  The  titration  of  periodate  in  neutral  solution 
has  been  applied  to  glycerol  determination  by  Voris,  Ellis,  and 
Maynard  (4). 

From  Table  III,  it  may  be  seen  that  recoveries  of  slightly  more 
than  100%  are  obtained  with  small  samples,  and  that  the  pres¬ 
ence  of  acid  during  the  oxidation  is  essential.  In  the  samples 
oxidized  at  definite  pH  values,  the  pH  was  held  constant  by  suit¬ 
able  buffers.  The  titration  step  was  always  carried  out  at  pH 
6.8. 
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Determination  of  Moisture  in  Whole  Egg  Powder 

W.  N.  LINDSAY  and  TOM  MANSFIELD 
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A  method  of  determining  the  moisture  content  of  whole  egg  powder 
with  a  standard  error  in  precision  of  0.01%  is  presented.  The 
equipment  required  is  generally  available,  or  can  be  easily  made. 

DURING  a  study  of  the  drying  of  egg  powder  to  low  moisture 
levels  (less  than  1%),  the  need  for  a  fast  and  reproducible 
moisture  determination  method  soon  became  evident.  The 
A.O.  A.C.  method  (2)  is  relatively  slow,  requiring  5  to  6  hours'  oven 
time,  and  it  is  impossible  to  reach  a  constant  weight.  The  appar¬ 
ent  moisture  determined  by  this  method  increases  at  a  rate  of 
0.06%  per  hour  of  oven  time  after  4  hours’  initial  heating. 

It  has  been  shown  by  Cleland  and  Fetzer  (3)  that  correct  prep¬ 
aration  of  the  sample  will  allow  moisture  contents  of  thermal- 
sensitive  products  to  be  determined  by  the  distillation  method. 
In  order  to  obtain  satisfactory  results  by  this  method  with  de¬ 
hydrated  products  at  low  moisture  levels,  the  sample  weight  be¬ 
comes  excessive.  The  procedure  of  Makower  and  Myers  (4) 
whereby  the  vapor  pressure  of  the  foodstuff  is  determined  leads 
to  a  fair  degree  of  reproducibility,  but  the  results  have  to  be  con¬ 
verted  by  comparison  with  some  direct  method  if  they  are  to  be 
recorded  as  per  cent  moisture.  The  determination  of  low  mois¬ 
ture  levels  apparently  requires  the  use  of  elevated  sample  tem¬ 
peratures,  thereby  introducing  the  factor  of  possible  decomposi¬ 
tion  of  the  product.  The  Fischer  titration  method  ( 1 )  has  been 
reported  (personal  communication)  to  give  excellent  results  on 
egg  powder,  but  requires  the  services  of  an  experienced  analyst, 
since  frequent  standardization  of  reagents  is  necessary.  A  sensi¬ 
tive  potentiometer  with  low  current  consumption  is  also  re¬ 
quired. 

Previous  experience  in  the  drying  of  degraded  starch  products 
had  indicated  the  value  of  a  drying  procedure  utilizing  a  high- 
vacuum  chamber  with  good  heat  transfer  to  the  sample  being 
dried.  The  apparatus  shown  in  Figure  1  was  devised  and  tests 
were  run  to  determine  the  time  and  temperature  required  to 
obtain  consistent  results  with  a  minimum  of  decomposition  as 
indicated  by  a  small  continuous  change  in  apparent  moisture. 

DESCRIPTION  OF  METHOD 

The  drying  oven  was  made  of  two  brass  tubes  of  dimensions 
shown  (Figure  1),  all  seams  being  silver-soldered  and  tested  for 
leaks.  It  was  considered  advisable  to  use  standard  glass- 
stoppered  weighing  bottles,  since  these  can  be  tightly  closed  to 
prevent  moisture  pickup  while  handling  and  weighing,  are  con¬ 
venient  to  handle,  and  are  light  in  weight.  Outside  ground  cap 
^weighing  bottles  25  mm.  in  inside  diameter  and  50  mm.  high 
were  chosen,  since  a  3-gram  sample  of  egg  powder  (apparent  density 
0.24  gram  per  cc.,  15  pounds  per  cubic  foot)  could  be  easily  placed 
in  each  bottle.  These  bottles  had  a  cross-sectional  area  of  4.84 
sq.  cm.  (0.75  square  inch)  and  were  high  enough  to  prevent  loss 
of  sample  when  the  pressure  in  the  apparatus  was  suddenly  re¬ 
duced. 

The  holder  illustrated  in  Figure  1,  10,  maintained  the  bottles  in 
a  fixed  position  and  was  convenient  to  handle.  It  also  allowed  a 
large  cross-sectional  area  to  be  maintained  between  the  dry  ice 
trap  and  the  samples. 

The  top  of  the  inner  tube  of  the  drying  oven  was  connected  to 
the  dry  ice  trap  using  Pyrex  tubing  17  mm.  in  outside  diameter. 
Care  was  taken  to  maintain  the  full  cross-sectional  area  of  this 
tube  at  the  bends.  The  connecting  tubing  was  fastened  to  the 
U-tube  by  a  short  length  of  heavy  walled  rubber  tubing,  1.25 
cm.  (0.5  inch)  in  inside  diameter. 

A  standard  0.94-liter  (1-quart)  silvered  Dewar  flask  held  a 
mixture  of  methanol  and  dry  ice.  An  excess  of  dry  ice  was 
added  and  the  flask  once  filled  needed  no  further  attention  for  8 
hours  or  more.  The  U-tube  trap  was  constructed  of  17-mm. 
Pyrex  tubing.  It  was  found  that  this  simple  design  of  trap  was 
stronger  and  just  as  effective  as  the  more  elaborate  types.  It 


was  easy  to  clean.  It  did  not  plug  up  at  the  bottom,  since  inco 
ing  condensable  vapors  collected  along  the  vertical  arm  above  t 
bend,  almost  all  condensation  occurring  in  the  incoming  arm 
the  trap.  The  trap  could  be  inspected  while  in  operation,  sir 
the  frozen  moisture  formed  an  easily  observable  layer  in  the  tul 
and  the  thickness  of  the  collected  layer  could  be  estimated 
looking  down  through  the  bend  in  the  connecting  tube.  Wh( 
after  several  determinations,  the  layer  of  condensables  reduc 
the  internal  diameter  of  the  U-tube  to  about  0.6  cm.  (0.25  incl 
the  trap  was  removed,  the  ice  melted  by  holding  under  runni 
water,  and  the  trap  dried  with  a  small  quantity  of  acetone.  1 
dry  ice-methanol  mixture  provided  a  convenient  method 
maintaining  a  low  vapor  pressure,  since  dry  ice  is  now  availal 
from  almost  all  ice  cream  manufacturers. 

The  system  was  connected  to  a  Cenco  Hyvac  pump  which  v 
allowed  to  run  continuously  during  a  determination.  A  McLe 
gage  was  used  to  check  the  pressure  on  the  pump  side  of  the  c 
ice  trap.  Without  special  precautions  it  was  possible  to  mainti 
a  pressure  of  0.05  mm.  of  mercury  consistently,  and  all  determii 
tions  were  made  at  this  pressure. 

The  jacket  of  the  drying  oven  contained  a  small  quantity 
water  and  was  maintained  at  the  boiling  point  by  a  small  f 
flame.  The  condenser  at  the  top  returned  the  condensate  to  t 
jacket.  Water  losses  were  found  to  be  negligible.  Other  liqu: 
could  be  substituted  for  water  if  desired  to  maintain  higher 
lower  temperatures. 


Figure  1.  Apparatus  for  Determination  of  Moisture 

(1)  17  X  2.5  inch  O.D.  16-gage  brass  tube.  (2)  16.5  X  1.5  inch  O.D.  I7 
inch  I.D.  brass  tube.  (3)  Connection  tube,  17-mm.  O.D.  Pyrex  tubing,  (■ 
U-tube  trap,  17-mm.  O.D.  Pyrex  tubing,  over-all  length  12.375  inches.  (5) 
Quart  wide-mouthed  Dewar  flask.  (6)  Side  view  of  bottle  holder  rings,  bra 
wire  18-gage.  (7)  Top  view  of  bottle  holder  rings.  (8)  Top  view  of  base  > 
bottle  rack.  (9)  No.  8  rubber  stopper.  (10)  Bottle  rack  14-gage  brass  wir 
with  rings  soldered.  (11)  Condenser.  (12)  Level  indicator  and  condense 
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EXPERIMENTAL  PROCEDURE 

Wash  the  weighing  bottles,  dry  to  constant  weight  (±0.0001 
im),  and  store  in  a  desiccator  containing  anhydrous  calcium  sul- 
,e  Place  a  3.0  ±0. 5-gram  sample  of  powder  in  the  bottle,  quickly 
>pper,  and  weigh  to  0.0001  gram.  When  working  with  egg  pow- 
r  of  less  than  1  %  moisture,  the  time  of  exposure  of  the  egg  powder 
the  atmosphere  must  be  less  than  10  seconds.  A  cork  borer  15 
n.  in  diameter  may  be  used  to  collect  the  sample.  Push  the 
ter  to  a  depth  of  30  to  40  mm.  into  the  powder  to  be  sampled, 
thdraw  carefully,  hold  above  the  weighing  bottle,  and  tap 
atly  to  cause  the  plug  of  powder  to  fall  into  the  bottle.  A 
nimum  area  of  powder  surface  is  exposed  to  the  atmosphere  by 
is  procedure.  The  sampling  time  may  be  held  to  10  seconds 
thout  undue  difficulty. 

Place  from  1  to  6  samples  in  the  drying  oven  rack  after  remov- 
r  stoppers.  Place  stoppers  in  desiccator  and  place  samples  in 
3  hot  oven.  Connect  the  dry  ice  trip,  start  pump,  and  note 
ne  when  pressure  reaches  0.05  mm.  of  mercury  (about  2  mm- 
js  after  starting  pump).  Maintain  water  at  gentle  boil  as 
licated  by  condensate  dripping  from  condenser  and  maintain 
cuum  for  75  minutes.  Release  vacuum  through  the  dry  ice 
ip  over  a  period  of  30  seconds,  so  that  moist  air  will  not  be 
jked  into  drying  oven.  It  is  advisable  to  restrict  the  vacuum 
ease  with  a  length  of  fine  capillary  tubing  to  ensure  a  slow  entry 
air  through  the  dry  ice  trap  to  the  drying  oven.  Disconnect 
ip,  remove  samples,  stopper  immediately,  and  place  in  desic- 
tor.  Allow  to  stand  20  minutes,  or  until  cold,  and  weigh  to 
0.0001  gram.  Empty  weighing  bottles,  wipe  thoroughly  with 
an  absorbent  gauze,  reweigh,  and  store  in  desiccator. 

SAMPLE  PREPARATION 

The  re'sults  listed  in  Table  I  were  obtained  from  three  samples 
spared  as  follows: 

Samples  of  egg  powder  (300  grams)  were  sifted  on  a  large  sheet 
paper,  thoroughly  mixed,  resifted,  mixed  again,  then  placed 
a  1-liter  rubber-stoppered  bottle.  Six  samples  were  run  under 
ffi  set  of  conditions.  The  time  of  treatment  was  taken  from 
3  time  at  which  the  pressure  reached  0.05  mm.  of  mercury 
out  2  minutes  after  starting  the  pump. 

Runs  1,  2,  and  3  were  made  at  100°  C.,  runs  5  and  6  at  78  C. 
le  A.O.A.C.  procedure  was  used  for  run  4.  The  results  are 
llected  in  Table  I  and  plotted  in  Figure  2. 


DISCUSSION  OF  RESULTS 

I  When  weighings  on  3-gram  samples  are  made  to  0.0001  gram, 
e  precision  of  the  moisture  percentage  is  ±0.007  unit.  The 


Run 

No. 

1 


2 


3 


4 


6 


6 


Table  1. 

Determination  of  Moisture 

Heating 

Time, 

No.  of 

Mean  Weight 

Standard 

Minutes 

Samples 

Loss,  % 

Error 

5 

6 

1.969 

0.023 

10 

6 

2.392 

0.034 

15 

6 

2.846 

0.025 

20 

6 

3.081 

0.027 

30 

6 

3.318 

0.009 

60 

6 

3.383 

0.010 

60 

6 

3.412 

0.015 

90 

5 

3.467 

0.007 

120 

-  6 

3.425 

0.013 

5 

5 

3.490 

0.007 

10 

5 

4.814 

0.075 

10 

6 

4.737 

0.029 

15 

6 

5.155 

0.019 

30 

5 

5.434 

0.011 

60 

6 

5.528 

0.005 

90 

6 

5.549 

0.008 

120 

6 

5.593 

0.008 

60 

6 

5.175 

O'.  008 
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Figure  2.  Moisture  Determination 

1  and  4.  Fast  method  and  A.O.A.C.,  respectively,  run  on  same  powder  sample. 

2  and  5.  Fast  method  at  100°  and  78°  C..  respectively,  run  on  same  powder 
sample.  3  and  6.  Fast  method  at  1 00°  and  78*  C„  respectively,  run  on  same 

powder  sample.  Diameter  ol  circles  is  Four  times  standard  error 


difference  between  two  weighings,  each  made  to  ±0.0001  gram,, 
is  ±0.0002  gram,  and  for  a  5%  moisture  sample  loss  in  weight  is, 
0.1500  gram. 

(0.0002/0.1500)  X  100  =  0.13%  error 
5  ±  (5  X  0.13%)  =  (5  ±  0.007)%,  for  1  sample 

The  standard  error  of  the  arithmetic  mean  for  six  samples; 
would  be : 


V 


S  (x2) 
N(N  -  1) 


/ 0000294  =  0  003l 
\  6X5 


for  5  samples,  0.0035,  and  for  2  samples,  0.007,  x  is  the  deviation 
of  any  determination  from  the  arithmetic  mean.  N  is  the  num¬ 
ber  of  determinations. 

The  standard  errors  of  the  experimental  results  for  60,  90,  and 
120  minutes  fall  between  0.021  and  0.001,  the  mean  being  0.008. 
The  experimental  error  is  about  twice  the  calculated  weighing 
error,  showing  that  errors  in  handling,  heating,  and  cooling  the 
weighing  bottles  are  small  and  of  no  significance.  When  han¬ 
dling  egg  powder  of  low  initial  moisture,  the  chance  of  moisture 
pickup  will  be  increased,  and  greater  variations  of  the  result  will 
occur  unless  careful  technique  is  used.  It  was  found  that  a  0.6- 
cm.  (0.25-inch)  layer  of  egg  powder  changed  from  1.06  to  1.49% 
moisture  in  a  5-minute  period  when  exposed  to  a  50%  relative 
humidity  21.11°  C.  (70°  F.)  atmosphere. 

The  rate  of  decomposition  at  100°  C.  in  this  fast  method  in 
terms  of  apparent  moisture  increase  is  0.055%  per  hour,  esti¬ 
mated  from  the  best  straight  lines  through  the  60-,  90-,  and  120- 
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minute  samples.  In  this  laboratory  a  standard  time  of  heating 
of  75  minutes  is  used.  The  maximum  error  from  slow  volatiliza¬ 
tion  or  decomposition  of  the  samples  in  this  period  is  0.07.  The 
rate  of  increase  in  apparent  moisture  appears  to  be  reproducible 
to  0.02,  and  is  of  the  same  magnitude  as  found  in  the  A.O.A.C. 
method.  The  end  point  of  the  determination  is  reached  in  1.25 
hours  against  5  or  6  hours  for  the  A.O.A.C.,  thus  eliminating  a 
large  part  of  the  uncertainty  of  the  true  end  point.  The  break 
in  the  curve  is  very  sharp  compared  to  the  A.O.A.C.  curve,  thus 
limiting  the  maximum  time  of  decomposition  to  75  minutes. 

The  runs  made  at  78°  C.,  using  ethanol  in  the  heating  jacket, 
show  a  rate  of  increase  in  apparent  moisture  slightly  less  than  that 
found  at  100°  C. 

The  apparent  moisture  determined  at  78°  C.  is  0.13%  lower 
than  that  obtained  at  100°  C.  It  is  probable  that  substances 
less  volatile  than  water  are  driven  off  at  the  temperatures  and 
pressures  involved.  The  determination  of  the  absolute  value  of 
the  moisture  content  would  then  require  an  analysis  of  the 
vaporized  materials  at  high  vacuum  and  temperatures  sufficiently 
low  to  avoid  decomposition. 

The  determination  made  at  100°  C.  with  a  75-minute  heating 
period  agrees  closely  with  the  A.O.A.C.  method  using  a  5-hour 


heating  period;  hence  these  conditions  have  been  adopted 
standard  in  this  laboratory.  The  precision  of  this  fast  meth 
gives  a  reproducibility  of  0.01  percentage  unit,  and  the  variab 
such  as  temperature,  vacuum,  and  moisture  pickup  can  be  eas 
controlled. 

For  routine  moisture  determinations  using  duplicate  sampl 
weighings  made  to  0.001  gram  will  yield  moisture  percents 
figures  with  a  standard  error  of  0.07%  moisture  in  the  range 
0.5  to  5%  moisture.  However,  for  determinations  on  powc 
with  moisture  contents  under  1%,  greater  precision  of  weighi 
is  indicated. 
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Determination  of  Total  Sulfur  in  Feeds 

Modified  Nitric  and  Perchloric  Acid  Digestion  Procedure 

ROBERT  JOHN  EVANS  AND  J.  L.  ST.  JOHN,  Washington  Agricultural  Experiment  Station,  Pullman,  Wash. 


A  method  of  determining  the  total  sulfur  content  of  feeds  and 
similar  substances  by  destroying  the  organic  matter  and  oxidizing  the 
sulfur  compounds  to  sulfates  by  digestion  with  nitric  and  perchloric 
acids  is  described.  The  sample  is  dissolved  and  partially  oxidized  by 
heating  with  concentrated  nitric  acid  on  a  steam  bath  for  24  hours. 
The  most  important  modification  is  the  more  complete  oxidation  of 
the  sulfur  compounds  to  sulfates,  which  is  accomplished  by  gentle 
boiling  with  perchloric  acid  for  about  t5  hours.  The  results  ob¬ 
tained  agree  with  those  by  the  Parr  bomb  method. 

N  DETERMINING  total  sulfur  in  feeds,  it  is  often  desirable 

to  use  large  samples  of  material  containing  small  amounts  of 
sulfur  or  to  determine  the  sulfur  content  of  the  residue  left  on  a 
filter  paper.  As  the  rapid  Parr  bomb  method  (7)  cannot  be  used 
under  such  conditions,  the  use  of  nitric  and  perchloric  acids  for 
oxidizing  organic  matter  appeared  as  a  possible  substitute  for  the 
Parr  bomb  sodium  peroxide  fusion  method. 

A  combination  of  nitric  and  perchloric  acids  has  been  used  to 
a  considerable  extent  in  this  laboratory  for  the  decomposition  of 
biological  materials  preliminary  to  the  quantitative  determina¬ 
tion  of  certain  elements.  Gerritz  ( 8 )  used  this  method  for  digest¬ 
ing  biological  material  for  calcium  and  phosphorus  determina¬ 
tions.  Cook  (3)  digested  feeds  with  nitric  and  perchloric  acids 
to  decompose  the  organic  matter  in  preparation  for  the  deter¬ 
mination  of  manganese.  St.  John  and  Midgley  (3)  digested 
plant  materials  with  nitric  and  perchloric  acids  as  part  of  a  rapid 
method  for  the  determination  of  potassium  in  plant  material. 

In  a  preliminary  study  it  was  found  that  low  results  were  ob¬ 
tained  when  sulfur  was  determined  on  a  solution  prepared  by  di¬ 
gesting  the  feed  with  nitric  and  perchloric  acids  as  described  by 
Gerritz  (3)  for  the  determination  of  calcium  and  phosphorus. 
Several  modifications  of  this  method  were  then  investigated. 
Sulfur  determinations  were  made  by  each  method  on  samples  of 
herring  fish  meal,  soybean  oil  meal,  and  ground  wheat. 


METHODS 

Method  A.  The  nitric  and  perchloric  acid  digestion  proc 
dure  developed  by  Gerritz  (S)  in  this  laboratory  was  used  as 
starting  point,  and  all  other  methods  were  modifications  of 
It  consists  essentially  of  adding  35  ml.  of  concentrated  niti 
acid  to  a  2.00-gram  sample  of  feed  in  a  500-ml.  Kjeldahl  flask,  ai 
heating  gently  till  the  material  is  past  the  colloidal  stage  and  go 
into  solution.  Then  10  ml.  of  70%  perchloric  acid  are  add< 
and  the  solution  is  evaporated  to  perchloric  acid  fumes  and  th< 
heated  till  it  is  colorless.  This  method  was  also  found  satisfa 
tory  in  this  laboratory  for  manganese  (2)  and  potassium  (<§). 

Method  B.  Evidence  of  Kahane  and  Kahane  (5)  indicat 
that  low  results  may  be  caused  by  the  loss  of  volatile  sulfur  coi 
pounds  before  they  are  oxidized.  Sulfur  may  possibly  be  lost 
hydrogen  sulfide.  One  gram  of  copper  nitrate  was  added  to  tl 
samples  before  digestion  in  an  attempt  to  fix  the  sulfur  un' 
oxidized  to  sulfate. 

Method  C.  _  This  is  essentially  the  method  of  Wolesensky  f 
the  determination  of  sulfur  in  rubber  (9).  Essential  differenc 
from  Method  A  are  that  the  sample  is  digested  on  a  steam  bai 
with  dilute  nitric  acid  (1  to  1)  solution  until  the  reaction  su 
sides  before  the  addition  of  concentrated  nitric  acid.  Five  mil 


Table  I.  Total  Sulfur  in  Feeds 

(Comparison  of  some  nitric-perchloric  acid  digestion  procedures  and 


Parr  bomb 

Method 

method) 
Herring 
Fish  Meal 

Soybean 

Oil  Meal 

Groun 

Wheal 

A. 

Method  first  developed  in  this 

% 

% 

% 

laboratory 

0.634 

0.286 

0. 109 

B. 

Digestion  in  presence  of  Cu- 
(N03)2 

0.475 

0.326 

0.099 

C. 

Start  digestion  with  41% 
HNO3,  add  HCl  to  drive  off 
HNO3  after  digestion 

0.545 

0.302 

0. 114 

D. 

Start  digestion  with  HCl, 
HNOa,  and  H2O 

0.692 

0.336 

0.123 

E. 

Heat  on  water  bath  with 
HNO3  for  24  hours 

0.679 

0.292 

0.104 

F. 

Boil  perchloric  acid  gently  for 

15  hours 

0.891 

0.424 

0.126 

G. 

Combination  of  E  and  F 

0.944 

0.416 

0.127 

H. 

Parr  bomb  method 

0.942 

0.409 

0.127 
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Table  II.  Total  Sulfur  in  Feeds 

,ompari8on  of  Parr  bomb  and  modified  nitric-perchloric  acid  digestion 

methods) 


Sample 

Parr  Bomb  (H) 

Nitric- 

Perchloric  (G) 

g/h'  X  100 

% 

% 

% 

lathers  (0.5  gram  sam 

pies,  both  methods) 

2.093 

2.034 

97.2 

•rring  fish  meal 

0.958 

0.950 

99.2 

0.942 

0.944 

100.2 

ichard  fish  meal 

0.879 

0.882 

100.3 

ude  casein 

0.675 

0.665 

98.5 

■wdered  whey 

0.309 

0.325 

105.2 

eat  scraps 

0.483 

0.484 

100.2 

0.434 

0.432 

99.5 

ybean  oil  meal 

0.428 

0.420 

98.1 

0.409 

0.416 

101.7 

0.414 

0.404 

97.6 

ittonseed  meal 

0.403 

0.418 

103.7 

falfa 

0.379 

0.381 

100.5 

its 

0.132 

0.132 

100.0 

heat 

0.127 

0.127 

100.0 

>rn 

0.128 

0.125 

97.7 

Table  III.  Recovery  of  Sulfur  of  Cystine  and  Methionine 


(By  Parr  bomb  and  nitric-perchloric  acid  digestion  methods) 


Method 

Cystine  A 

Cystine  B 

Methionine 

% 

% 

% 

ieoretical 

26.69 

26.69 

21.50 

rr  bomb 

26.58 

25.61 

21.27 

tric-perchloric  (Gerritz,  3) 

25.65 

24.46 

1.55 

tric-perchloric-modified  (G) 

25.76 

25.24 

20.65 

odified  nitric-perchloric  w 

96.9 

98.6 

97. 1 

Parr  bomb 

ers  of  concentrated  hydrochloric  acid  are  added  after  the  per- 
loric  acid  solution  has  become  colorless  and  it  is  again  heated 
perchloric  acid  fumes. 

Method  D.  This  is  based  on  the  micromethod  of  Jones  (4), 
id  consists  of  heating  the  material  with  40  ml.  of  distilled  water, 
i  ml.  of  concentrated  hydrochloric  acid,  and  30  ml.  of  concen- 
ited  nitric  acid  until  in  solution,  and  then  proceeding  as  in 
ethod  A. 

Method  E.  The  sample  is  heated  on  the  water  bath  with 
ncentrated  nitric  acid  for  24  hours,  and  perchloric  acid  is  added 
ter  the  material  goes  into  solution.  The  nitric  acid  is  then 
►iled  off  and  the  rest  of  the  procedure  of  Method  A  followed. 
Method  F.  The  sample  is  treated  with  nitric  and  perchloric 
ids  as  in  Method  A.  After  the  solution  has  been  evaporated  to 
rchloric  acid  fumes,  it  is  boiled  gently  for  about  15  hours, 
iditional  perchloric  acid  is  added  when  necessary  to  prevent 
aporating  to  dryness. 

Method  G.  This  combines  the  modifications  of  Methods 
and  F  and  is  essentially  the  method  of  Masters  ( 6 )  with  some 
odifications. 

Method  H.  This  is  the  Parr  bomb  method  (7). 

ODIFIED  NITRIC  AND  PERCHLORIC  ACID  DIGESTION  PROCEDURE  FOR 
TOTAL  SULFUR  IN  FEEDS 

The  data  presented  in  Table  I  indicate  that  Method  G  was  the 
fly  one  of  the  nitric-perchloric  acid  digestion  methods  that  gave 
suits  in  good  agreement  with  the  Parr  bomb  method  for  the 
tree  samples  studied.  Therefore  the  following  method  was 
rally  adopted  for  the  determination  of  total  sulfur  in  feeds  by 
gestion  with  nitric  and  perchloric  acids. 

Weigh  a  2.00-gram  sample  of  the  feed  into  a  500-ml.  Kjeldahl 
isk,  add  35  ml.  of  concentrated  nitric  acid,  and  heat  on  the 
earn  bath  till  the  feed  goes  into  solution  and  the  reaction  sub- 
des.  Add  10  ml.  of  70%  perchloric  acid  and  continue  heating 
l  the  steam. bath  for  a  total  of  24  hours.  Heat  the  flask  over  a 
w  flame  till  the  nitric  acid  boils  off  and  perchloric  acid  fumes 
•e  obtained.  Adjust  the  burner  so  that  the  perchloric  acid 
ilution  boils  gently.  Continue  boiling  for  15  to  16  hours,  add- 
ig  more  perchloric  acid  when  necessary  to  prevent  evaporating 
>  dryness.  Usually  about  5  or  10  ml.  of  additional  perchloric 
■id  are  necessary.  Cool,  add  50  ml.  of  distilled  water,  and  filter 
irough  a  qualitative  filter  paper  into  a  600-ml.  beaker.  Wash 
le  flask  and  filter  paper  well  with  distilled  water.  The  volume 
fc  this  stage  is  usually  250  to  300  ml.  Add  sodium  hydroxide 
>lution  to  the  filtrate  till  neutral  to  methyl  orange.  Add  1  ml. 
I  concentrated  hydrochloric  acid.  Heat  to  boiling  and  add  slowly 
3  ml.  of  10%  barium  chloride  solution  to  precipitate  the  sulfate, 
flow  to  stand  for  24  to  48  hours,  filter  through  a  weighed  Gooch 
•ucible,  and  ignite  at  800°  C. 


DISCUSSION 

Some  investigators  have  felt  that  the  low  results  obtained  by 
the  previous  nitric-perchloric  acid  digestion  procedure  (Method 
A)  are  caused  by  losses  of  volatile  sulfur  compounds  through  too 
rapid  reaction  or  mechanical  loss  before  they  are  oxidized  to  sul¬ 
fate.  A  comparison  of  Methods  A,  F,  and  H  (Table  I)  shows  that 
incomplete  oxidation  accounts  for  most  of  the  losses  of  sulfur. 
However,  particularly  in  the  fish  meal,  some  loss  was  due  to  too 
rapid  reaction.  None  of  the  methods  employed  to  decrease  the 
rapid  reaction  was  of  much  value  in  increasing  recovery  of  sulfur. 

The  total  sulfur  contents  of  a  number  of  different  types  of 
feedstuff's  were  determined  by  both  the  Parr  bomb  and  the  modi¬ 
fied  nitric-perchloric  acid  digestion  methods.'  A  comparison  of 
the  values  obtained  is  presented  in  Table  II.  The  agreement  be¬ 
tween  the  two  methods  was  very  good.  The  nitric-perchloric 
acid  digestion  method  gave  an  average  of  99.98%  as  much  sulfur 
as  the  Parr  bomb  method  for  the  16  samples  analyzed,  ranging 
between  97.2%  for  feathers  and  105.2%  for  powdered  whey. 
Materials  high  in  sulfur,  such  as  feathers,  cystine,  and  meth¬ 
ionine,  contained  97.5%  as  much  sulfur  by  the  nitric-perchloric 
acid  digestion  method  as  by  the  Parr  bomb  method.  There  was 
a  better  agreement  between  duplicates  by  the  nitric-perchloric 
acid  digestion  method  than  by  the  Parr  bomb  method. 

Method  A  of  Table  I,  which  was  the  precipitation  of  sulfate 
from  the  nitric-perchloric  acid  digest  of  Gerritz  (3),  gave  low  re¬ 
sults,  probably  because  of  incomplete  oxidation  of  sulfur  com¬ 
pounds  to  sulfate.  It  appears  that  while  the  sulfur  of  cystine  is 
fairly  easily  oxidized  by  this  method,  that  of  methionine  is  not 
(Table  III).  To  complete  the  oxidation  it  was  necessary  to  boil 
for  a  considerable  time  with  perchloric  acid  in  addition  to  the 
regular  digestion. 

The  sulfur  contents  of  cystine  and  methionine  were  deter¬ 
mined  by  the  Parr  bomb  method  (7),  Method  A  (Gerritz,  3), 
and  Method  G  (modified  nitric-perchloric  digestion),  using 
0.05-gram  samples  in  all  cases.  The  results  are  presented  in 
Table  III.  Although  the  Parr  bomb  method  did  not  give  a  sul¬ 
fur  content  as  high  as  the  theoretical  in  any  of  the  amino  acids, 
it  probably  represents  the  true  sulfur  content.  Cystine  A  and 
the  methionine  were  commercial  preparations  with  no  statement 
of  purity.  Cystine  B  was  prepared  from  hair  in  the  laboratory 
and  was  not  highly  purified.  The  modified  nitric-perchloric 
acid  method  gave  96.9  to  98.6%  as  much  sulfur  on  these  com¬ 
pounds  as  the  Parr  bomb  method.  The  previous  nitric-per¬ 
chloric  acid  method  of  digestion  gave  a  good  recovery  from  cys¬ 
tine  but  very  little  from  methionine.  This  agrees  with  the  find¬ 
ings  of  Callan  and  Toennies  (/)  for  the  alkaline  permanganate 
method. 

The  total  time  required  for  making  a  determination  by  the 
nitric-perchloric  acid  digestion  method  on  a  set  of  six  samples  in 
duplicate  was  6  days  from  the  time  the  samples  were  weighed  out 
till  the  results  were  obtained.  This  contrasts  with  4  days  by  the 
Parr  bomb  method.  However,  the  nitric-perchloric  acid  diges¬ 
tion  method  required  about  5  hours  less  of  the  analyst's  actual 
working  time  than  the  Parr  bomb  method. 
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Determination  of  Vitamin  A  in  Dehydrated  Eggs 

W.  G.  SCHRENK,  DOUGLAS  S.  CHAPIN,  and  RALPH  M.  CONRAD 
Kansas  Agricultural  Experiment  Station,  Dehydration  Laboratory,  Manhattan,  Kansas 


A  spectrochemical  method  for  the  determination  of  vitamin  A  in 
dehydrated  eggs  is  described.  The  procedure  involves  careful 
control  of  analytical  conditions,  followed  by  the  use  of  a  correction 
factor  required  because  of  the  absorption  of  ultraviolet  radiation 
by  the  carotenoid  pigments  present.  The  correction  must  include 
the  effects  of  isomerization  of  the  pigments  caused  by  the  analytical 
process,  and  has  been  determined  on  the  basis  of  the  two  principal 
pigments  present,  luteol  and  zeaxanthol.  The  absorption  spectra 
of  these  two  pigments,  in  absolute  ether,  and  the  specific  absorption 
coefficients  at  their  wave  lengths  of  maximum  and  minimum  ab¬ 
sorption  are  presented. 


THE  increased  emphasis  on  the  nutritional  value  of  foods 
and  food  products  has  increased,  among  other  things,  the 
need  for  adequate  methods  of  analysis  for  vitamin  A.  Biological 
methods  are  both  time-consuming  and  expensive.  Chemical 
methods  seem  to  be  limited  at  present  to  two  procedures:  the 
well-known  Carr-Price  (2)  antimony  trichloride  reaction,  or 
analysis  based  on  the  absorption  of  ultraviolet  radiation  by  the 
vitamin  A.  In  the  case  of  dehydrated  eggs,  a  product  that  is 
being  studied  in  this  laboratory,  the  pigments  present  influence 
the  results,  and  adequate  correction  factors  are  required.  This 
paper  presents  a  method  of  analysis  based  on  the  ultraviolet 
absorption  of  vitamin  A,  with  a  suitable  correction  for  the  pres¬ 
ence  of  the  two  principal  carotenol  pigments.  Duplicate  samples 
agree  within  10%,  and  a  few  samples  on  which  bioassays  were 
available  give  reasonable  checks.  Extraction  procedures  are 
similar  to  those  used  for  the  extraction  of  vitamin  A  from  other 
products. 

PROCEDURE 

Extraction  of  Vitamin  A.  A  10-gram  sample  of  dehydrated 
egg  is  placed  in  a  Waring  Blendor  and  extracted  for  10  minutes 
with  lOO  ml.  of  peroxide-free  ether.  The  sample  is  filtered  on  a 
Buchner  funnel  and  washed  with  several  small  portions  of  ether. 
The  egg  powder  is  then  replaced  in  the  Blendor  and  re-extracted 
with  60  ml.  more  of  ether  for  2  minutes.  A  third  extraction  for 
another  2  minutes  is  usually  required.  This  extraction  proce¬ 
dure  removes  all  the  vitamin  A  and  practically  all  the  yellow 
pigments. 

Preparation  of  Extract  for  Analysis.  The  combined 
ether  extracts  are  placed  in  a  500-ml.  round-bottomed  flask,  to 
which  a  few  glass  beads  have  been  added  to  prevent  bumping, 
and  evaporated  on  a  steam  cone,  under  the  reduced  pressure  pro¬ 
duced  by  a  water  pump,  to  a  final  volume  of  15  ml.  (It  is  im¬ 
portant  that  this  evaporation  be  carried  to  the  same  volume  each 
time.)  Twenty  milliliters  of  95%  methanol  and  5  ml.  of  a  satu¬ 
rated  aqueous  solution  of  potassium  hydroxide  are  added  to  the 
residue  in  the  flask,  and  the  mixture  is  heated  under  reflux  for  10 
minutes.  The  sample  is  cooled  immediately;  40  ml.  of  water 
are  added  and  the  contents  are  then  transferred  to  a  500-ml. 
separatory  funnel.  The  flask  is  rinsed  with  an  additional  40  ml. 
of  water,  followed  by  rinsings  with  two  25-ml.  portions  of  ether, 
which  are  also  added  to  the  contents  of  the  funnel,  The  meth¬ 
anol-water  solution  of  vitamin  A  is  then  extracted  with  25-ml. 
portions  of  ether  until  the  ether  layer  is  colorless.  It  has  been 
shown  that  the  absence  of  yellow  color  in  the  ether  phase  is  an 
indication  of  complete  extraction  of  vitamin  A. 

The  ether  extract  is  washed  with  water  until  the  wash  is  neu¬ 
tral  to  litmus,  and  then  dried  over  anhydrous  sodium  sulfate. 
The  extract  is  filtered  through  sodium  sulfate  into  a  volumetric 
flask.  A  crystal-clear,  yellow  filtrate  should  result. 

Spectrophotometric  Estimation  of  Vitamin  A.  The 
sample  is  made  up  to  volume  (250  ml.),  and  its  optical  density  is 
determined  on  a  Beckman  (3)  spectrophotometer  at  326  m^  for 
vitamin  A  and  at  450  m ^  for  total  yellow  color.  Fifteen  per  cent 
of  the  density  at  450  m^  is  subtracted  from  the  density  at  326  m/i 
as  a  correction  for  absorption  at  326  m^  due  to  the  yellow  pig¬ 


ments  present.  The  vitamin  A  present  may  be  calculated  1 
means  of  the  following  equation: 

Micrograms  of  vitamin  A  per  gram  = 

D326  —  15%  D450  volume  in  m 
0.176  weight  in  grai 

DISCUSSION 

The  extraction  of  the  ether-soluble  fraction  from  dehydrat 
eggs  was  somewhat  more  difficult  than  from  many  other  foi 
products.  Several  methods  of  extraction  were  tried  before  t 
method  described  was  finally  chosen.  The  Waring  Blend 
treatment  apparently  removed  all  the  vitamin  A.  Further  e 
traction  produced  no  increase  in  the  quantity  of  vitamin  A  1 
moved. 

Evaporation  of  the  ether  extract  must  be  carefully  control! 
and  brought  to  the  same  final  volume  in  each  case,  since  care 
enoid-type  pigments  isomerize  under  the  influence  of  heat  ( 
IS).  The  isomerization  of  the  pigments  produces  changes 
their  spectral  absorption  curves,  which  affect  the  absorption  in  tl 
ultraviolet  region  where  correction  for  their  presence  is  necessar 
The  time  of  saponification  is  held  constant  for  the  same  reason. 

Studies  on  the  pigments  of  eggs  (6,  7,  8)  show  that,  althou^ 
pigmentation  may  be  controlled  by  feeding,  the  pigments  in  egi 
produced  by  hens  on  a  normal  diet  contain  over  90%  luteol  ar 
zeaxanthol.  The  remaining  pigments  are  primarily  cryptoxai 
thol  and  carotene. 

Several  different  samples  of  dehydrated  eggs  were  extract! 
with  ether  and  the  pigments  adsorbed  on  a  column  of  1  par 
magnesia  (Micron  brand  No.  2641)  and  2  parts  Hyflo  Super-Cc 
The  column  was  developed  with  a  mixture  of  12%  acetone  : 
Skellysolve  B.  Five  bands  were  produced,  four  of  which  we: 
identified  as  the  pigments  named  above;  the  fifth,  which  wj 
held  tightly  at  the  top  of  the  column,  was  undoubtedly  a  mixtu: 
of  very  small  amounts  of  oxidized  material.  The  four  identify 
pigments  were  quantitatively  determined  by  removing  tl 
column,  cutting  out  the  various  bands,  and  eluting  the  pigmei 
with  acetone.  Skellysolve  B  was  then  added  and  the  acetoi 
removed  by  washing  with  water.  The  extract  was  dried  ovi 
anhydrous  sodium  sulfate  and  made  up  to  a  convenient  volum 
The  amounts  of  pigments  present  were  then  determined,  using  tl 
specific  absorption  coefficients  and  wave  lengths  of  maximum  al 
sorption  as  given  by  Zscheile  et  al.  (18).  Slight  errors  may  be  e: 
pected  in  the  cases  of  luteol  and  zeaxanthol,  since  the  data  < 
Zscheile  were  obtained  in  an  ethanol  solution.  No  coefficien 
were  available  for  these  two  pigments  in  petroleum  ether  or  he: 
ane.  A  comparison  of  the  total  pigment  present  as  compare 
to  the  sum  of  the  fractions  eluted  from  the  column  indicate 
some  loss  (10  to  15%),  which  is  assumed  to  be  distributed  pr< 
portionally  through  the  components. 

In  all  cases  the  sum  of  the  concentrations  of  luteol  and  zeaxai 
thol  accounted  for  more  than  90%  of  the  total  pigments,  lute< 
being  present  in  the  larger  amounts.  The  amount  of  luteol  i 
different  samples  varied  from  63  to  76%  of  the  total  pigmen 
while  the  zeaxanthol  varied  from  32  to  20%.  The  cryptoxai 
thol  amounted  to  3  to  5%  and  the  carotene  to  2  to  4%  of  the  tota 
The  remainder  was  in  the  band  at  the  top  of  the  column. 

Since  the  luteol  and  zeaxanthol  accounted  for  approximate! 
90%  of  the  total  pigment,  corrections  for  their  presence  were  ol 
tained.  The  other  pigments  were  not  included  in  the  establisl 
ment  of  the  correction  factor  because  of  the  small  amounts  pres 
ent.  It  has  been  shown,  however,  that  /S-carotene  affects  analyt: 
cal  data  in  the  same  general  way  (10).  In  order  to  obtain  correc 
tions,  luteol  was  crystallized  from  alfalfa  meal  and  zeaxanthc 
from  dehydrated  eggs,  the  crystallizations  and  separations  bein 
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igure  1.  Absorption  Spectra  of  Luteol  and  Zeaxanthol  in  Absolute 

Ether 


Table  II,  show  that  the  true  correction  is  about  15%  of  the  ab¬ 
sorption  at  450  mp.  This  correction  is  valid  only  if  the  heating 
times  and  procedures  used  are  those  given  here.  The  15%  cor¬ 
rection  obtained  for  these  pigments  is  very  similar  to  a  correction 
applied  to  butterfat  by  Baumann  et  al.  ( 1 )  several  years  ago. 
Longer  periods  of  heating  cause  additional  isomerization  and 
consequently  would  affect  the  reading. 

The  absorption  coefficient  of  0.176  in  the  equation  used  for  the 
calculation  of  the  vitamin  A  concentration  has  been  determined 
on  a  sample  of  crystalline  vitamin  A  generously  furnished  by  Dis¬ 
tillation  Products,  Inc.  This  figure  is  close  to  the  average  ob¬ 
tained  by  Zscheile  and  Henry  (15),  although  Zscheile  et  al.  (17) 
later  report  another  sample  as  having  a  value  of  0.1825,  with  an 
absorption  peak  at  324  mp.  The  absorption  maximum  obtained 
with  this  sample  of  vitamin  A  occurred  at  326  rnp  when  the  vita¬ 
min  A  was  dissolved  in  ether. 

The  recovery  of  vitamin  A  was  fair.  Recoveries  of  added 
vitamin  A  averaged  slightly  over  90%.  An  ether  solution  of 
vitamin  A  alcohol  carried  through  the  procedure  alone  gave 
slightly  higher  recovery  percentages. 


able  1. 

Absorption  Values  of  Luteol  and 

Zeaxanthol  in 

Ether 

Luteol 

Zeaxanthol 

X  (mp) 

a 

X  (mp) 

a 

Maxima 

473.5 

230 

476.0 

217 

444.5 

254 

450.0 

246 

422.0 

173 

.  Minima 

460.0 

181 

468.0 

199 

425.0  172 


able  II.  Effect  of  Analytical  Procedure  on  Ultraviolet  Absorption 
of  Luteol  and  Zeaxanthol 


Pigment 

Treatment 

D45#  m/x 

Dm  mp 

Dm 

Dik 

m/x 

,uteol 

None 

0.675 

0.042 

6.2 

Through  analytical 

0.778 

0.122 

15.7 

procedure 

1.500 

0.191 

12.7 

0.948 

0.150 

15.8 

Zeaxanthol 

None 

0.715 

0.045 

6.3 

Through  analytical 

0.165 

0.028 

16.9 

procedure 

0.118 

0.020 

16.9 

/i  lutepl  plus  >/» 

Through  analytical 

0.770 

0.116 

15.1 

zeaxanthol 

procedure 

0.635 

0.095 

15.0 

carried  out  as  described  by  Zscheile  et  al.  (18).  After  recrystal- 
.ization  their  absorption  spectra  were  determined,  in  ether,  from 
510  to  240  mp.  These  absorption  curves  are  similar  to  those  of 
White,  Brunson,  and  Zscheile  (11)  over  the  range  used,  although 
they  should  not  be  compared  too  closely  because  different  sol¬ 
vents  were  used.  The  wave  lengths  of  the  maxima  and  minima 


The  usual  precautions  regarding  light  were  taken,  although 
amber  glassware,  as  recommended  by  Embree  (5)  was  not  avail¬ 
able.  All  steps  in  the  procedure  were  carried  out  in  a  darkened 
room.  Sunlight  was  excluded  entirely  and  diffuse  light  used  for 
illumination.  Whenever  possible,  the  samples  were  placed  in  a 
cupboard,  in  the  dark.  Spectrophotometric  readings  were  taken 
the  day  of  extraction,  or  kept  in  refrigeration  until  read.  The 
usual  checks  on  solvents  also  were  made.  Ether  was  free  of  per¬ 
oxides  and  the  alcohol  free  of  aldehydes.  Glassware  was  thor¬ 
oughly  cleaned  between  analyses.  Special  care  is  needed  to  re¬ 
move  all  fatty  materials  which  might  become  rancid  and  destroy 
vitamin  A. 

A  bioassay  comparison  with  the  proposed  spectrophotometric 
procedure  on  the  three  samples  which  were  available  showed  fair 
agreement  (see  Table  III).  Similar  agreement  was  obtained  by 
Zscheile  et  al.  (16)  on  samples  of  butterfat  analyzed  by  spectro¬ 
photometric  methods,  using  a  somewhat  similar  arbitrary  correc¬ 
tion  factor.  The  comparison  with  the  bioassay  is  made  assum¬ 
ing  that  the  vitamin  A  has  a  potency  of  4,300,000  U.S.P.  units 
of  vitamin  A  per  gram.  No  determination  of  the  additional 
vitamin  A  effects  of  other  substances  present  is  included. 

Table  IV  presents  typical  data  obtained  on  several  samples 
analyzed  by  the  proposed  method.  Although  the  correction  re¬ 
quired  because  of  the  presence  of  the  yellow  pigments  is  large,  the 


Table  III.  Comparison  of  Bioassay  and  Spectrophotometric  Analysis 


together  with  the  corresponding  specific  absorption  coefficients, 
in  diethyl  ether,  are  presented  in  Table  I. 

It  will  be  seen  in  Figure  1  that  the  curves  intersect  near  450 
mp  and  are  close  together  at  326  mp,  the  wave  length  at  which  the 
vitamin  A  maximum  occurs.  The  absorption  at  326  mp  is  about 
6.2%  of  the  absorption  at  450  mp.  This  is  about  the  same  as  the 
ratio  reported  by  Deuel  et  al.  (4),  which  they  obtained  on  a  sam¬ 
ple  of  luteol  furnished  by  Zechmeister  and  used  to  establish  a  cor¬ 
rection  for  egg  pigments.  They  used  a  mixed  solvent  of  low- 
boiling  petroleum  ether  and  isopropanol,  while  the  authors’  data 
were  obtained  with  ether  as  the  solvent.  • 

However,  6.2%  should  not  be  used  as  the  correction  for  these 
pigments,  since  isomerization  raises  the  absorption  peak  in 
the  ultraviolet.  Zechmeister  (12, 14)  has  recently  presented  data 
on  luteol  and  zeaxanthol  showing  this  to  be  true  of  these  two  pig¬ 
ments  as  well  as  others.  To  determine  the  extent  of  this  effect, 
a  sample  of  pure  luteol  was  carried  through  the  analytical  proce¬ 
dure  and  the  ratio  of  the  absorption  readings  at  450  and  326  mp 
determined.  The  same  procedure  was  followed  with  zeaxanthol 
and  a  mixture  of  the  two  pigments  in  the  approximate  propor¬ 
tions  in  which  they  occur  in  eggs.  The  results,  tabulated  in 


Spectrophotometric 

Sample  Bioassay  Analysis 

I.U./g.  I.U./g. 

1  36.3  35.1 

33.1 


2 

31.6 

35.4 

35.5 

3 

58.5 

49.5 

46.8 

I.U./g.  =  4.3  X  y/g. 

Table  IV. 

Typical  Spectrophotometric  Data  Obtained  by  Described 
Procedure 

Correction 

for  Micrograms 

Carotenols  Corrected  of  Vitamin 

Sample 

D460  m/x 

Da26  m/x 

(15%  D450  mp) 

D321  mp 

A  per  Gram 

1 

0.640 

0.183 

0.096 

0.087 

12.3 

0.614 

0.184 

0.093 

0.091 

12.9 

2 

0.560 

0.157 

0.084 

0.073 

10.4 

0.553 

0.158 

0.082 

0.076 

10.8 

3 

0.421 

0.121 

0.063 

0.058 

8.2 

0.405 

0.116 

0.061 

0.055 

7.8 

4 

0.155 

0.081 

0.023 

0.058 

8.2 

0.160 

0.092 

0.024 

0.068 

9.6 

5 

0.143 

0.097 

0.021 

0.076 

10.8 

0.145 

0.089 

0.021 

0.068 

9.6 
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method  gives  reasonable,  reproducible  results.  In  a  series  of  120 
samples  under  various  treatments  and  storage  conditions,  values 
ranging  from  13.6  to  6.3  micrograms  per  gram  were  obtained, 
well  within  the  range  of  values  obtained  by  other  methods  of 
analysis. 
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Determination  of  Carbon 

Simplification  of  Low-Pressure  Combustion  Apparatus 

WILLIAM  M.  MURRAY,  JR.,  AND  LEONARD  W.  NIEDRACH,  General  Electric  Co.,  Pittsfield,  Mass. 


The  interference  of  water  vapor  in  the  apparatus  for  the  low-pressure 
combustion  method  of  determining  carbon  in  iron  and  steel  has 
been  investigated  and  changes  in  operating  technique  have  mini¬ 
mized  this  interference.  The  equipment  has  been  simplified  fur¬ 
ther,  resulting  in  a  greater  speed  of  manipulation.  In  over  600  de¬ 
terminations  made  with  the  new  equipment  the  results  have  shown 
good  agreement  with  those  obtained  on  earlier  forms  of  apparatus. 


HE  composition  of  the  blank  gases  obtained  in  the  low- 
pressure  combustion  equipment  described  by  Murray  and 
Ashley  (2)  has  been  determined  by  means  of  vapor  pressure  curves. 
A  considerable  fraction  of  this  gas  was  found  to  be  water  vapor 
which  moved  from  the  dry  ice  trap  to  the  liquid  nitrogen  trap 
during  the  pumping  period. 

The  authors  have  replaced  the  complex  mercury  cut-off  system 
in  the  previous  apparatus  (2)  with  a  single  stopcock.  Two  car¬ 
bon  dioxide  measuring  systems  are  used  with  one  combustion 
vessel.  These  changes  have  decreased  the  time  required  for  a 
determination,  so  that  10  to  15  samples  can  be  run  in  an  8-hour 
shift  on  one  unit  of  this  type. 

ANALYSIS  OF  BLANK  GASES 

A  carbon  analysis  unit  as  described  by  Murray  and  Ashley  (2) 
was  equipped  with  a  single  trap  at  T$.  Vapor  pressure  curve 
analysis  of  gases  frozen  out  in  this  trap  was  made  by  a  procedure 
similar  to  that  described  by  Sebastian  and  Howard  ( 3 ). 

The  vaporization  curve  of  mixtures  of  carbon  dioxide,  sulfur 
dioxide,  and  water  was  measured  in  the  equipment  in  order  to 
prove  that  these  gases  could  be  identified.  This  mixture  was 
introduced  into  the  system  by  warming  sodium  bicarbonate  and 
sodium  bisulfite  which  were  placed  in  a  branch  of  a  loading  arm 
prior  to  evacuation  of  the  system.  Curves  obtained  for  two  dif¬ 
ferent  mixtures  of  these  gases  are  shown  in  Figure  1. 

A  new  platinum  crucible  with  beryllia  lining  crucible  was  used 
for  the  investigation  of  the  origin  and  composition  of  the  blank. 
A  vapor  pressure  curve  analysis  was  carried  out  on  each  blank 
on  this  crucible  assembly.  These  blanks,  run  according  to  the 
operating  procedure  of  Murray  and  Ashley  (2),  were  found  to 
contain  carbon  dioxide  and  water  vapor,  as  shown  in  Table  I.  No 
evidence  of  the  presence  of  other  gases  was  found.  From  these 
and  similar  data  it  appears  that  water  vapor  is  responsible  for 
from  V 3  to  V*  of  the  blank  when  it  is  in  the  low  range  used  for  an 
actual  carbon  analysis  (blank  <0.001%  carbon  on  a  0.5-gram 
sample) . 


During  collection  of  these  blank  gases,  the  combustion  vessei 
and  dry  ice  trap,  T 4,  were  connected  during  the  entire  pumping 
period  until  the  pressure  had  been  reduced  to  10“B  mm.  of  mer- 
Jury-  Gurry  and  Trigg  (1)  avoid  the  transfer  of  water  vapoi 
from  the  dry  ice  trap  to  the  liquid  nitrogen  trap  by  closing  off  the 
former  when  the  pressure  has  been  reduced  to  0.1  mm.  of  mer¬ 
cury  and  then  exhausting  the  actual  measuring  system  to  10-i 
mm. 


Figure  1 


tober,  1944 
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Table  I. 


Composition  of  Blank  Gases 


NTo.  of  Blank 

Pressure 

Calcd.  as  Wt.  %  Carbon 
on  0.5  Gram  Sample 

Run 

co2 

H2Oa 

co2 

H2Oa 

Mm. 

Mm. 

% 

% 

1 

0.598 

0.097 

0.021 

0.003 

2 

0.  110 

0.047 

0.0039 

0.0016 

3 

0.0735 

0.025 

0.0026 

0.00088 

4 

0.0100 

0.0048 

0.00035 

0.00017 

Not  accurate  because  of  behavior  of  H2O  vapor  in  gage.  Pressure  read 
liame  mark  of  gage  as  CO2  pressure. 


.  n  the  present  investigation  of  the  Murray  and  Ashley  (2)  ap- 
atus,  tube  J  was  changed  and  sealed  into  the  multiple  cut- 
at  L2.  This  allowed  the  system  of  Gurry  and  Trigg  (1)  to  be 
owed  by  pumping  after  combustion,  with  the  mercury  below 
until  the  pressure  was  0.1  mm.  of  mercury  and  then  raising  the 
rcury  above  Z/2  and  exhausting  the  measuring  system  to  10~5 
l.  of  mercury. 

n  Figure  2  the  effect  of  the  water  vapor  transfer  from  trap 
to  trap  Ti  is  illustrated  by  vapor  pressure  curves. 

lurve  A  was  obtained  from  a  blank  in  which  the  combustion 
isel  and  Tt  were  pumped  to  10-6  mm.  of  mercury  (20  minutes) 
ng  with  the  measuring  system.  This  curve  shows  that 
ter  vapor  does  transfer  from  Tt  to  Tt  under  these  conditions 
Dumping. 

durve  B  represents  another  blank  in  which  pumping  of  Tt  was 
pped  when  the  pressure  reached  0.1  mm.  of  mercury  and  only 
measuring  system  was  evacuated  to  10~6  mm.  This  curve 
>ws  that  this  method  of  operation  eliminates  the  transfer  of 
r  appreciable  quantity  of  water  vapor  into  Tb  from  Tt. 

The  series  of  C  curves  was  obtained,  after  exhausting  the  gas 
B,  by  pumping  the  entire  system  for  30  minutes  with  Tt  and 
cooled  to  their  indicated  temperatures.  Thus  these  curves 
resent  the  transfer  of  water  vapor  from  Tt  to  T3  during  a  30- 
mte  pumping  period.  C i  was  read  on  the  high-compression 
rk  of  the  McLeod  gage,  C* *  on  the  low-compression  mark,  and 
Ci  on  intermediate  marks. 

DESIGN  OF  NEW  APPARATUS 

Since  the  apparatus  described  by  Murray  and  Ashley  (2i)  con¬ 
ned  two  stopcocks  per  unit,  it  seemed  worth  while  to  attempt 

•  introduction  of  one  more  stopcock  and  thus  eliminate  the 
nplex  mercury  cut-off  system  entirely.  Shepherd  ( 4 )  pointed 
that  no  difficulty  had  been  encountered  from  stopcocks  in  the 
•vious  apparatus  ( 2 )  and  trap  T4  should  remove  any  con- 
Ininating  material  (derived  from  the  grease)  from  the  oxygen 
ering  the  combustion  vessel. 

The  new  apparatus  is  shown  diagrammatically  in  Figure  3. 
e  oxygen  purification  system  is  similar  to  that  used  previously 
.  Only  the  A  measuring  system  is  shown  in  the  diagram,  but 
i  B  system  is  identical  in  construction.  Stopcocks  S3a  and 
i  replace  the  mercury  cut-offs  in  two  units  of  the  earlier  ap- 
•atus.  Bulb  Xa  is  of  such  a  volume  that  the  total  calibrated 
iume  ( S3a  —  <Sia)  is  about  500  ml.  thus  making  it  possible  to 
idle  samples  containing  0.001  to  0.10%  carbon  in  this  single 
ermediate  volume  rather  than  the  two  volumes  used  pre- 
usly.  The  two  measuring  systems,  A  and  B,  and  one  com- 
stion  vessel  constitute  a  unit.  In  the  authors’  laboratory 
o  units  of  this  type  are  built  on  one  2X6  foot  table  with  the 
7gen  purification  system  serving  both  units,  as  indicated  by 
s  dotted  tube  above  <S2. 

All  stopcocks  are  hollow-plug  precision-ground  obtained  from 
k  and  Krebs,  New  York,  N.  Y.  <Si,  N2,  S3}  and  S4  are  10-  to  12- 
a.  bore.  This  large  size  is  used  because  there  is  less  danger  of 
liking  and  because  the  large  bore  does  not  plug  easily  with 
ase  and  stop  the  pumping  of  gases  at  low  pressures.  S 3  and 
are  of  smaller  bore  (4  to  6  mm.).  All  stopcocks  are  greased’ 
;h  Apiezon  L. 

Calibration  of  the  known  volume  is  made  in  the  manner  de- 
ibed  by  Murray  and  Ashley  (2). 

OPERATION  OF  EQUIPMENT 

Reference  is  made  to  measuring  system  B,  although  it  is  not 
jwn  in  Figure  3.) 

vVith  Si,  S3 a,  and  Sib  closed,  evacuate  the  entire  system  to 
I"6  mm.  of  mercury  pressure.  Cool  T\,  T2,  T3a,  and  T6b  with 
luid  nitrogen  and  T3  with  dry  ice-acetone  mixture.  Close 


-ZOO  -150  -100  -  50  0 


TEMPERATURE  IN  DEGREES  C 

Figure  2 

S3B  and  S4/i,  then  admit  oxygen  slowdy  through  <Si  until  the 
pressure  in  the  combustion  vessel  and  measuring  system  A  is 
15  to  20  cm.,  as  indicated  by  depression  of  the  mercury  column 
below  gage  M a.  Close  <S2  and  cool  T 4.4  with  liquid  nitrogen. 
Burn  the  sample  in  the  manner  described  previously  (2),  then 
open  S\A  very  slightly  and  pump  the  gas  slowly  from  the  com¬ 
bustion  vessel  through  T4a-  The  rate  of  removal  of  gas  will  be 
indicated  by  the  rate  of  mercury  rising  from  the  reservoir  below 
M  a,  and  must  be  slow,  so  that  all  the  carbon  dioxide  is  frozen  out  in 
TiA-  When  the  mercury  ceases  to  rise  below  M a,  open  S4a  com¬ 
pletely  and  pump  until  the  pressure  is  0.1  mm.  (The  time  re¬ 
quired  for  this  initial  pumping  down  to  0.1-mm.  pressure  is 
usually  about  5  minutes.)  Close  S3a  and  evacuate  measuring 
system  A  to  10~5  mm.  of  mercury  pressure  (time  about  5  min¬ 
utes).  Close  S4a  and  expand  the  carbon  dioxide  into  the  known 
volume  S3a  —  S4a-  Measure  the  pressure  of  this  gas  at  room 
temperature,  then  open  S4a  and  exhaust  measuring  system  A. 

As  soon  as  S3a  is  closed  after  burning  the  first  sample,  open 
S3b  and  close  S4b.  Admit  oxygen  to  the  combustion  vessel  and 
measuring  system  B  and  burn  another  sample  while  system  A  is 
being  pumped  and  the  gas  measured.  By  the  time  system  A 


Table  II. 

No.  of 

8-Hour  Record  of  Analyses  Showing  Blanks 

(New  crucible  used,  all  blanks  recorded) 

Measuring 

Burning 

System  Used 

Sample 

%  Carbon 

1 

A 

Blank 

0.0246 

2 

B 

Blank 

0.0006 

3 

A 

Blank 

0 . 0004 

4 

B 

Blank 

0 . 0003 

5 

A 

Fe-Ni-Co  alloya 

0.0205 

6 

B 

Fe-Ni-Co  alloy 

0.0093 

7 

A 

Fe-Ni-Co  alloy 

0.0079 

8 

B 

Fe-Ni-Co  alloy 

0.0274 

9 

A 

Blank 

0.0003 

10 

B 

Si  steel& 

0.0044 

11 

A 

Blank 

0.0003 

12 

B 

Si  steel 

0.0041 

13 

A 

Si  steel 

0.0042 

14 

B 

Si  steel 

0.0056 

15 

A 

Blank 

0.0004 

16 

B 

Blank 

0.0005 

“  Four  samples  of  Fe-Ni-Co  were  different. 
b  Four  samples  of  Si  steel  were  same  material. 
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data  given  in  Table  II  are  representative  of  non 
operation  of  a  unit,  although  more  blanks  i 
fewer  samples  were  run  in  this  case  than  us 
in  order  to  illustrate  the  maintenance  of  a  ’ 
blank.  These  data  were  accumulated  in  a  re 
lar  8-hour  shift. 


is  ready  for  the  third  sample,  system  B  will  be  pumping  with 
S%b  closed,  so  that  the  combustion  vessel  will  be  ready  for  A. 

Using  this  scheme  of  operation,  about  0.1%  of  the  gas  from  the 
first  sample  remains  in  the  combustion  vessel  when  oxygen  is 
added  for  burning  the  second  sample.  If  the  first  sample  con¬ 
tained  0.1%  carbon,  the  carbon  dioxide  remaining  in  the  com¬ 
bustion  vessel  would  correspond  to  0.0001%  carbon,  which  is 
negligible  as  a  loss  from  the  first  sample  or  as  an  addition  to  the 
second  sample.  Even  after  running  10  samples  in  this  manner 
the  accumulation  of  carbon  dioxide  in  the  combustion  vessel 
would  be  equivalent  to  only  0.0001001%  carbon.  Since  the 
samples  usually  contain  less  than  0.02%  carbon,  this  error  is 
entirely  negligible. 

Interference  by  water  transferring  from  Tz  to  T,a  or  7%  has 
not  been  encountered  since  this  method  of  pumping  has  been 
employed. 

ROUTINE  OF  OPERATION 

One  unit  with  two  measuring  systems  can  be  handled  by  one 
operator  very  easily.  It  is  possible  to  determine  carbon  on  10  to 
15  samples  in  5  to  6  hours  in  this  manner. 


RESULTS  WITH  REFERENCE  SAMPLES 

The  data  given  in  Table  III  represent  all 
results  obtained  on  two  reference  samples  dui 
the  first  six  weeks  of  operation  of  the  new 
paratus.  One  of  the  reference  samples  is  Bur 
of  Standards  Sample  55a,  a  very  pure  open-hea 
iron,  and  the  other  is  a  3%  silicon  steel  sam 
which  has  been  used  by  the  authors  for  referei 
The  average  value  of  0.0108%  carbon  foi 
on  B.  of  S.  55a  is  to  be  compared  with  the  va 
0.0121%  carbon  previously  reported  from  1 
laboratory  (2)  and  the  values  0.0108%  carbon 
ported  by  Wooten  and  Guldner  (5)  and  0.0 
reported  by  the  U.  S.  Steel  Corporation  (J. 
Austin)  ( 2 ).  It  is  evident  that  this  lower  va 
obtained  by  the  new  method  is  in  better  agi 
ment  with  the  values  obtained  by  other  users 
the  low-pressure  combustion  method  than  t 
obtained  at  Pittsfield  on  the  previous  appara 
of  Murray  and  Ashley  (2). 

The  one  very  high  value  (0.0086%  carh 
found  on  the  silicon  steel  sample  probably 
suited  from  contamination  and  was  rejected 
calculating  the  average  and  the  average  deviati 
These  data  of  Table  III  indicate  that  the  new  simplified 
paratus  yields  satisfactory  results.  The  values  reported  hi 
not  been  corrected  for  the  blank  because  it  is  difficult  to  establ 
a  fixed  blank  to  be  used  for  such  a  correction.  A  blank  less  tl 
0.001%  carbon  and  a  precision  of  ±0.001%  carbon  has  bi 
considered  satisfactory  for  the  routine  analysis  of  this  laboratc 
and  the  new  apparatus  meets  these  requirements  very  sa 
factorily. 


Table  III.  Carbon  in  Reference  Samples 

(Not  corrected  for  blank) 


The  routine  established  has  been  that  of  preparing  a  loading 
arm  containing  10  to  15  samples  and  sealing  this  onto  the  com¬ 
bustion  vessel  late  in  the  afternoon.  The  apparatus  is  pumped 
out  and  trap  T3  flamed  with  a  torch  for  a  few  minutes  while 
pumping.  The  next  morning  blanks  are  run  (2  or  3  as  required) 
and  then  all  the  samples  analyzed.  By  mid-afternoon  the  load¬ 
ing  arm  is  empty  and  the  apparatus  is  shut  down  and  air  ad¬ 
mitted.  Another  loading  arm  filled  with  samples  is  sealed  on, 
the  crucible  changed  if  necessary,  and  the  apparatus  exhausted 
and  T3  flamed.  By  following  this  routine  it  has  been  possible  to 
turn  out  10  to  15  analyses  every  day  without  difficulty. 


B.  of  S. 

Silicon 

B.  of  S. 

Silicon 

Sample  55a 

Steel 

Sample  55a 

Steel 

% 

% 

% 

% 

0.0106 

0.0035 

0.0108 

0.0032 

0.0106 

0.0037 

0.0103 

0.0045 

0.0116 

0.0038 

0.0113 

0.0044 

0.0104 

0.0034 

0.0113 

0.0042 

0.0104 

0.0034 

0.0107 

0.0044 

0.0110 

0.0042 

0.0121 

0.0041 

0.0111 

0.0045 

0.0109 

0.0056 

0.0107 

0.0032 

0.0106 

0.0043 

0.0105 

0.0049 

0.0103 

0.0043 

0.0103 

0 . 0039 

0.0098 

0.0036 

0.0103 

0.0051 

0.0100 

0.0044 

0.0111 

0.0032 

0.0103 

0.0028 

0.0109 

0.0039 

0.0052 

0.0114 

0.0033 

0.0038 

0.0104 

0.0031 

0.0036 

0.0119 

0.0086° 

0.0036 

0.0104 

0.0037 

0.0029 

0.0107 

0.0032 

Av.  0.0108 

Av.  0.0039 

Av.  deviation  0.00043  Av.  deviation  0 . 0005; 
a  T  alue  rejected,  not  used  in  calculating  average  or  average  deviation 


Flaming  of  trap  T3  after  each  time  that  air  is  admitted  to  the 
apparatus  (or  once  daily)  is  important  to  prevent  water  vapor 
and  sulfur  compounds  from  accumulating  in  this  trap. 

BLANK 

The  blank  on  this  new  equipment  is  easily  reduced  to  a  value 
equivalent  to  0.0005%  carbon  or  less  on  a  0.5-gram  sample.  The 
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Qualitative  Study  of  the  Color  Reaction 
of  Phosphomolybdic  Acid 

CHIEN-PEN  LO1  and  LUCY  JU-YUNG  CHU 
National  Research  Institute  of  Chemistry,  Academia  Sinica,  Kunming,  China 


IIS  short  paper  reports  the  color  reaction  of  phosphomolyb- 
lic  acid  with  six  sugars,  twelve  metals,  and  thirteen  other 
icing  agents. 

eagent.  Phosphomolybdic  acid  solution  (test  solution),  1 
n  of  P2O5.24  MoOj.xHoO  (Schering-Kahlbaum),  dissolved  in 
ml.  of  water. 


gar 

Test 
Solution 
(3  Ml.) 

date  with  Sugars 

Test  Solution 
(3  Ml.)  -f  31V 
H2SO4  (1  Ml.)® 

Ammonium 
Molybdate 
(3  Ml.)* 

1% 

Ammonium 
Molybdate 
(3  Ml.)  4- 
3  N  H2SO4 
(1  Ml.)* 

ose 

Light  green 

Light  green 

None 

Blue 

ctose 

Light  green 

Green 

None 

Blue 

tose 

Bluish  green 

Deep  bluish  green 

None 

Deep  blue 

ose 

Green 

Green 

Blue 

Bluish  green 

ose 

None 

Light  green 

None 

Blue 

osec 

Green 

Deep  bluish  green 

None 

Deep  blue 

Reagent  retained  yellow  color  after  boiling  3  minutes. 

Reagent  remained  colorless  after  boiling  3  minutes. 

Sucrose  solution  gave  no  precipitate  of  cuprous  oxide  when  boiled  with 
ing’s  solution. 


ble  II.  Color  Reaction  of  Phosphomolybdic  Acid  with  Metals 
and  Reducing  Compounds 


iucing  Substance 

Color 

turnings) 

Green,  bluish 
then  blue 

>owder) 

None 

lust) 

Blue 

jowder) 

Green,  bluish 
then  blue 

'ranules) 

Green,  bluish 
then  blue 

’ranules) 

Green,  bluish 
then  blue 

granules) 

Blue 

;ranules) 

Bluish  green 

;ranules) 

None 

'ranules) 

Bluish  green 

granules) 

Blue 

Bluish  green 

rus  sulfate  (0.1%) 

Bluish  green 

)us  ammonium  sul- 

Bluish  green 

inous  chloride 
1%  in  0.1%  HC1) 

Blue 

lm  bisulfite 

Green,  bluish 
then  blue 

im  thiosulfate 

Green,  bluish 
then  blue 

1m  hydrosulfite 

Deep  blue 

ssium  iodide 

None 

38ium  ferrocyanide 

Bluish  green 

oxylamine  hydro- 
oride 

None 

azine  hydrochlo- 

Green,  bluish 

e 

then  blue 

ylhydrazine  hy- 
^chloride 

Deep  blue 

linophenol  hydro- 
oride 

Blue 

oquinone 

Blue 

Remarks 

green,  Color  changed  very 
slowly 

Blue  color  produced 
when  coned.  H2SO4 
added  and  mixture 
warmed 

Color  produced  immedi¬ 
ately 

green,  Color  changed  very 
slowly 

green,  Color  changed  very 
slowly 

green, 

Color  developed  slowly 

Color  developed  slowly 

Bluish  green  color  pro¬ 
duced  when  dilute 
H3SO4  added  and  mix¬ 
ture  boiled 

Color  developed  slowly 

Color  developed  slowly 


green,  Color  changed  very 
slowly;  more  rapidly 
if  solution  was  boiled 
green,  Color  changed  slowly; 

more  rapidly  if  solu¬ 
tion  was  warmed 

Bluish  green  color  de¬ 
veloped  when  solu¬ 
tion  was  slightly 
warmed 

Color  changed  to  red¬ 
dish  brown  when 
H2SO4  added 

Bluish  green  color  de¬ 
veloped  when  solu¬ 
tion  was  boiled 

green, 


Procedure.  Color  Reaction  of  Phosphomolybdic  Acid  and 
Molybdate  with  Sugars.  One  milliliter  of  the  sugar  solution 
(5%)  was  added  to  the  proper  amount  of  the  reagent.  The  whole 
was  boiled  for  3  minutes,  the  volume  of  the  solution  being  kept 
unchanged  by  constantly  adding  water  to  it.  Six  common  sugars 
were  tested  against  phosphomolybdic  acid,  acidulated  phospho¬ 
molybdic  acid,  ammonium  molybdate,  and  acidulated  ammo¬ 
nium  molybdate.  The  results  are  tabulated  in  Table  I. 

Color  Reaction  of  Phosphomolybdic  Acid  with  Metals  and  Reduc¬ 
ing  Compounds.  The  metal  or  the  solution  of  the  reducing  com¬ 
pounds  (1  to  2  ml.)  was  added  to  3  ml.  of  the  test  solution.  The 
color  reaction  usually  took  place  at  room  temperature;  in  only 
a  few  cases  was  warming  or  boiling  necessary.  The  reducing 
compounds  were  1%  aqueous  solutions,  if  not  otherwise  specified. 
The  results  are  tabulated  in  Table  II. 

The  phosphomolybdic  acid  did  not  give  color  reaction  with 
formaldehyde,  formic,  lactic,  and  oxalic  acids  even  when  the  solu¬ 
tion  was  boiled. 

1  Present  address,  School  of  Chemistry,  University  of  Minnesota,  Minne¬ 
apolis,  Minn. 

Separation  of  Catalysts  from 
Hydrogenation  Reaction  Mixtures 

FRANK  KIPNIS 

Research  Laboratories,  Endo  Products,  Inc., 

Richmond  Hill  18,  N.  Y. 

DURING  the  course  of  a  research  investigation,  the  problem 
of  the  removal  of  large  quantities  of  hydrogenation  cata¬ 
lysts,  such  as  Raney  nickel,  platinum,  or  palladium,  from  the 
reduction  medium  was  encountered.  The  usual  methods  involve 
filtration  through  paper  by  suction  or  use  of  the  centrifuge.  The 
former  operation  is  by  no  means  satisfactory,  since  the  finely 
divided  catalyst  often  passes  into  the  filtrate,  and,  in  addition, 
the  pyrophoric  nature  of  these  metals  produces  sparking  and 
charring  of  the  filter  paper.  This  becomes  a  definite  fire  hazard 
when  large  quantities  of  catalyst  and  inflammable  solvent  are 
handled.  Removal  of  the  catalyst  by  centrifugation  often  gives 
better  results,  but  involves  more  manipulation,  which  may  be 
deleterious  to  easily  decomposed  reduction  products. 

A  procedure  which  has  given  good  results  but  does  not  suffer 
from  the  deficiencies  fisted  above,  entails  the  use  of  a  filter  aid, 
such  as  Dicalite  4200,  or  its  equivalent,  spread  in  a  layer  about  1 
cm.  thick  over  filter  paper  seated  in  a  Buchner  funnel  of  appro¬ 
priate  size.  This  technique,  which  is  by  no  means  a  new  one 
in  the  industrial  or  analytical  field,  gives  sparkling  filtrates  com¬ 
pletely  free  of  catalyst,  and  minimizes  the  possibility  of  ignition 
of  the  solvent  or  metal. 

Test  runs  on  various  compounds  have  indicated  that  little  if 
any  material  is  adsorbed  during  this  treatment,  and  the  noble 
metal  catalysts  may  be  recovered  without  difficulty. 

This  procedure  is  advantageously  modified  in  most  cases  by 
including  the  filter  aid  with  the  compound  to  be  hydrogenated 
so  that  it  is  present  during  hydrogenation.  This  tends  to  give  a 
better  suspension  of  the  catalyst  and  in  many  cases  a  better  color 
of  the  finished  product  is  obtained. 
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Instrument  for  Measuring  Changes  in  Texture  of 

Dehydrated  Fish 

CHARLES  F.  SHOCKEY,  LYNNE  G.  McKEE,  and  WILLIAM  S.  HAMM 
Fishery  Technological  Laboratory,  U.  S.  Fish  and  Wildlife  Service,  Seattle,  Wash. 


A  NUMBER  of  mechanical  devices  for  the  measurement  of 
tenderness  of  various  kinds  of  food  products  such  as  peas 
and  beefsteak  have  been  described  but  none  seems  exactly  suit¬ 
able  for  dehydrated  fish.  The  undesirable  feature,  inherent  in  an 
organoleptic  method,  is 
that  the  tester  cannot 


accurately  carry  over 
from  one  testing  period 
to  another  the  standards 
for  the  degrees  of  tex¬ 
ture  evaluation.  Thus 
any  observations  regard¬ 
ing  the  course  of  change 
occurring  during  an  ex¬ 
tended  period  of  storage 
might  be  subject  to  con¬ 
siderable  error.  In  order 
to  eliminate  the 
irregularities  to  which 
organoleptic  tests  are  so 
susceptible  and  to  be 
more  directly  applicable 
to  the  need,  an  instru¬ 
ment  has  been  devised 
to  record  numerical 
values  proportional  to 
the  changes  in  texture 
occurring  in  dehydrated 
fish  during  storage. 


The  new  instrument 
consists  essentially  of  a 
set  of  shearing  plates  or 
jaws,  a  supporting 
stand,  a  spring  scale  of 
54.5-kg.  (120 -pounds) 

capacity,  and  a  geared- 
down  winch  (Figure  1).  Figure  1.  General  View  of  In- 
The  shearing  jaws  con-  strument 

sist  of  5  upper  and  6 
lower  tool  steel  plates 

with  square  ground  edges,  0.47  cm.  (3/i6  inch)  thick  by  3.75  cm. 
(1.5  inches)  wide,  by  12.5  cm.  (5  inches)  long  for  the  upper  and 
10.94  cm.  (4.375  inches)  for  the  lower.  These  are  so  arranged 
that  the  upper  plates  nest  between  the  lower  ones  with  approxi¬ 
mately  0.025-mm.  (0.001-inch)  clearance,  so  that  a  positive  shear¬ 
ing  action  is  effected.  As  may  be  seen  in  Figure  2  the  sample 
compartment,  which  is  5.16  cm.  (2Vi6  inches)  long  by  2.5  cm. 
(1  inch)  in  diameter,  is  formed  by  cutting  away  a  portion  of  the 
plates  of  the  lower  jaw  and  providing  a  shield  on  each  side.  The 
cut-away  portion  of  the  top  jaw  exactly  coincides  with  that  of 
the  lower  jaw  when  they  are  closed.  Thus  the  sample  compart¬ 
ment  can  be  easily  cleaned  by  raising  the  shields  at  the  sides  and 
brushing  out  the  sample  residue. 

The  sample  to  be  tested  is  placed  loosely  and  evenly  in  the 
compartment  with  the  jaws  open  and  the  shields  lowered  into 
position.  The  upper  jaw  is  then  lowered  until  it  rests  on  the 
sample,  the  spring  scale  is  hooked  to  it,  and  a  pulling  force  is 
applied  to  the  scale  by  means  of  a  cable  fastened  to  the  winch 
below.  The  force  necessary  to  shear  the  sample  is  read  directly 
in  pounds  from  the  dial.  As  the  sample  is  sheared  the  upper  jaw 
drops  suddenly,  thus  releasing  the  pressure  on  the  scale,  and  the 
maximum  reading  is  registered  by  means  of  a  friction  hand.  The 
scale  is  then  unhooked,  the  shields  are  raised,  and  the  sample 
residue  is  brushed  out  of  the  compartment  into  the  waste  can 


located  directly  below  the  jaws.  The  upper  jaw  is  again  raise 
the  shields  are  lowered  into  position,  and  the  instrument  is  rea( 
for  another  sample. 

Preliminary  tests  indicated  that  to  get  uniform  data  the  samp 
must  be  of  uniform  size  and  a  uniform  rehydration  procedu 
must  be  followed  in  its  preparation. 

Ten  grams  of  the  dehydrated  fish  are  allowed  to  rehydrate 
60  ml.  of  water  at  room  temperature  for  30  minutes.  Tempt 
ature  of  rehydration  as  shown  by  Hamm,  Butler,  and  Heer 
(1)  is  not  critical,  so  that  exact  control  of  temperature  during  i 
hydration  is  not  necessary.  The  reconstituted  sample  is  th< 
drained  free  of  water  on  an  inclined  screen  for  2  minutes  and  1 
gram  samples  of  the  reconstituted  material  are  used  for  the  mes 
urements. 


Table  I.  Change  in  Texture  of  Dehydrated  Fish  upon  Storage 
•  Indicated  by  Instrument  Readings 


Original 

After  14  Days 

After  30  Days 

14.0 

23.6 

32.8 

14.5 

24.6 

38.8 

16.0 

28.0 

36.2 

16.0 

24.0 

35.4 

13.5 

22.8 

38.2 

17.5 

25.8 

35.4 

15.2 

24.8 

36.1 

Extensive  tests  with  samples  of  various  lots  of  dehydrati 
fish  gave  standard  deviations  of  1  pound  for  samples  of  the  ord 
of  10  pounds’  toughness  and  4  pounds  for  samples  measurii 
50  pounds.  From  these  data  it  may  be  inferred  that  the  averaj 

toughness  value  of 
to  6  samples  will  1 
measured  with  a  pr 
cisionofless  than  ±5® 
Table  I  is  an  examp 
of  the  data  obtairn 
under  actual  operatio 
Organoleptic  tests  f 
texture  changes  ma< 
parallel  with  tests  on  tl 
instrument  have  show 
that  the  samples  a 
placed  in  the  same  ord 
in  relation  one  to  a 
other  but  that  sms 
differences  shown  1. 
the  instrument  are  m 
always  detected  organ' 
leptically. 

This  instrument  is  not  designed  to  evaluate  the  quality  of  s 
unknown  sample  of  dehydrated  fish,  but  is  of  value  in  followii 
the  change  in  texture  that  occurs  on  storage.  While  no  tes 
have  been  made  on  products  other  than  dehydrated  fish,  it  migl 
be  adapted  for  use  with  other  such  dehydrated  products  whe 
alteration  in  texture  during  storage  is  a  problem. 

LITERATURE  CITED 

(1)  Hamm,  W.  S.,  Butler,  C.,  and  Heerdt,  M.,  Food  Industries.  1 
489  (1944). 


Figure  2.  Shearing  Jaws 
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A  General  Utility  Laboratory  Distillation  Column 

W.  M.  LANGDON  AND  G.  M.  O'BRIEN,  JR.1,  University  of  Illinois,  Urbana,  III. 


ANY  articles  have  been  written  on  the  design  of  laboratory 
distillation  columns,  but  the  construction  details  of  a 
actical  column,  suitable  for  general  distillation  operations,  are 


t  easily  available  to  those  not  familiar  with  this  field.  The 


Figure  1 .  Diagram  of  Column 


the  characteristics  desirable  for  general  utility.  It  is  easily  con¬ 
structed  of  commonly  available  materials,  suitable  for  most 
distillation  operations  over  a  wide  temperature  range,  and  free 
from  mechanical  or  thermal  strains.  The  essential  feature  is  a 
glass  heating  jacket  in  which  any  desired  distillation  tube  up  to 
45-mm.  outside  diameter  may  be  inserted.  There  is  also  shown 
(Figure  1)  a  still  head  which  is  suitable  for  almost  every  type  of 
distillation  operation  encountered  in  the  laboratory.  Its  ap¬ 
plications  are  discussed  briefly. 

CONSTRUCTION 

Jacket.  The  jacket,  which  is  electrically  heated,  is  made  up 
of  two  concentric  glass  tubes,  G  55  and  F  70  mm.  in  outside 
diameter,  held  in  place  loosely  by  grooves  cut  in  the  two 
3/4-inch  transite  disks,  B.  These  disks  are  bolted  rigidly  to  a 
framework  of  three  3/8-inch  steel  pipes,  so  that  there  is 
no  mechanical  strain  on  the  glass.  This  arrangement  allows 
both  tubes  to  expand  or  contract  independently  of  each 
other  upon  heating  and  cooling.  The  pipe  framework  is  made 
rigid  by  means  of  two  transite  collars,  C,  fastened  intermediate 
to  the  disks  by  setscrews.  The  inner  glass  tube  is  wound  with 
two  double-spiral,  20-ohm  heating  elements,  D,  so  that  the  tem¬ 
perature  of  the  upper  and  lower  halves  of  the  jacket  may  be 
adjusted  independently.  The  heating  elements  are  wound 
directly  on  the  glass  and  held  in  place  by  moistened  alundum 
cement.  The  ends  of  the  elements  are  fastened  securely  by  wire 
bands.  The  temperature  of  the  jacket  is  measured  by  two  ther¬ 
mocouples,  E,  placed  inside  the  55-mm.  tube  with  the  hot  junc¬ 
tions  located  one  fourth  and  three  fourths  of  the  distance  along 
the  jacket.  The  thermocouples  are  preferably  strung  as  single 
strands  running  the  length  of  the  jacket.  The  electrical  con¬ 
nections  are  made  to  the  inner  surfaces  of  the  two  end  disks  and 
the  wires  strung  through  the  pipe  framework. 

Distillation  Tubes.  The  distillation  tubes,  which  may  be 
as  large  as  45  mm.  in  outside  diameter,  are  inserted  through  the 
opening  in  the  upper  transite  disk  and  rest  upon  the  tapered 
opening  of  the  bottom  disk.  The  tubes  smaller  than  45  mm. 
in  outside  diameter  are  centered  in  the  upper  disk  by  means  of 
split  transite  collars,  /,  and  are  provided  with  a  ring  of  glass  at 
the  lower  end  if  they  are  smaller  than  the  bottom  opening.  (As 
an  alternative  arrangement  the  top  of  the  distillation  tube  may 
be  provided  with  a  ring  of  glass  which  rests  on  the  upper  open¬ 
ing.)  This  arrangement,  intended  for  use  with  standard-taper 
joints,  allows  the  tube  assembly  to  rise  and  pivot  about  the  top 
when  the  bottom  accessories  are  being  attached.  Breakage  is 
thus  prevented  when  the  pieces  are  not  correctly  aligned.  The 
distillation  flasks  are  joined  to  the  column  by  suspending  them 
in  a  clamp  attached  at  A,  so  as  to  raise  the  tube  off  the  tapered 
opening  in  the  bottom  disk.  This  allows  the  tube  to  seat  itself 
in  the  flask  by  its  own  weight. 

Still  Head.  A  still  head,  which  has  been  found  suitable  for 
many  operations,  is  constructed  so  that  it  may  be  inserted  in  the 
top  of  the  distillation  tube  without  clamping,  thus  facilitating 
the  assembling  of  the  bottom  accessories.  The  head  is  con¬ 
structed  of  a  straight  tube  25  mm.  in  outside  diameter  and  is 
provided  with  vapor,  0,  and  liquid,  L,  sampling  lines  and  also  a 
line,  K,  for  returning  liquid  to  the  column.  The  inner  tube  of 
sample  condenser  in  the  vapor  line  should  be  constructed  of  8-mm. 
tubing  in  order  to  prevent  a  liquid  leg  from  forming  in  the  con¬ 
denser.  The  vapor  line,  together  with  its  stopcock,  and  that 
portion  of  the  head  below  the  sampling  lines  are  provided  with 
a  30-ohm  heating  element.  The  windings  on  the  vapor  line 
and  stopcock  are  wound  over  asbestos  paper  and  coated  with 
moistened  alundum  cement.  The  rest  of  the  windings  are 
wound  directly  on  the  glass.  A  thermocouple  is  wound  around 
the  barrel  of  the  stopcock  to  measure  the  temperature  at  that 
point.  A  capillary  thermocouple  well,  M,  extending  through  the 
still  head  and,  in  the  case  of  a  packed  column,  down  through  the 
packing,  may  be  used  to  measure  the  temperature  at  all  points 
in  the  column. 

DISCUSSION 

The  column  described  above  may  be  used  for  practically  all 
types  of  distillation  operations  which  are  conducted  above 

1  Present  address,  TJ.  S.  Navy. 
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room  temperature  and  at  pressures  varying  from  a  few  millimeters 
of  mercury  absolute  to  several  pounds  per  square  inch  gage.  It  is 
suitable  for  the  analogous  operations  of  absorption  and  extraction 
and  may  also  be  used  as  a  reaction  tube.  In  the  latter  case,  the 
reaction  tube  should  be  provided  with  an  additional  heating  ele¬ 
ment.  While  the  design  of  this  column  is  best  suited  for  opera¬ 
tions  above  room  temperature,  it  may  also  be  used  for  low-tem¬ 
perature  work  where  it  is  necessary  to  observe  the  column  action. 
In  this  operation,  the  cooling  tluid  would  be  circulated  in  the  an¬ 
nular  space  between  the  55-  and  70-mm.  jacket  tubes.  If  the 
fluid  was  introduced  several  inches  below  the  upper  disk,  only 
the  lower  end  of  the  jacket  would  have  to  be  sealed  by  a  gasket. 

The  still  head  shown  in  the  figure  is  a  composite  of  several 
types  used  by  the  authors.  The  thermocouple  well  extending 
down  through  the  packing  is  useful  where  the  temperature  is  a 
criterion  of  the  product  compositions.  While  the  thermocouple 
well  will  decrease  the  efficiency  of  the  packing,  this  is  in  many 
cases  compensated  for  by  the  gain  in  operability  of  the  column.  It 
enables  the  optimum  reflux  ratio  to  be  set  with  a  minimum  of  trial 
and  error  and  the  future  course  of  batch  distillations  to  be  pre¬ 
dicted  without  frequent  readings  of  the  temperature. 

The  vapor  sampling  line,  0,  is  used  where  it  is  necessary  to 
maintain  a  high  reflux  ratio  and  low  holdup,  as  in  the  case  of 
analytical  distillations.  Reflux  ratios  of  20/1  (O/P)  are  readily 


and  accurately  obtained  by  adjusting  the  stopcock  and  th 
applying  a  slight  pressure  to  the  column  (or  vacuum  to  the 
ceiver).  The  take-off  rate  is  closely  proportional  to  the  squs 
root  of  the  pressure  applied.  Other  advantages  of  vapor  sampli 
are  that  it  minimizes  contamination  of  the  sample  by  the  stc 
cock  grease  and  allows  accurate  sampling  of  distillates  wh 
give  two  liquid  phases  upon  condensation. 

A  simple  method  of  attaching  accessories  to  the  still  head 
illustrated  in  the  figure  for  operation  at  total  reflux  with  prodt 
holdup. 

The  receiver  is  suspended  in  a  clamp,  so  that  line  L  may 
connected  to  it.  The  receiver  is  then  rotated  on  its  own  a 
until  line  K  may  be  connected.  The  connecting  lines  ha 
sufficient  flexibility  to  allow  them  to  be  slid  easily  into  place 
the  same  time  providing  tight  seals  for  vacuum  work.  The  cc 
nections  illustrated  are  pieces  of  rolled  rubber  tubing  to  provi 
flexibility.  In  the  case  of  high-boiling  organic  solvents,  standai 
taper  joints  may  be  used  at  points  L  and  K.  The  capacity 
the  receiver  may  be  varied  by  the  use  of  return  lines  of  differ* 
lengths.  This  same  receiver,  by  closing  the  stopcock  in  reti 
line  K,  may  be  used  for  automatically  discontinuing  the  remo' 
of  product  in  batch  distillations. 

The  applications  of  this  still  head  to  the  various  types  of  azi 
tropic  distillations  with  two-phase  condensate  are  similar  to  t 
above  and  do  not  require  description. 


Method  for  Detecting  Inadequately  Heated 

Soybean  Oil  Meal 

C.  D.  CASKEY,  Jr.,  and  FRANCES  C.  KNAPP 
Southern  States  Laboratories,  Baltimore,  Md. 


Editor's  Note.  Since  receipt  of  this  paper,  a  subcommittee  of  the 
Animal  Nutrition  Committee  of  the  National  Research  Council 
has  been  appointed  to  study  tests  which  might  be  applied  to  soybean 
oil  meals  to  indicate  the  degree  of  heat  treatment  and  to  correlate  it 
with  biological  efficiency.  The  committee  is  carrying  on  collaborative 
work  with  additional  samples  in  order  to  check  further  the  validity  of 
the  urease  test. 


THE  high  nutritive  value  of  soybean  oil  meal  for  poultry 
and  swine  depends  considerably  upon  the  heat  treatment 
used  in  its  preparation.  Adequate  heat  treatment  improves  the 
biological  value  of  the  proteins  (2,  8,  4)  and  simultaneously  in¬ 
activates  the  enzymes  present  (6).  The  enzyme  lipoxidase  if 
left  active  in  the  meal  could  readily  cause  the  destruction  of  vita¬ 
min  A  or  its  precursors  with  which  it  comes  in  contact  in  the  di¬ 
gestive  tract  of  animals.  The  contemplated  use  of  urea  in  feed 
mixtures  for  ruminants  makes  it  important  that  the  soybean  oil 
meal  used  in  such  mixtures  be  heated  sufficiently  to  inactivate 
urease.  Mixtures  of  inadequately  heated  soybean  meals  or  raw 
soybeans  and  urea  develop  the  highly  characteristic  odor  of  am¬ 
monia  and,  hence,  become  unpalatable. 

It  has  been  reported  by  Bird  and  co-workers  (1)  that  commer¬ 
cially  produced  meals  differ  markedly  in  their  nutritive  values 
when  used  as  the  principal  source  of  protein  in  the  chick  ration. 
Some  of  the  poor  results  obtained  were  attributed  to  the  use  of  in¬ 
sufficiently  heated  meals.  With  the  enormously  increased  pro¬ 
duction  of  soybeans  and  their  subsequent  conversion  into  meal  by 
plants  having  no  previous  experience  with  this  commodity,  the 
need  for  a  rapid  test  for  determining  adequacy  of  heat  treatment 
is  apparent. 


Since  the  over-all  processing  conditions  of  temperature,  tin 
and  moisture  content  favorable  for  protein  denaturation  woi 
also  be  favorable  for  the  inactivation  of  enzymes,  a  test  bas 
upon  the  enzymatic  activity  of  the  finished  product  was  in* 
cated.  Urease  was  selected  because  of  its  unusually  high  cc 
centration  in  soybeans  and  the  ease  with  which  its  presence  c 


Table  I.  Growth  Response  and  Results  of  Tests  on  Samples  of  M' 
Receiving  Different  Heat  Treatments 


Average  Chick 

Results  o 

Weight  at  9  Weeks, 

Test  Soluti 

Treatment 

Grams* 

pH 

Experiment  I 

Raw  beans 

476 

8.9 

143°  F.,  11.6  minutes 

528 

8.8 

173°  F.,  16.5  minutes 

586 

8.6 

175°  F.,  105  minutes 

572 

8.7 

217°  F.,  42  minutes 

669 

7.6 

Solvent  meal 

798 

7.1 

Hydraulic  meal  B 

637 

8.9 

Experiment  II 

Insufficiently  cooked^ 

664 

8.4 

Medium  cooked^ 

728 

7.1 

Properly  cooked^ 

733 

7.  1 

Overcooked^ 

784 

7.1 

Experiment  III* 

Raw  meal 

317 

8.6 

Autoclaved  2.5  minutes  at  20  pounds 

494 

7.1 

Autoclaved  7.5  minutes  at  20  pounds 

483 

7.1 

Autoclaved  12.5  minutes  at  20  pounds 

443 

7.1 

Autoclaved  60  minutes  at  5  pounds 

494 

7.  1 

a  Growth  data  from  ( 1 ). 
b  Producer’s  designation. 
c  Weights  given  for  7th  week. 
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Table  II.  Precision  of  Test 

Date  Results  on  Test  Solution,  pH 

May  27  7.59 

August  2  7.68 

August  9  7.72 

August  10  7.55 

August  11  7.59 


detected.  The  following  test  based  upon  Sumner’s  (5)  quali- 
,ive  test  for  this  enzyme  was  devised. 

PROCEDURE 

To  approximately  10  ml.  of  0.05  M  phosphate  buffer  solution 
pH  7.0  containing  0.3  gram  of  urea  and  2  drops  of  0.1%  phenol 
1  solution  is  added  0.2  gram  of  the  meal  under  test.  The 
xture  is  allowed  to  stand  with  occasional  shaking  at  25°  to 
°  C.  for  30  minutes.  If  sufficient  urease  is  present  to  cause  an 
Tease  in  the  pH  of  the  solution  of  one  unit  as  indicated  by  a 
mge  in  color  to  deep  red,  the  meal  has  not  been  heated  suffi- 
ntly.  Adequately  heated  meals  produce  little  or  no  color 
mge.  If  the  presence  of  alkaline  salts  is  suspected,  a  blank 
buld  be  run,  using  a  sample  of  the  meal  which  has  been  inac- 
ated  by  heating  at  135°  C.  for  30  minutes. 


ble  III.  Results  Obtained  on  Samples  of  Commercially  Produced 

Meals 


Type 

Brand  • 

Samples 

Tested 

Results  on 
Test  Solution 

Hydraulic 

A 

7 

pH  8.3 

Hydraulic 

B 

12 

pH  8.5 

Hydraulic 

C,  D,  E 

16 

No  change 

Solvent 

H,  L 

5 

No  change 

Expeller 

A,  F,  G,  I,  J 

45 

No  change 

: 

RESULTS 

In  order  to  correlate  the  chemical  test  with  actual  feeding 
lue,  samples  of  meals  of  known  history  were  secured  through 
s  courtesy  of  H.  R.  Bird  of  the  Maryland  Experiment  Station, 
lie  results  obtained  using  this  test  on  those  samples  are  given  in 
Lble  I.  The  readings  are  given  in  terms  of  pH  values  instead  of 
ilor  change  because  of  the  greater  accuracy  obtainable.  In 
meral,  those  meals  which  gave  the  poorest  growth  response 
hibited  the  highest  urease  activity.  Unfortunately,  the  test 
nnot  be  used  to  indicate  excessive  heat  treatment. 

A  sample  giving  intermediate  values  was  selected  for  periodic 
sting  in  order  to  determine  the  reproducibility  of  results.  The 
suits  given  in  Table  II  were  obtained  with  a  Beckman  pH 
iter  and  indicate  a  variation  of  not  more  than  0.2  pH  unit, 
lich  is  well  within  the  range  of  the  colorimetric  method. 

The  results  given  in  Table  III  show  that  some  meals  produced 
the  hydraulic  process  on  the  market  today  are  insufficiently 
ated. 

SUMMARY 

A  simple  rapid  test  based  upon  the  urease  activity  of  the  soy- 
an  oil  meal  has  been  devised  to  detect  inadequately  heated  soy- 
an  meals. 
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Dropping  Funnel 

KENNETH  A.  KOBE1 
University  of  Washington,  Seattle,  Wash. 

IN  WORK  for  which  a  steam- jacketed  dropping  funnel  is  re¬ 
quired  the  ordinary  type  is  unsatisfactory  because  of  difficulty 
in  manipulating  the  stopcock  to  give  a  regulated  flow  of  liquid 
from  the  funnel.  It  is  also  unsatisfactory  where  the  liquid  con¬ 
tained  in  the  funnel  must  not 
dissolve  stopcock  grease. 

The  figure  shows  a  drop¬ 
ping  funnel  which  does  not 
possess  these  difficulties. 
This  funnel  contains  an  in¬ 
ternal  ground  joint,  A.  The 
liquid  in  the  bulb  flows  down 
a  narrow  groove,  B,  in  the 
outer  wall  and  through  a  2- 
mm.  hole,  C,  in  the  hollow 
center  plug  (see  enlarged 
cross-sectional  view).  This 
tapers  down  to  a  dropping 
point,  D,  which  shows  the 
rate  of  flow  through  open¬ 
ing  C.  On  the  upper  lip  of 
the  top  of  the  funnel  is  a 
small  point  of  glass,  F,  and 
the  handle,  E,  is  placed  in 
such  a  position  that  E  and  F 
are  in  the  vertical  plane  with 
B  and  C  when  the  hole  is  in 
the  open  position. 

The  entire  funnel  and 
ground  joint  can  be  placed 
in  a  steam  or  hot  water 
bath,  the  ground  seat  needs 
no  lubricant,  for  the  con¬ 
tained  liquid  will  so  act,  and 
if  any  liquid  leaks  through 
the  joint  it  can  drop  only 
into  the  reaction  flask. 
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Collective  Index  of  Analytical  Edition — 
Progress  Report 

Work  on  the  fifteen-year  cumulative  index  to  the  Analytical 
Edition  of  Industrial  and  Engineering  Chemistry,  first  an¬ 
nounced  in  the  July  issue,  has  gone  forward  steadily,  and  it  is  now 
planned  to  send  the  index  to  the  printer  in  November,  so  that  dis¬ 
tribution  can  be  begun  early  in  1945. 

The  index  will  form  a  book  about  the  same  size  as  an  issue  of  the 
Analytical  Edition,  and  will  be  printed  on  the  same  paper.  It 
is  being  prepared  by  Charles  L.  Bernier,  Associate  Editor  of  Chemical 
Abstracts. 

In  the  November  15  issue  of  the  Analytical  Edition  will  appear 
a  definite  announcement  of  price  and  date  of  issue,  with  full  instruc¬ 
tions  regarding  placing  of  orders,  for  the  benefit  of  those  who  have 
not  yet  done  this. 


Electron  Microscope  Studies  of  Colloidal  Carbon  in 

Vulcanized  Rubber 


W.  A.  LADD 

Columbian  Carbon  Company,  Research  Laboratories,  Brooklyn,  N.  V. 


New  techniques  are  described  for  electron  microscopy  studies  of 
colloidal  carbon  in  vulcanized  natural  and  synthetic  rubber,  by  which 
it  is  hoped  to  make  it  possible  to  determine  the  micromorphology 
of  carbon-reinforced  rubbers,  assess  the  effect  of  differences  in  car¬ 
bon  fineness  and  structure,  evaluate  visually  the  effect  of  polymer 
differences  upon  the  ultimate  carbon-polymer  units,  and  determine 
the  effect  of  processing  and  other  variables. 


ELECTRON  microscope  studies  of  carbon  in  vulcanized 
rubber  have  always  been  complicated  by  the  difficulty  of 
preparing  specimens  thin  enough  for  penetration  by  the  electron 
beam.  The  main  attention  has  thus  been  given  to  investigations 
of  carbons  and  rubbers  separately. 

WORK  ON  CARBONS  AND  RUBBERS 

Discussions  of  the  particle  size  of  the  various  carbons  and  their 
correlation  to  the  physical  properties  of  rubber  compounds  have 
been  published  by  Wiegand  and  Ladd  (6‘).  Photomicrographs 
of  natural  and  Perbunan  latices  were  shown  by  von  Ardenne  and 
Beischer  (/)  in  1940.  Morphological  features  of  particles  from 
latices  of  16  plant  species  were  studied  by  Hendricks,  Wildman, 
and  McMurdie  (3).  Photomicrographs  and  particle  diameters 
for  natural,  Buna  S,  Buna  N,  neoprene,  and  Thiokol  latices  were 
published  by  Wiegand  (5)  in  March,  1944. 


Figure  2 


Other  studies  have  been  made  on  cements  and  fibers.  Von 
Ardenne  prepared  films  of  rubber  by  spreading  a  thin  film  of  la¬ 
tex  on  a  glass  slide,  breaking  the  slide,  and  stretching  the  film. 
He  also  cast  films  from  a  solution  of  rubber  in  benzene  ( 1 ). 
Studies  on  vulcanized  and  unvulcanized  rubber  have  been  carried 
out  by  Hall  and  co-workers  ( 2 )  by  allowing  films  cast  from  a  ce¬ 
ment  to  break  into  fibers  and  examining  these  fibers  in  the  elec¬ 
tron  microscope. 

Contemporary  Work  on  Compounds.  The  earliest  pictures 
of  vulcanized,  carbon-reinforced  rubber  were  shown  by  von 
Ardenne  ( 1 )  who  prepared  the  specimen  by  crushing  a  sample  of 
vulcanized  rubber  cooled  by  liquid  air,  and  then  choosing  the 
finest  fragment  by  means  of  a  light  microscope.  Prebus  (4) 
prepared  rubber  specimens  by  cutting  a  section  of  cable  insulation 
by  means  of  an  abrasive  wheel.  The  number  of  fragments  suit¬ 
able  for  electron  microscope  investigation  made  by  either  of 
these  two  methods  is  extremely  small  and  therefore  other  means 
of  preparation  were  desirable. 


DEVELOPMENT  OF  NEW  METHODS 


As  a  first  attempt  in  investigating  carbon-rubber  specimei 
studies  were  made  on  uncured  tread  stock  compounds  made  in 
cements  from  which  thin  films  were  cast.  The  rubber  films  wt 
supported  on  collodion  to  prevent  their  breaking  into  fibe 
These  studies  gave  evidence  of  the  ability  of  “structure”  carbo 
to  survive  the  shearing  stress  involved  in  milling  in  rubber  (• 
However,  it  was  felt  that  dissolving  the  rubber  compound,  a 
then  casting  a  film,  changed  the  dispersion  from  that  of  t 
milled  stock.  Consequently  other  methods  were  sought.  Thi 
methods  have  been  developed: 


1.  Rub  Out  Technique.  In  this  method,  a  Formvar  film 
first  obtained  on  a  glass  microscope  slide.  A  small  quantity 
uncured  stock  is  then  rubbed  out  on  the  Formvar  by  strokes  o 
spatula  or  the  edge  of  a  glass  slide.  A  200-mesh  screen  is  th 
cemented  to  the  rubber  smear  by  means  of  Ambroid  around 
edge.  The  Formvar  film  is  teased  free  and  floated  on  a  wal 
surface  from  which  it  is  taken  and  allowed  to  dry. 

The  specimens  can  be  examined  in  the  electron  microscoj 
given  a  dry  heat  cure,  and  photographed  again. 

The  disadvantages  in  this  method  are :  Method  of  smearing 
such  that  streaking  in  one  direction  is  produced;  and  dry  he 
cure  is  different  from  that  employed  in  pressure  molds. 

2.  Replica  Method.  This  involves  cracking  a  rubt 
block  and  obtaining  a  Formvar  replica  of  the  broken  surfai 
The  appearance  of  the  carbon  in  the  broken  surface  is  analogo 
to  that  of  stones  in  a  broken  concrete  block. 

A  cured  rebound  block  (2X1X1  inch)  made  of  standa 
tread  stock  is  first  frozen  in  an  acetone-dry  ice  bath,  then  plac 
in  a  vise  and  cracked  into  two  pieces.  First  attempts  to  obta 
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Figure  3.  P-33  in  GR-S  (X  5000) 
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replica  of  the  broken  surface  involved  putting  a  Formvar  film 
irectly  on  the  rubber.  A  suitable  film  for  the  electron  micro- 
:ope  could  not  be  stripped  off,  however.  In  order  to  overcome 
lis  difficulty,  molten  medium  DeKhotinsky  cement  was  poured 
n  the  surface  (polystyrene  could  also  be  used) .  This  was  stripped 
ff  when  hard  and  a  drop  of  2%  Formvar  solution  in  ethyl- 
ae  dichloride  placed  on  the  impression.  After  the  film  had 
ardened,  the  cement  was  dissolved  in  Solox.  The  Formvar 
3plica  obtained  was  then  photographed. 

The  interpretation  of  the  resultant  photomicrograph  requires  a 
;ries  of  prints  made  at  varying  exposures.  Three  types  of  den- 
ties  are  representative  of  carbon  particles  in  the  original  block. 
Particle  A.  The  original  broken  surface  will  have  carbon 
articles  protruding  and  holes  where  particles  remaining  in  the 
ther  half  of  the  block  have  been  ripped  out. 

A  protruding  particle  (A,  Figure  1)  may  be  ripped  out  by  the 
;;ment.  This  will  be  carried  directly  into  the  Formvar  film 
4,  Figure  2)  when  the  cement  is  dissolved  and  will  be  a  black 
ircle  on  the  print. 

Particle  B.  A  protruding  particle  ( B ,  Figure  1)  may  remain 
l  the  rubber  block  and  will  be  represented  by  a  hole  in  the  ce- 
lent.  This  will  give  rise  to  a  pimple  on  the  Formvar  film,  and 
l  the  print  will  give  a  black  circle  lighter  in  density  than  that 
orresponding  to  particle  A. 

Particle  C.  A  hole  (C,  Figure  1)  in  the  block  will  be  carried 
ver  to  the  Formvar  as  a  hole.  This  will  appear  in  the  print 
s  a  white  circle. 


Figure  4.  Dispersion  of  P-33  in  GR-S  Block 


A  photomicrograph  of  a  replica  from  a  block  of  P-33  in  GR-S 
3  shown  in  Figure  3,  overexposed  to  bring  out  the  white  circles 
particle  C).  Bits  of  rubber  pulled  out  by  the  cement  are  also 

vident. 

In  Figure  4  is  a  map  made  from  the  various  prints,  showing  the 
ctual  dispersion  of  P-33  in  the  GR-S  block. 

3.  Vulcanizing  Method.  This  method  has  been  developed 
nore  than  the  preceding  two,  because  of  its  greater  efficiency, 
n  principle  it  consists  of  pressing  out  the  uncured  stock  to  a  thin 
ilm  and  then  vulcanizing  it. 

The  rubber  is  pressed  out  between  two  specially  prepared 
lisks  0.25  inch  in  diameter  (Figure  5).  Disk  A  is  pressed  out  of 
/ 16  inch  steel  plate  with  a  die  shaped  to  give  a  crown.  Fifing  the 
>ne  side  flat  gives  the  shape  shown  in  Figure  5.  Disk  B  is  flat 
nd  pressed  out  of  Vie  inch  aluminum.  The  inner  faces  of  both 


Figure  6.  Mold  Plates 

Several  tests  were  made  to  check  on  whether  the  carbon  was 
being  squeezed  out  of  the  rubber  onto  the  collodion  and  might 
become  insoluble  in  amyl  acetate  during  curing.  One  test  con¬ 
sisted  of  taking  stereoscopic  pictures.  These  reveal  the  carbon 
to  be  inside  the  rubber  film.  Figure  8  presents  a  pair  of  stereo¬ 
pictures,  which  show  interesting  tears.  The  density  at  A  indi¬ 
cates  a  thickness  of  rubber  equal  to  that  of  the  P-33  particle. 
The  serrated  edge  at  B  matches  the  carbon  particles  at  C.  The 


A  and  B  are  coated  with  collodion,  which  serves  a  twofold  pur¬ 
pose:  it  fills  any  holes  in  the  metallic  surfaces  and  thus  allows 
slippage  of  the  rubber  as  the  pressure  is  applied,  and  it  enables 
the  extremely  thin  film  to  be  removed  from  the  mold.  The 
piece  of  rubber  tread  stock  placed  between  the  two  disks  is  less 

Three  sets  of  disks  with 
rubber  between  them  are 
placed  between  two  6-inch 
square  flat  mold  plates.  In 
Figure  6  one  of  the  sets  has 
been  left  separated  to  show 
the  piece  of  rubber  in  posi¬ 
tion.  The  mold  is  then 
placed  in  a  Carver  press,  a 
pressure  of  1000  to  4000 
pounds  per  square  inch  is 
applied,  and  the  specimens  are  cured. 

After  curing  is  complete,  the  disks  are  separated  and  placed  in 
amyl  acetate.  This  dissolves  the  collodion  and  the  pieces  of  thin 
film  are  teased  free,  allowed  to  remain  in  the  amyl  acetate  for 
several  days,  then  picked  up  on  200-mesh  screens,  and  photo¬ 
graphed  in  the  electron  microscope. 

PHOTOMICROGRAPHS 

Photomicrographs  of  specimens  of  vulcanized  rubber  prepared 
by  the  above  method  are  shown  in  Figure  7.  The  compounds 
were  as  follows: 


Mieronex  W-6  in  GR-S 

GR-S  100.0 

Mieronex  W-6  (EPC)  50.0 

Zinc  oxide  3.0 

Bardol  7.5 

Benzothiazyl  sulfenamide  1.2 

Sulfur  1 . 8 

Mieronex  W-6  in  Natural  Rubber 
Smoked  sheets  100 . 0 

Mieronex  W-6  (EPC)  50.0 

Zinc  oxide  3.0 

Stearic  acid  4 . 0 

Pine  tar  2 . 0 

BLE  1.5 

Sulfur  2.7 

MBT  0.9 

P-33  in  GR-S 

GR-S  100.0 

P-33  (FT)  50.0 

Zinc  oxide  5.0 

Bardol  4.5 

Pine  tar  3 . 0 

Sulfur  _  1.8 

Benzothiazyl  sulfenamide  1 . 0 


than  V 32  inch  in  diameter. 
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Figure  5.  Disks 
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Figure  7.  Photomicrographs  of  Vulcanized  Rubber  Specimens  (X  5000) 

Left.  Micronex  W-6  in  GR-S  Center.  Micronex  W-6  in  natural  rubber  Right.  P-33  in  GR-S 
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radius  of  curvature  has  increased,  indicating  a  contraction  of 
the  rubber  after  tearing.  The  weakness  of  the  bond  between  the 
P-33  particle  and  the  rubber  is  also  shown  by  the  cleanness  of 
the  break. 

DISCUSSION  OF  METHODS 

The  rub  out  technique,  because  of  its  directional  effect,  is 
poorest  of  the  three  methods. 

The  vulcanizing  method  is  the  most  successful  of  the  three, 
and  gives  the  best  pictures.  Some  distortion  may  be  present 
due  to  the  high  pressures  used. 

The  replica  method  involves  no  distortion  of  the  rubber  block. 
Its  disadvantage  lies  in  difficulty  of  interpretation  of  the  pictures 
and  poor  definition  in  the  case  of  replicas  of  the  fine  carbons. 

Studies  now  being  made  involve  use  of  the  last  two  methods. 


rubbers,  is  a  problem  the  solution  of  which  is  recognized  as  ca 
dinal.  It  is  hoped  that  the  new  techniques  here  described  ma 
in  due  course  result  in  pictures  from  which  it  may  be  possibL 
(a)  to  determine  the  micromorphology  of  carbon-reinforced  rul 
bers;  (6)  to  assess  the  effect  of  differences  in  carbon  fineness  an 
structure;  (c)  to  evaluate  visually  the  effect  of  polymer  diffe 
ences,  as  in  gel  content,  changes  due  to  heat  exposure,  latex  pa: 
tide  size,  etc.,  upon  the  ultimate  carbon-polymer  units;  and  (c 
to  determine  the  effect  of  processing  and  other  variables  in  tl 
carbon-polymer  network. 

Any  who  are  in  a  position  to  furnish  specimens  embodyin 
variables  (c)  and  ( d )  in  a  strictly  controlled  series,  are  invited  1 
correspond  with  the  author,  with  a  view  to  such  electron  mien 
scopic  analysis  as  opportunity  may  afford. 


DISCUSSION  OF  RESULTS 
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Figure  8.  Stereoscopic  Pictures  of  P-33  in  GR-S 
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« 

Device  for  Projecting  an  Image  of  a  Reading  Scale 

CLIFTON  TUTTLE  AND  F.  M.  BROWN,  Kodak  Research  Laboratories,  Rochester,  N.  Y, 


*INCE  the  optical  system  now  in  use  in  these  laboratories  to 
)  facilitate  the  reading  of  microchemical  balances  has  proved 
itisfactory,  the  authors  believe  a  description  might  be  of  value 
)  others  engaged  in  similar  work. 

For  routine  analyses,  a  number  of  Kuhlmann  microchemical 
alances  are  used,  in  which  the  pointer  passes  across  a  white  scale 
ith  black  line  indexes  at  0.2-mm.  intervals.  Deflection  of  the 
ointer  is  estimated  to  a  tenth  of  one  of  these  divisions— an  opera- 
on  obviously  impossible  for  the  unaided  eye.  Ordinarily  a 
ronocular  telescope  magnifier  giving  5X  or  6X  magnification  is 
irected  at  the  scale.  Operators  who  make  many  daily  readings 
i  this  manner  suffer  considerable  eyestrain  and  fatigue  in  making 
recise  observations  and  would  therefore  find  desirable  a  pro- 
scted  scale  image  that  could  easily  be  observed  with  both  eyes. 

It  appears  impossible  to  provide  sufficient  light  on  the  conven- 
onal  white  scale  to  make  possible  its  projection  with  adequate 
rightness  and  sufficient  magnification.  A  light  source  of  watt¬ 
le  high  enough  to  provide  sufficient  light  cannot  be  used  inside 
r  even  in  proximity  to  the  balance  case  because  of  the  danger  of 
;tting  up  convection  air  currents. 

The  authors  have  solved  the  problem  by  replacing  the  white 
wy  scale  with  a  highly  efficient  specular  reflecting  surface.  For 
lis  purpose  they  selected  a  piece  of  optically  polished  stainless 
eel  and  upon  its  surface  reproduced  a  replica  of  the  micro- 
alance  scale  by  means  of  a  technique  worked  out  for  the  photo- 
raphic  reproduction  of  reticles.  Mechanical  engraving  of  the 
nes  and  subsequent  filling  in  wdth  black  pigment  would  serve  as 
ell,  but  would  probably  be  more  expensive. 

The  steel  mirror  surface  reflects  about  80%  of  the  incident 
ght,  most  of  which  is  utilized,  instead  of  scattering  it  inefficiently 
3  does  the  matte  white  scale.  The  optical  system  actually  em- 
loyed  in  directing  light  to  the  scale  and  receiving  it  for  project- 
lg  a  magnified  scale  image  might  well  be  of  various  forms  and  di- 
lensions,  depending  upon  the  particular  apparatus  to  which  it 
applied.  The  system  used  in  the  microbalances  is  shown 
iagrammatically  in  Figures  1  and  2. 


In  use,  the  balances  are  set  up  inside  glass  cabinets  that  pro¬ 
tect  the  instruments  from  air  currents  and  mechanical  injury. 
The  lamp  in  a  housing  is  placed  outside  this  outer  cabinet.  The 
filament  of  the  lamp  is  imaged  at  about  5  X  magnification  slightly 
above  the  stainless  steel  mirror.  This  slightly  out-of-focus  fila¬ 
ment  image  produces  acceptably  uniform  illumination  on  the 
mirror.  The  scale  reflects  the  image  into  a  2.5-cm.  (1-inch)  focal 
length  objective  which  projects  the  scale  image  and  the  image 
of  the  shadow  of  the  pointer  onto  a  white  screen  at  a  magnifica¬ 
tion  of  about  8X.  For  convenience,  the*  image  is  directed 
downward  by  means  of  a  small  plane  mirror,  so  that  it  falls 
on  the  bench  in  front  of  the  instrument  in  a  position  which 
can  be  conveniently  seen  by  the  operator.  The  image  is  bright 
enough  to  be  clearly  visible  in  a  well-lighted  room.  The  illu¬ 
mination  level  is  about  20  foot-candles. 


Since  it  is  important  to  avoid  heat  within  the  balance  case,  it 
is  desirable  to  determine  how  much  energy  is  absorbed  inside  the 
case.  The  energy  radiated  by  the  lamp  and  accepted  by  the 
first  lens  amounts  to  about  0.2  watt,  80%  of  which  is  absorbed 
by  the  heat-absorbing  glass  (Corning  Aklo).  About  0.04  watt  is 
the  amount  of  energy  reaching  the  balance  scale.  Almost  30% 
of  this  energy  is  reflected  by  the  mirror  surface  through  the  lens 
and  about  70%,  or  less  than  0.03  watt,  goes  to  heat  the  instru¬ 
ment.  This  is  less  than  the  radiant  energy  entering  the  case 
from  other  light  sources  in  the  room.  Prolonged  trial  shows  no 
heating  effect  upon  the  delicate  mechanism  of  the  balances. 

Communication  979  from  the  Kodak  Research  Laboratories. 


Spectrographic  Boron  Steel  Standards 

The  National  Bureau  of  Standards,  Washington,  D.  C.,  is  prepared 
to  furnish  six  samples  of  boron  steels  in  rod  form  for  spectrographic 
standards. 

The  standard  samples  are  cylindrical  rods  V32  inch  in  diameter  and 
4  inches  long.  The  4-inch  rod  may  be  cut  at  the  center,  giving  two 
rods  each  2  inches  long  for  use  as  self-electrodes.  The  price  per 
sample  is  $3.00. 

No.  Kind  Total  Boron,  % 

425  Mn-Ni-Cr  (N.E.  9450)  0.0006 

426  Cr-Mo  (SAE  4150)  0.0011 

427  Cr-Mo  (SAE  4150)  0.0027 

428  Mn-Cr  0.0059 

429  Ni-Cr-B  0.0091 

430  Ni-Cr-B  0.019 


Figure  1.  Microbalance  with  Scale  Projecting  System 
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Determination  of  Iron  in  Food  Products 

JOHN  B.  THOMPSON 

Q.M.C.  Subsistence  Research  &  Development  Laboratory,  Chicago  Quartermaster  Depot,  Chicago,  III. 


A  modified  thiocyanate  procedure  in  which  the  color  complex  is 
extracted  with  isobutyl  alcohol  is  described.  Data  on  recoveries 
of  added  iron  to  a  wide  variety  of  foods  are  given.  Recoveries  of 
better  than  ±0.5  p.p.m.  are  possible. 

IRON  content  is  an  important  factor  in  the  nutritional  evalua¬ 
tion  of  foods.  As  a  trace  contaminant  promoting  oxidative 
and  metallic  flavors,  rancidity,  and  vitamin  instability  it  also 
plays  an  important  role.  A  satisfactory  method  for  the  deter¬ 
mination  of  iron  should  be  adaptable  to  a  wide  variety  of  prod¬ 
ucts  without  alteration  of  procedure  and  should  have  greater 
sensitivity  than  the  methods  now  used  for  food  and  biological 
materials.  Some  foods  having  a  very  low  iron  content,  but  a  high 
phosphorus  and  calcium  content,  present  a  particularly  difficult 
problem.  Interference  by  both  calcium  and  phosphorus  is  en¬ 
countered  with  the  relatively  large  sample  required  to  provide  a 
significant  amount  of  iron.  Increasing  the  sample  size  of  such  a 
food  proportionately  increases  the  amount  of  calcium  and  phos¬ 
phorus.  A  typical  example  of  such  a  food  is  powdered  whole 
milk.  The  proposed  method  is  sufficiently  sensitive  to  measure 
small  quantities  of  iron,  and  the  interference  of  both  calcium  and 
phosphorus  is  negligible. 

A  review  of  the  literature  reveals  a  rather  confusing,  and  in 
some  cases  contradictory,  mass  of  information  on  the  use  of  the 
thiocyanate  reagent  in  the  determination  of  iron.  Thiocyanate 
is  particularly  well  suited  for  use  on  samples  prepared  by  acid 
digestion  (wet-ashed)  with  a  resulting  high  acid  concentration 
and,  for  this  reason,  was  chosen  for  the  reagent.  According  to 
Woods  and  Mellon  (<9)  the  following  variables  must  be  kept  rea¬ 
sonably  constant:  (1)  amount  and  kind  of  acid,  (2)  excess  quan¬ 
tity  of  oxidizing  agent,  (3)  time  of  standing,  (4)  presence  and 
amount  of  certain  interfering  ions,  and  (5)  dielectric  constant  of 
the  solvent. 

Pyrophosphates  resulting  from  dry-ashing  interfere  with  the 
determination  by  complexing  the  iron  ( 8 ).  This  interference  can 
be  eliminated  by  digesting  the  sample  in  sulfuric,  nitric,  and  per¬ 
chloric  acids.  Jackson  (4)  used  acid  digestion  satisfactorily,  and 
has  shown  that  excellent  recoveries  can  be  obtained.  Acid  di¬ 
gestion  is  particularly  advantageous  where  copper  is  also  to  be 
determined,  as  both  determinations  can  be  made  from  a  single 
sample  preparation. 

Most  foods  may  be  readily  ashed  by  digestion  with  sulfuric, 
nitric,  and  perchloric  acids.  However,  a  few  products  of  high  fat 
content  do  not  lend  themselves  readily  to  complete  oxidation. 
Dairy  products  are  particularly  difficult  to  digest,  and  at  best, 
their  sample  preparation  is  a  tedious,  time-consuming  procedure. 
Thirty  per  cent  hydrogen  peroxide  has  been  used  to  excellent 
advantage  in  the  oxidation  of  both  high  fat  and  carbohydrate 
products  ( 5 ).  The  alternate  ashing  procedure  described  under 
the  sample  preparation  has  reduced  the  time  for  the  preparation 
of  a  5-gram  sample  of  powdered  whole  milk  to  less  than  one  half 
of  that  required  when  peroxide  is  not  used. 

Hallinan  (5)  has  shown  that  a  high  concentration  of  hydro¬ 
chloric  acid  is  exceptionally  well  suited  for  the  development  of  the 
ferric  thiocyanate  complex  and  that  a  high  concentration  of  po¬ 
tassium  thiocyanate  gives  the  maximum  color  development  in 
the  presence  of  a  minimum  concentration  of  iron.  A  concentra¬ 
tion  of  1.5  N  hydrochloric  acid  and  0.5  N  potassium  thiocyanate 
in  the  presence  of  potassium  persulfate  as  an  oxidizing  agent 
gives  excellent  color  development  and  stability.  Potassium  per¬ 
sulfate  may  be  used  satisfactorily  as  an  oxidizing  agent  both  to 


ensure  that  iron  remains  as  the  ferric  ion  and  to  stabilize  the  col< 
complex  in  aqueous  solution.  Although  potassium  persulfa 
has  been  reported  to  develop  a  yellow  color  in  hydrochloric  ac 
solution  ( 8 ),  this  has  not  been  noted  in  this  study.  The  compar 
tive  stability  of  the  ferric  thiocyanate  complex  with  and  withoi 
added  persulfate  is  shown  in  Table  I. 


Table  I.  Comparative  Stability  of  Ferric  Thiocyanate  Complex 
the  Aqueous  Phase 


Time  of  Standing 
Min. 


Transmission 

No  potassium  Potassium  persulfate  add 
persulfate  added  (1  ml.  of  2%  solution) 

%  % 


0  (initial  reading)  50.2  50.4 

5  51.0  50.3 

10  52.2  50.4 

15  52.8  50.3 

20  53.8  50.4 

35  55.5  50.5 

45  56.8  50.9 

60  59.4  51.0 


Isobutyl  alcohol  appears  to  be  an  ideal  solvent  for  concentratii 
and  intensifying  the  color,  and  a  satisfactory  means  of  eliminatii 
the  interference  of  calcium.  The  ferric  thiocyanate  compl 
extracted  from  an  acidified  aqueous  solution  with  isobutyl  alcoh 
has  a  maximum  absorption  at  485  millimicrons,  obeys  Beer’s  h 
(Figure  1),  and  is  free  from  the  variations  which  occur  when  is 
amyl  alcohol  is  used  ( 2 ).  The  point  of  maximum  absorption  w 
determined  using  a  Coleman  Universal  spectrophotometer  ai 
checked  with  a  Beckman  quartz  spectrophotometer.  Wins 
(7)  has  shown  in  his  study  of  the  intensity  and  stability  of  t 
complex  that  the  dielectric  constant  is  a  satisfactory  criteria 
for  the  dissociation  of  the  solute.  Isobutyl  alcohol  has  a  re) 
tively  low  dielectric  constant  (International  Critical  Tab! 
value  of  18.7)  and  the  resulting  solution  of  the  complex  is  stal 
for  several  hours.  Although  isobutyl  alcohol  is  fairly  soluble 
water  it  can  be  effectively  used  if  the  volume  ratio  of  the  aqueo 
phase  to  the  alcohol  is  kept  constant.  A  ratio  of  41  ml.  to  25  n 
was  selected,  since  this  allows  aliquot  sizes  up  to  25  ml.  and  gi\ 
ample  color  intensification. 

Calcium  is  probably  the  most  difficult  interfering  ion.  It  h 
been  reported  (2)  that  when  it  is  present  in  excess  of  10  mg.  p 
100  ml.  of  a  hydrochloric  acid  solution,  the  quantitative  recove 
of  iron  cannot  be  obtained.  As  it  is  present  in  substantial  qua 
tities  in  dairy  products,  recovery  data  were  obtained  on  ir 
added  to  these  products.  The  data  were  obtained  by  both  t 
author  and  a  cooperating  laboratory  ( 6 )  and  are  presented 
Tables  II  and  III.  The  recoveries  indicate  that  calcium  inti 
ference,  if  any,  is  negligible  when  the  proposed  method  is  appli 
to  high  calcium  content  foods.  In  addition  to  obtaining  recove 
data,  the  amount  of  calcium  extracted  by  isobutyl  alcohol  w 
determined. 

Seventy  milligrams  of  calcium  were  dissolved  in  25  ml. 
water.  The  solution  was  treated  as  a  blank  and  extracted  i 
cording  to  the  proposed  method.  The  calcium  content  of  t 
alcohol  following  the  extraction  was  found  to  be  less  than  0.2  n 
An  additional  test  was  made  to  determine  the  amount  of  hydi 
chloric  acid  that  was  extracted  by  the  isobutyl  alcohol.  A  bla 
determination  containing  only  water,  hydrochloric  acid,  th 
cyanate,  and  isobutyl  alcohol  was  made.  The  initial  concent) 
tion  of  acid  in  the  aqueous  phase  was  found  to  be  1.3  N.  Folio 
ing  the  usual  2-minute  shaking  period,  the  normality  had  dropp 
to  0.96.  This  loss  of  acid  by  absorption  by  the  isobutyl  alcol 
increases  the  normality  of  the  solvent  to  approximately  0.55  N. 
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The  presence  of  a  relatively  high  concentration  of  hydrochloric 
cid  in  the  isobutyl  alcohol  undoubtedly  aids  in  the  stabilization 
f  the  ferric  thiocyanate  complex. 

The  stability  of  the  ferric  thiocyanate  complex  has  been 
becked  on  several  determinations  by  reading  the  per  cent  trans- 
lissions  immediately  and  then  again  over  periods  ranging  up  to 
hours.  In  no  cases  were  increases  in  transmittancies  noted, 
ine  sample  with  an  initial  reading  of  23%  was  read  again  at  the 
ad  of  36  hours.  The  transmission  was  found  to  be  26%  or  an 
lcrease  of  only  3%.  However,  recovered  isobutyl  alcohol  pre- 
iously  used  for  either  thiamine  or  iron  determinations  resulted 
i  rapid  fading  and  hence  could  not  be  used  satisfactorily. 

A  single  distillation  from  an  all-glass  Pyrex  still  frees  isobutyl 
lcohol  from  its  initial  iron  content  and,  inasmuch  as  it  is  a  stand- 
,rd  solvent  for  thiamine  assays,  it  is  readily  available  in  food 
iiboratories  doing  vitamin  analyses. 

METHOD  APPLICATION 

Apparatus.  A  spectrophotometer  or  photoelectric  colorim- 
ter  (a  Coleman  Universal  spectrophotometer  was  used  by  the 
uthor).  Readings  are  made  at  485  millimicrons,  the  point  of 
laximum  absorption. 

Pyrex  glassware.  All  glassware  is  cleaned  with  concentrated 
itric  acid,  rinsed  with  distilled  water,  and  finally  rinsed  several 
mes  with  redistilled  water. 

Reagents.  Sulfuric  acid,  concentrated,  reagent  grade. 

Nitric  acid,  concentrated,  reagent  grade,  redistilled  from  Pyrex. 

'  Perchloric  acid,  double-vacuum-distilled  72%  perchloric  acid 
nay  be  obtained  from  G.  Frederick  Smith  Chemical  Co.,  Colum- 
ius,  Ohio). 

Hydrogen  peroxide,  30%,  without  added  stabilizer. 

'  Redistilled  water,  distilled  water  redistilled  from  Pyrex. 
Hydrochloric  acid,  concentrated,  reagent  grade. 

Potassium  persulfate,  reagent  grade,  2%  solution  in  redistilled 
ater,  prepared  fresh  every  few  days  and  stored  in  a  refrigerator. 
Potassium  thiocyanate,  reagent  grade,  20%  solution  in  redis- 
lled  water  prepared  frequently  and  stored  in  a  refrigerator. 
Isobutyl  alcohol,  b.p.  106-107°  C.,  redistilled  from  Pyrex. 
Standard  Iron  Solutions.  Stock  Solution.  Weigh  exactly 
.0000  gram  of  iron  wire  into  a  dry,  iron-free  beaker.  Dissolve  in 
D%  hydrochloric  acid  to  which  1  to  2  ml.  of  concentrated  nitric 
cid  have  been  added.  Carefully  evaporate  to  dryness  and  dis- 
Mve  in  the  minimum  amount  of  hydrochloric  acid.  Transfer 
uantitatively  to  a  1000-ml.  volumetric  flask  and  dilute  to 
plume.  This  stock  solution  contains  1  mg.  of  iron  per  ml. 
Working  Standard.  Dilute  10  ml.  of  the  stock  solution  to 
300  ml.,  adding  a  few  drops  of  bromine  water  just-prior  to  ad- 
lsting  to  volume.  This  solution  contains  10  micrograms  of  iron 
er  ml. 

i  Sample  Preparation.  Transfer  an  accurately  weighed 
imple  (3  to  5  grams,  depending  on  the  suspected  iron  content) 
}  a  300-ml.  Kjeldahl  flask,  add  10  ml.  of  nitric  acid,  and  warm 
ightly  to  start  oxidation.  When  the  initial  oxidation  has  sub- 
ided,  add  2  ml.  of  concentrated  sulfuric  acid  and  boil  gently 
intil  charring  commences.  Prepare  liquid  samples  by  taking 
ppropriate  volumes,  depending  on  the  iron  content,  and  concen- 
•ating  to  a  small  volume  in  the  presence  of  10  ml.  of  nitric  acid 
efore  the  sulfuric  acid  is  added. 

Add  nitric  acid,  a  few  milliliters  at  a  time,  or  preferably,  drop- 
ise  until  the  oxidation  is  nearly  completed  as  evidenced  by 
aly  slight  darkening  upon  evolution  of  sulfur  trioxide  fumes. 
Amove  the  flame  and  allow  the  flask  to  cool  slightly.  Add  1 
d.  of  perchloric  acid  and  continue  heating  until  the  solution  has 
larified.  It  may  be  necessary  to  add  a  few  more  drops  of  nitric 
cid  at  this  point  to  complete  the  oxidation.  Heat  to  the  point 
here  copious  white  fumes  of  sulfur  trioxide  appear  and  the  per- 
iloric  acid  has  been  destroyed.  The  final  solution  should  be 
florless,  or,  at  most,  a  light  straw  color.  Cool,  add  40  ml.  of 
^distilled  water,  and  boil  until  copious  white  fumes  of  sulfur  tri¬ 
ckle  again  appear.  Continue  heating  for  about  5  minutes  to 
ssure  complete  oxidation  and  elimination  of  perchloric  and  nitric 
jcids.  Cool,  add  about  10  ml.  of  redistilled  water,  and  quanti- 
|itively  transfer  to  a  100-ml.  volumetric  flask  by  washing  with 
mall  portions  of  redistilled  water  until  the  volume  is  nearly 
00  ml.  Cool  to  room  temperature  and  dilute  to  volume. 

.  Alternate  Method  of  Sample  Preparation.  This  method 
i  particularly  advantageous  for  foods  of  high  fat  content, 
i  Transfer  an  accurately  weighed  sample  to  a  300-ml.  Kjeldahl 
ask,  add  5  ml.  of  30%  hydrogen  peroxide  and  2  ml.  of  concen- 
•ated  sulfuric  acid,  and  heat  gently  until  charring  commences. 


Add  5  ml.  more  of  the  30%  hydrogen  peroxide  and  continue  heat¬ 
ing  until  charring  again  occurs.  Proceed  as  in  the  regular 
method,  beginning  with  the  addition  of  the  nitric  acid,  a  few 
milliliters  at  a  time. 

Procedure.  Transfer  a  25-ml.  aliquot  of  the  prepared  solu¬ 
tion  to  a  125-ml.  separatory  funnel  and  add  exactly  5  ml.  of  con¬ 
centrated  hydrochloric  acid.  Add  1  ml.  of  2%  potassium  per¬ 
sulfate  and  swirl  the  separatory  funnel  to  ensure  complete  mixing. 
Add  exactly  10  ml.  of  the  20%  potassium  thiocyanate  reagent  to 
develop  the  color,  then  add  exactly  25  ml.  of  isobutyl  alcohol  and 
shake  for  2  minutes.  Draw  off  and  discard  the  aqueous  layer. 
Invert  and  slowly  revolve  the  funnel  to  dislodge  any  water  par¬ 
ticles  clinging  to  the  walls  and  allow  to  stand  for  10  minutes. 
Draw  off  the  small  amount  of  water  which  has  separated  from  the 
alcohol,  and  transfer  the  alcohol  layer  to  a  dry  50-ml.  Erlen- 
meyer  flask.  Immediately  prior  to  reading  the.%  transmission  add 
a  small  amount  (about  0. 1  gram)  of  anhydrous  sodium  sulfate  and 
agitate,  to  remove  suspended  particles  of  water  from  the  alcohol 
extract.  Read  at  485  millimicrons,  setting  a  reagent  blank  at 
100%  transmission.  Obtain  the  micrograms  of  iron  from  a  stand¬ 
ard  curve  and  convert  to  p.p.m. 

If  the  color  is  too  intense  to  read  (in  excess  of  50  micrograms) 
repeat  the  determination,  using  a  smaller  aliquot  of  the  prepared 
sample.  As  it  is  important  that  the  volume  ratio  be  kept  con¬ 
stant,  the  difference  in  the  aliquot  size  must  be  made  up  by  the 
addition  of  redistilled  water — for  example,  if  a  15-ml.  atiquot  is 
used  in  place  of  the  usual  25-ml.,  correct  the  difference  in  volume 
by  adding  10  ml.  of  redistilled  water. 

Preparation  of  Standard  Curve.  Develop  the  color  on 
increments  of  the  working  standard  in  the  range  of  0  to  60  micro¬ 
grams  of  iron.  A  convenient  formula  to  follow  is: 

5  ml.  of  concentrated  hydrochloric  acid 

x  ml.  of  standard 

(25  —  i)  ml.  of  redistilled  water 

From  this  point  proceed  exactly  as  outlined  in  the  method, 
beginning  with  the  addition  of  the  potassium  persulfate.  Plot 
per  cent  transmission  against  the  concentration  on  semilogarith- 
mic  paper. 


Table  II.  Analyses  of  Foods 


Product 


Whole-kernel  yellow  corn 
Peas 

Tomatoes 
Lima  beans 

Blackberry  jam  with  added  guava 

Sliced  bacon 

Pork  sausage  meat 

Wheat  and  soy  egg  noodles 

Flour,  enriched 

Rice,  converted,  samples  representing 
various  stages  in  milling  process 
Sample  A 
Sample  B 
Sample  C 
Sample  D 
Sample  E 

Patent  flour,  unenriched  & 

Patent  flour,  enriched  with  ferrum 
reductum& 

Bread  made  from  enriched  flour& 

Whole  wheat  flour  & 

Bread  made  from  whole  wheat  flour& 
Powdered  whole  milk 
Powdered  whole  milk 
Evaporated  milk 


Iron  Iron® 
Content  Added 


P.p.m. 

P.p.m. 

5.7 

6.0 

19.1 

6.0 

6.5 

6.5 

14.6 

3.7 

7.3 

5.5 

7.3 

4.8 

15.1 

3.8 

39.7 

10.0 

27.7 

10.0 

3.4 

10.0 

8.8 

10.0 

13.2 

15.0 

16.5 

10.0 

45.9 

15.0 

8.3 

10.0 

30.6 

5.0 

32.8 

5.0 

37.3 

10.0 

39.5 

5.0 

4.0 

4.0 

4.1 

6.0 

4.0 

2.0 

Total 

Total 

ton  Cal¬ 

Iron 

culated 

Found 

P.p.m. 

P.p.m. 

11.7 

11.7 

25.1 

25.4 

13.0 

12.5 

18.3 

18.2 

12.8 

12.5 

12.1 

11.9 

18.9 

18.8 

49.7 

49.8 

37.7 

37.7 

13.4 

13.5 

18.8 

18.8 

28.2 

28.3 

26.5 

26.5 

60.5 

60.7 

18.3 

18.2 

35.6 

35.5 

37.8 

37.7 

47.3 

47.5 

44.5 

44.5 

8.0 

8.0 

10.1 

10.6 

6.0 

6.0 

°  Iron  added  prior  to  digestion  of  sample. 

b  Submitted  by  Methods  Committee  of  American  Association  of  Cereal 
Chemists. 


DISCUSSION 

Contamination  by  fly  ash  so  prevalent  in  industrial  areas  may 
be  reduced  to  a  minimum  by  acid  digestion  of  the  samples  in 
Kjeldahl  flasks.  Thus  the  chief  sources  of  contamination  in  the 
proposed  method  lie  in  the  reagents.  Sulfuric  acid  is  the  most 
frequent  offender,  but  occasional  lots  of  potassium  thiocyanate 
and  anhydrous  sodium  sulfate  have  proved  unsatisfactory.  In 
all  cases  reagent  blanks  should  be  run  to  determine  the  quality  of 
new  reagents.  The  author  has  found  that,  even  in  cases  of  re¬ 
agent  contamination,  exact  control  of  all  volumes  makes  it  pos¬ 
sible  to  obtain  satisfactory  recoveries.  In  one  instance,  a  badly 
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contaminated  lot  of  sulfuric  acid  resulted  in  a  blank  of  75%  trans¬ 
mission  when  compared  to  isobutyl  alcohol  set  at  100%,  but 
several  points  were  checked  on  the  standard  curve  with  good 
agreement.  Volumetric  transfer  pipets  should  be  used  through¬ 
out  the  method,  so  that  the  iron  contamination  due  to  a  reagent 
will  be  kept  absolutely  constant  throughout  the  blanks  and  the 
determinations.  The  addition  of  the  redistilled  nitric  acid  dur¬ 
ing  the  sample  preparation  need  not  be  critically  controlled,  as 
this  reagent  will  be  iron-free. 


Microgr-c*ms  of  Iron 

Figure  1.  Standard  Curve 


The  separation  of  the  last  traces  of  water  from  the  isobutyl 
alcohol  must  be  carefully  controlled.  Following  the  first  separa¬ 
tion  the  ratio  of  alcohol  to  water  becomes  very  large,  and  if  at 
this  point  more  than  gentle  revolving  of  the  flask  is  used  a  slight 
emulsion  may  occur.  This  will  result  in  slow  separation  of  water 
and  may  produce  erratic  results.  Centrifuging  will  correct  this 
difficulty.  However,  if  the  method  is  closely  followed,  clean 
separations  may  be  easily  obtained. 

The  quantity  of  anhydrous  sodium  sulfate  added  to  the  final 
extraction  should  be  only  sufficient  to  clarify  the  alcohol  solution 
of  suspended  water.  If  more  than  the  specified  amount  is  added, 
the  equilibrium  between  the  dissolved  water  and  the  alcohol  may 
be  upset,  resulting  in  the  separation  of  a  substantial  portion  of  the 
dissolved  water.  With  a  few  preliminary  trials  an  analyst  can 
easily  estimate  the  amount  to  be  added  when  using  a  small 
spatula,  or,  preferably,  a  scoopula. 

The  proposed  method  has  proved  entirely  satisfactory  when 
applied  to  a  wide  variety  of  food  products  (Table  II).  The  re¬ 
coveries  have  been  better  than  ±0.5  p.p.m.  As  a  further  test  of 
its  reliability  it  has  been  submitted  to  three  laboratories  for  addi¬ 
tional  checking  and  verification.  One  laboratory  working  with 
cereal  products  did  not  submit  data  obtained  by  the  method  but 
commented  that  it  gave  results  in  good  agreement  with  values 
obtained  by  other  methods  (I).  Two  laboratories  applied  it  to 
products  that  offer  particularly  difficult  problems — beer  with 
high  phosphorus  content  and  spray-dried  whole  milk  and  nonfat 
dry  milk  solids  representing  high-calcium  foods.  The  results 
submitted  by  these  two  laboratories  are  shown  in  Table  III. 


The  sensitivity  of  the  method  is  exhibited  by  data  obtained 
using  two  types  of  instruments.  When  the  Coleman  Universal 
spectrophotometer  with  13-mm.  cuvettes  is  used,  the  maximum 
range  is  from  0  to  70  micrograms  of  iron  (Figure  1),  representing 
a  desirable  working  range  of  3  to  50  micrograms.  O’Malley  (6) 
reports  that  using  a  Pfaltz  and  Bauer  fluorophotometer  as  a  filter 
photometer  the  maximum  range  was  found  to  be  from  0  to  30 
micrograms  of  iron.  This  instrument  uses  a  cuvette  with  a 
greater  transmission  path.  The  sensitivity  of  the  Coleman 
Universal  spectrophotometer  may  be  correspondingly  increased 
by  using  the  larger  cuvettes  and  the  special  cuvette  carrier  avail¬ 
able  for  this  instrument,  as  the  volume  of  the  isobutyl  alcohol 
extract  is  sufficiently  large  to  be  read  in  the  larger  cuvettes.  For 
general  work  the  13-mm.  cuvettes  are  very  satisfactory,  as  a  wide 
range  of  iron  concentration  can  be  covered.  For  very  low  con¬ 
centration  where  small  samples  are  prepared,  it  is  advantageous 
to  use  the  larger  cuvettes. 


Table  III.  Analyses  of  Foods  by  Cooperating  Laboratories 

Total  Total 


Iron 

Iron 

Iron  Cal¬ 

Iron 

Product 

Content 

Added0 

culated 

Found 

Dry  whole  milk  (spray)  & 

P.p.m. 

P.p.m. 

P.p.m. 

P.p.m. 

Sample  1 

'3.5 

8.0 

11.5 

12.2 

Sample  2 

1.8 

8.0 

9.8 

9.2 

Sample  3 

6.8 

10.0 

16.8 

16.4 

Sample  4 

3.3 

8.0 

11.3 

10.8 

Sample  5 

7.6 

Sample  5  (duplicate  determination) 

7.2 

, . 

Sample  6 

6.6 

Sample  6  (duplicate  determination) 

6.4 

Sample  7 

4.0 

, , 

. . 

Sample  7  (duplicate  determination) 

4.8 

Nonfat  dry  milk  solids  (spray)  & 

Sample  1 

4.2 

8.0 

12.2 

12.0 

Sample  2 

6.8 

Sample  2  (duplicate  determination) 

7.2 

.  . 

. . 

.  • 

Sample  3 

6.8 

.  . 

Sample  3  (duplicate  determination) 

6.8 

•• 

•• 

Beerc 

Sample  A 

0.24 

0.80 

1.04 

1.04 

Sample  B 

0.22 

0.80 

1.02 

1.12 

Sample  C 

0.22 

0.80 

1.02 

1.08 

Sample  D 

1.22 

0.80 

2.02 

2.00 

Sample  E 

0.38 

0.80 

1.18 

1.10 

Sample  F 

0.20 

0.80 

1.00 

1.00 

°  Iron  added  prior  to  digestion  of  sample. 

&  Data  submitted  by  American  Dry  Milk  Institute,  Laboratory  Depart 
ment,  Chicago,  Ill. 

c  Data  submitted  by  Continental  Can  Co.,  Research  Department,  Chi 
cago,  Ill. 
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Determining  Ascorbic  Acid  in  Large  Numbers 

of  Plant  Samples 

E.  H.  LUCAS,  Michigan  Agricultural  Experiment  Station,  East  Lansing,  Mich. 


^  procedure  for  the  determination  of  ascorbic  acid  in  plant  material 
;  described  which  has  been  found  useful  in  plant  breeding  and  other 

fant  research.  It  allows  the  rapid  determination  of  ascorbic  acid  in  a 
rge  number  of  samples  of  plant  material  with  a  satisfactory  degree  of 
curacy. 

' 

N  THE  course  of  plant  breeding  experiments  the  author  de¬ 
sired  to  know  the  ascorbic  acid  content  of  many  plants  at 
ifferent  stages  of  development.  Available  methods  for  the 
stermination  of  this  substance  in  plants  were  too  time-consum- 
ig  to  assure  a  reliable  comparison  of  values  from  different  sources 
lasmuch  as  changes  might  occur  in  the  tissue  while  awaiting 
lalysis.  Hence  it  seemed  imperative  to  devise  a  method  which 
lould  permit  the  assay  of  many  samples  in  the  shortest  possible 
me.  This  paper  describes  a  procedure  which  has  enabled  the 
ithor  and  three  student  assistants  to  make  500  assays  for  as- 
»rbic  acid  per  day  and  to  compare  the  results  thus  obtained 
ith  those  of  published  methods. 

It  was  obvious  from  early  experiments  that  a  more  effective 
id  rapid  means  of  disintegrating  plant  tissue  than  hand  grind- 
g  was  necessary  in  order  to  gain  speed  in  the  assay  as  a  whole, 
ence  a  mechanical  device  (Figure  1)  which  makes  possible  the 
nultaneous  disintegration  of  ten  samples  within  2  to  6  minutes, 
pending  upon  the  texture  of  the  tissue,  was  designed  for  the 
irpose  and  constructed  in  the  machine  shop  of  Michigan  State 
bllege. 

GRINDING  MACHINE 

As  shown  by  Figure  1  this  machine  consists  of  a  metal  frame 
nich  supports  a  row  of  ten  metal  seats,  each  holding  a  porcelain 
p  75  mm.  high  and  45  mm.  in  diameter.  Porcelain  pestles  are 
tached  to  tapered  chucks  similar  to  those  used  in  drill  presses 
d  are  driven  from  a  common  horizontal  shaft  by  means  of 
Its  and  quarter- turn  pulleys.  Pressure  on  the  pestle  shafts 
n  be  varied  by  changing  the  position  of  the  weights  on  the 
nzontal  levers  shown.  Additional  pressure  can  be  obtained 
;r  holding  down  the  levers  singly  or  simultaneously  with  a  cross 

While  this  investigation  was  in  progress,  Morell  ( 7 )  published 
(method  which  possessed  certain  advantages  but  was  still  in¬ 


adequate  for  the  author’s  purpose.  Morell  made  use  of  the  so- 
called  Waring  Blendor  for  the  maceration  of  plant  samples. 
The  efficiency  of  this  Blendor  was  compared  with  that  of  the 
grinding  machine  described.  The  Blendor  .permits  the  use  of 
much  larger  samples,  and  therefore  reduces  the  error,  but  this 
advantage  is  lost  if  very  small  samples  have  to  be  disintegrated. 
Furthermore,  the  Blendor  is  ineffective  for  macerating  certain 
types  of  plant  material,  such  as  seeds  and  fibrous  tissue.  These 
difficulties  could  not  be  overcome  by  the  use  of  smaller  Blendor 
cups  as  described  by  Davis  (3)  and  Benne  (1). 

ASSAY 

The  Waring  Blendor  was  used  in  most  cases,  but  where  it  did 
not  work  well  with  a  particular  tissue  the  grinding  machine  was 
used. 

A  new  method  of  handling  very  large  samples,  especially  if  a 
number  of  leafy  plants  should  be  examined  together,  has  been 
successfully  tested.  A  small  portion  of  a  sample  is  placed  in  the 
container  with  the  liquid  necessary  for  the  extraction,  and  the 
machine  is  operated  long  enough  to  obtain  a  homogeneous  mix¬ 
ture.  The  mixer  is  stopped,  another  part  of  the  sample  is  added, 
and  the  procedure  is  continued  until  the  entire  sample  has  been 
disintegrated.  In  such  a  manner,  voluminous  samples  weighing 
over  100  grams  can  be  analyzed,  but  the  extracts  are  rather  vis¬ 
cous,  and  the  filtration  is  therefore  slow.  If  the  extract  appears 
to  be  too  viscous,  the  amount  of  liquid  should  be  increased. 
From  the  standpoint  of  accuracy  a  large  sample  is  preferred. 

If  the  grinder  is  used,  the  weight  of  samples  should  not  exceed 
5  grams. 

The  titration  is  carried  out  with  a  rather  concentrated  solu¬ 
tion  of  2,6-dichlorophenolindophenol  using  a  microburet.  Flat 
dishes  of  glazed  porcelain  or  sillimanite  have  been  found  ex¬ 
tremely  useful  as  containers.  The  small  amount  of  extract  is 
placed  in  their  inner  rim  by  means  of  a  suitable  pipet.  The  dish 
is  held  at  an  angle  of  approximately  60°  (Figure  2)  and  gently 
rotated  in  the  same  plane  through  a  short  arc.  By  this  means 
the  liquid  is  moved  enough  to  ensure  its  immediate  mixture  with 
the  dye  which  is  added  drop  by  drop  from  the  microburet.  This 
is  a  very  convenient  procedure  because  the  titration  is  com¬ 
pleted  rapidly  and  the  end  point  is  seen  much  more  clearly  than 
in  any  other  way. 

Reagents.  Metaphosphoric  acid,  20%  stock  solution. 
Dissolve  200  grams  of  metaphosphoric  acid  sticks  in  cold  dis¬ 
tilled  water,  filter,  and  dilute  to  1  liter.  Use  one  part  of  the 
stock  solution  and  9  parts  of  distilled  water  for  extractions  in  the 
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Table  I.  Stability  of  2%  Metaphosphoric  Acid  Solution 
Stored  at  4° 

(As  shown  by  ascorbic  acid  values  of  extracts) 

, - Ascorbic  Acid  Found - 


Cauliflower, 

Mustard, 

HPOs 

Tomato  juice, 
home  made 

Purple  Head, 
"curd” 

Tendergreen, 

Stored 

leaves 

Days 

Mg.  per  100  grams  of  material  used 

0 

12 

67 

166 

5 

13 

67 

166 

10 

12 

67 

167 

15 

12 

67 

162 

20 

12 

67 

165 

30 

12 

67 

160 

40 

11 

64 

148 

Table  II.  Stability  of  Sodium  2,6-Dichlorobenzenoneindophenol  in 
Aqueous  Solution  at  4° 

[As  compared  by  standardization  after  Menaker  and  Guerrant  (5),  expressed 
as  percentage  of  value  obtained  on  first  day] 

0  5  days  10  days  15  days  20  days  25  days 

100  99.7  100  100  96.5  94.3 


Table  III.  Ascorbic  Acid  in  Fresh  Plant  Material 


- - As( 

sorbic  Acid  Found 

a 

Waring 

Grinding 

Hand 

Plant  Material 

Blendor 

machine 

grinding 

Mg.  per  100  grams  of  fresh  material 

Cabbage,  wrapper  leaves 
Caulifower,  “curd” 

81  ±  0.21b 

81  ±  0.21 

80  ±  0.15 

89  ±  0.17 

88  ±  0.19 

92  ±  0.32 

Gladiolus,  leaves 

316  ±  0.86 

342  ±1.38 

322  ±  0.90 

Mustard,  leaves 

156  ±  0.87 

149  ±  0.86 

150  ±  0.86 

Pepper,  green  fruit 

161  ±  0.45 

161  ±  0.61 

157  ±  0.82 

Tomato,  fruit 

25  ±  0.38 

24  ±  0.36 

26  ±  0.38 

°  Means  of  25  determinations. 
b  Standard  deviation  of  mean. 


mixer  (2%  solution).  All  concentrations  can  be  stored  in  the 
refrigerator  at  0°  to  5°  C.  for  30  days  (Table  I). 

Sodium  2,6-dichlorobenzenoneindophenol  solution.  Dissolve 
200  mg.  in  100  ml.  of  warm  distilled  water,  filter,  and  dilute  to  1 
liter.  When  stored  in  the  refrigerator  the  solution  remains  us¬ 
able  for  at  least  2  weeks  (Table  II) . 

Procedure  with  Blendor.  One  hundred  milliliters  of  2% 
metaphosphoric  acid  are  pipetted  into  the  dry  glass  container 
of  the  Blendor.  The  material  to  be  examined  (10  to  more  than 
100  grams)  is  weighed  to  the  nearest  0.1  gram,  as  suggested  by 
Morell  (7),  and  placed  in  the  acid.  The  Blendor  is  operated  for 
2  to  5  minutes,  depending  on  the  kind  and  quantity  of  plant 
material.  The  liquid  is  filtered  through  qualitative  filter  paper 
(Green  Nos.  488  and  704  were  used  in  these  experiments)  into 
a  125-ml.  Erlenmeyer  flask.  Aliquots  of  0.1  to  5  ml.  depending 
on  the  expected  ascorbic  acid  content  of  the  extract,  are  taken  by 
pipet  and  titrated. 

Procedure  with  Grinding  Machine  (Semimicromethod). 
Three  milliliters  of  20%  metaphosphoric  acid  are  pipetted  into 
the  grinding  cups.  The  samples  (different  tissues  or  duplicates, 
as  desired),  weighed  accurately  to  the  second  decimal,  are  placed 
in  the  cups,  and  a  small  amount  of  quartz  sand  is  added.  The 
samples  are  ground  for  2  to  6  minutes,  27  ml.  of  distilled  water 
are  added  to  bring  the  solution  to  a  concentration  of  approxi¬ 
mately  2%  metaphosphoric  acid  and  the  mixture  is  stirred  briefly 
and  gently  and  filtered  through  qualitative  paper. 

DISCUSSION 

Ascorbic  acid  concentration  in  samples  of  various  plant  ma¬ 
terial  as  obtained  by  different  methods  of  maceration  was  de¬ 
termined  on  a  large  scale  (Table  III).  In  all  instances,  when  firm 
tissue  was  ground,  the  results  of  machine  grinding  were  higher 
than  those  of  hand  grinding,  which  may  be  explained  by  the  fact 
that  hand  grinding,  when  performed  over  a  longer  period,  is 
tiresome  and  thus  lowers  efficiency.  This  is  evident  from  the 
table  inasmuch  as  cabbage,  gladiolus,  and  pepper  represented 
samples  with  comparatively  firm  tissue.  Hand  grinding  gave 
lower  yields  of  ascorbic  acid  in  these  cases  if  it  was  compared 
with  the  average  of  both  machine  grinding  methods.  In  the 
case  of  gladiolus  the  Waring  Blendor  did  not  work  satisfactorily, 
however,  since  the  blades  did  not  completely  disintegrate  the 
fibrous  leaves. 


In  the  comparison  of  the  different  ways  of  disintegrating 
plant  material  (Table  III)  it  was  necessary  to  use  sample 
of  different  sizes  according  to  the  means  of  maceration  employed 
the  samples  prepared  for  the  Blendor  weighing  20  grams,  thos 
to  be  ground  2  grams.  The  small  samples  were  selected  as  repre 
sentative  portions  from  the  large  ones,  which  were  then  reduce' 
to  the  weight  of  20  grams. 

Filtration  Versus  Centrifugation.  Centrifuging  samples 
as  used  in  the  standard  method,  slows  up  the  process.  I 
has  been  proved  by  numerous  comparative  tests  that  no  losse 
of  any  significance  occur  if  the  extract  to  be  tested  is  filtere 
through  paper  instead  of  being  centrifuged.  An  extensiv 
survey  is  given  in  Table  IV  on  the  basis  of  500  tests  made  wit 
various  plant  material.  The  plant  tissue  was  disintegrated  i 
the  Waring  Blendor  and  half  of  the  extract  was  filtered  throug 
folded  filter  Green  No.  488  while  the  other  half  was  centrifuge 
for  10  minutes.  The  saving  of  time  is  clearly  indicated  by  th 
fact  that  enough  filtrate  was  available  for  titration  in  the  averag 
case  within  3  minutes,  whereas  it  took  nearly  15  minutes  to  brin 
a  centrifuged  sample  to  that  point.  The  results  justify  tt 
abandonment  of  centrifugation  in  favor  of  filtration. 


Figure  2.  Glazed  White  Dishes  for 
Microtitrations 


Titration.  Comprehensive  comparisons  were  made  betwe 
titration  and  colorimetric  determination  as  developed  by  Mind] 
and  Butler  (6)  and  Bessey  (2)  and  used  in  many  later  modific 
tions,  as,  for  instance,  the  one  proposed  by  Morell  (7).  The  cole 
imetric  determinations  were  made  by  means  of  a  Coleman  Ui 
versal  spectrophotometer  at  the  laboratory  of  the  Departme 
of  Foods  and  Nutrition  of  Michigan  State  College  and  a  Cen 
photelometer  at  the  Section  of  Agricultural  Chemistry,  Michig; 
Agricultural  Experiment  Station.  The  plant  samples  were  maci 
ated  in  the  Waring  Blendor,  and  the  extract  was  divided  in  halv 
after  filtration  and  examined  immediately.  The  results  are  giv 
in  Table  V.  In  some  instances  a  significant  difference  appears 
exist  between  the  results  obtained.  However,  higher  readin 
were  obtained  in  approximately  as  many  cases  with  one  meth 
as  with  the  other.  It  is  concluded,  therefore,  that  titration  cij 
under  certain  conditions,  well  replace  the  more  time-consumi| 
colorimetric  determination. 

After  the  termination  of  these  studies  Loeffier  and  Pontil 
(4)  published  their  adaptation  of  the  photometric  method  | 
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Table  IV.  Ascorbic  Acid  in  Filtered  and  Centrifuged  Plant 

Extracts 

Ascorbic  Acid  Found*1 

Plant  Materia)  Filtered  Centrifuged 


Mg./ 100  g.  of  material  used 


Basswood,  leaves  (July) 

70 

±  0.431* 

71 

±0.45 

Beans,  string,  fresh 

Variety  1 

16 

±0.30 

16 

±  0.36 

’  Variety  2 

10 

±  0.21 

10 

±0.23 

Variety  3 

10 

±0.13 

10 

±  0.15 

Variety  4 

26 

±0.30 

26 

±0.26 

Variety  5 

15 

±0.23 

15 

±  0.21 

;  Beans,  string,  dehydrated 

Variety  6 

16 

±  0.15 

16 

±0.10 

i  Variety  7 

9 

±0.27 

9 

±0.22 

Variety  8 

9 

±  0.18 

9 

±0.13 

Variety  9 

17 

±0.23 

17 

±  0.18 

Variety  10 

38 

±0.35 

38 

±0.20 

Cabbage,  heads 

Variety  1 

47 

±  0.18 

48 

±0.29 

Variety  2 

38 

±0.22 

38 

±  0.13 

Variety  3 

32 

±0.22 

34 

±  0.18 

Variety  4 

46 

±0.20 

47 

±0.22 

Variety  5 

37 

±0.23 

37 

±  0.16 

Variety  6 

37 

±0.16 

36 

±  0.15 

Vareity  7 

33 

±  0.16 

34 

±0.16 

Variety  8 

46 

±0.22 

46 

±0.22 

Variety  9 

50 

±  0.21 

50 

±  0.15 

Cabbage,  leaves  of  flowering  plant 

Sample  1 

129 

±0.43 

129 

±0.43 

Sample  2 

162 

±0.33 

159 

±0.87 

Cauliflower,  “curd” 

Sample  1 

77 

±  0.23 

77 

±  0.23 

Sample  2 

103 

±0.50 

103 

±0.53 

Cauliflower,  leaves 

74 

±0.58 

74 

±0.58 

Dandelion,  flow’ers 

21 

±0.30 

21 

±0.33 

Kohlrabi,  edible  portion 

75 

±0.23 

75 

±0.22 

Kohlrabi,  leaves 

146 

±0.65 

145 

±0.53 

Mustard  leaves  (grown  in  greenhouse) 

Sample  1 

76 

±0.40 

75 

±0.34 

Sample  2 

73 

±0.29 

72 

±0.38 

Sample  3 

65 

±0.23 

65 

±  0.31 

Sample  4 

48 

±0.35 

49 

±0.16 

Sample  5 

99 

±  0.37 

98 

±0.34 

Pepper,  green  fruit 

Sample  1 

157 

±1.08 

160 

±1.09 

Sample  2 

257 

±1.65 

257 

±1.66 

Pepper,  leaves 

Sample  1 

98 

±  0.81 

98 

±0.76 

Sample  2 

167 

±1.48 

167 

±1.37 

Radish,  tops  (grown  in  greenhouse) 

82 

±0.55 

80 

±  0.31 

Red  maple,  blossoms 

155 

±1.61 

156 

±1.50 

Ribes  aureum,  blossoms 

61 

±0.62 

60 

±0.57 

Tomato,  fruit 

Variety  1 

17 

±0.37 

17 

±0.54 

Variety  2 

23 

±0.42 

23 

±  0.51 

Variety  3 

31 

±0.38 

30 

±  0.27 

Variety  4 

35 

±0.33 

35 

±  0.25 

Variety  5 

29 

±0.34 

28 

±0.26 

Variety  6 

28 

±0.39 

29 

±0.39 

Variety  7 

19 

±  0.31 

19 

±  0.20 

Variety  8 

24 

±0.20 

24 

±  0.15 

Variety  9 

25 

±0.26 

24 

±0.21 

Variety  10 

23 

±0.27 

24 

±  0.31 

“  Means  of  10  determinations. 

&  Standard  deviation  of  mean. 

• 

ascorbic  acid  determination.  They  emphasized  the  fact  that 
“some  analysts  still  use  the  erratic  titration  with  an  unbuffered 
acid”  and  mentioned  5%  sulfuric  acid  plus  2%  metaphosphoric 
acid  in  particular,  as  used  by  Mack  and  Tressler.  They  showed 
graphically  the  rate  of  fading  of  the  indophenol  reagent  as  caused 
by  various  acids  in  the  absence  of  ascorbic  acid.  Although  the 
diagram  indicated  that  metaphosphoric  acid  does  not  cause  much 
fading,  it  was  considered  appropriate  to  examine  the  conditions 
which  exist  during  titration  with  an  unbuffered  acid. 

Solutions  of  ascorbic  acid  in  1,  2,  3,  5,  and  10%  metaphos¬ 
phoric  acid,  in  5%  sulfuric  plus  2%  metaphosphoric  acid,  and  in 
0.4%  oxalic  acid,  as  recommended  by  Loeffler  and  Ponting  (4), 
were  prepared  and  tested  (Table  VI).  Three  kinds  of  plant 
material,  tomato  fruits,  tomato  leaves,  and  leaf  lettuce,  were 
extracted  with  equal  amounts  of  1,  2,  3,  5,  and  10%  metaphos¬ 
phoric  acid,  5%  sulfuric  acid  plus  2%  metaphosphoric  acid,  and 
0.4%  oxalic  acid.  The  plant  material  was  cut  in  small  pieces, 
mixed  thoroughly,  and  then  divided  in  equal  portions  wThich 
were  blended  with  the  different  acid  solutions  in  a  Waring 
Blendor.  Table  VII  shows  the  ascorbic  acid  values  found  in 
these  samples;  5  and  10%  metaphosphoric  acid  caused  some  fad¬ 
ing  of  the  dye  but  the  only  serious  case  was  represented  by  sul¬ 
furic  plus  metaphosphoric  acid  where  a  very  considerable  fading 
occurred.  This  confirms  Loeffler  and  Ponting’s  findings.  For 


unknown  reasons  there  was  much  less  interference  of  the  strong 
acids  when  certain  plant  material  was  used.  The  conclusion 
can  be  drawn  that  1  to  3%  metaphosphoric  acid  can  be  used  for 
titration  with  no  loss  of  ascorbic  acid  due  to  insufficient  extraction 
and  without  the  danger  of  destruction  of  the  dye  by  the  extracting 
acid. 

In  addition,  the  action  of  several  concentrations  of  meta¬ 
phosphoric  acid  on  the  indophenol  dye  was  observed.  Fading 
of  the  dye  could  be  seen  in  10%  metaphosphoric  acid  if  the  solu¬ 
tions  were  mixed  and  allowed  to  stand  for  2  to  3  minutes.  How¬ 
ever,  after  3  minutes  the  degree  of  fading  was  not  sufficient  to 
cause  an  error  of  more  than  3%  in  titration  of  ascorbic  acid  pres¬ 
ent  in  the  metaphosphoric  acid.  This  is  immaterial  in  view  of 
the  fact  that  titrations  as  used  in  the  procedure  described  re¬ 
quire  no  more  than  an  average  of  one  minute  each.  Furthermore, 
much  weaker  concentrations  of  metaphosphoric  acid  are  used 
in  titrations  with  dichlorobenzenoneindophenol. 

It  is  concluded  that  titrations  as  used  in  the  procedure  pre¬ 
sented  can  be  accomplished  safely  and  reliably  with  unbuffered 
solutions. 
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Table  V.  Ascorbic  Acid  Val 

ues  of  Fresh  Plant  Materials 

Ascorbic  Acid  Found1 

Plant  Material 

Titration 

Colorimetry 

Mg./ 100  g. 

of  material  used 

Cabbage,  Golden  Acre,  sections  of 

head 

30.9  ±0.396 

30.5  ±  0.01 

Cabbage,  Golden  Acre,  wrapper 

leaves 

81.7  ±  0.16 

82.0  ±0.09 

Cabbage,  Wisconsin  Hollander,  sec¬ 
tions  of  head 

Sample  1 

36.6  ±0.13 

38.2  ±  0.07 

Sample  2 

46.2  ±  0.09 

45. 1  ±  0.01 

Sample  3 

37.1  ±0.09 

50.3  ±0.12 

Sample  4 

42.0  ±0.10 

44.1  ±0.01 

Cabbage,  Wisconsin  Hollander, 
wrapper  leaves 

Sample  1 

92.6  ±0.07 

92.7  ±  0.01 

Sample  2 

91.8  ±  0.08 

89.4  ±0.01 

Sample  3 

95.5  ±0.06 

97.6  ±0.01 

Sample  4 

99.1  ±0.07 

93.1  ±0.01 

Pepper,  Harris  King  of  the  North, 
green  fruit 

Sample  1 

127.6  ±  0.10 

123.6  ±0.01 

Sample  2 

156.9  ±  0.12 

162.5  ±0.10 

Sample  3 

141.4  ±  0.14 

144.0  ±  0.02 

Sample  4 

138.2  ±0.12 

141.4  ±  0.12 

Gladiolus,  Orange  King,  leaves 

Sample  1 

374.9  ±0.21 

360.7  ±0.54 

Sample  2 

323.1  ±0.62 

312.2  ±  0.35 

Sample  3 

327.4  ±0.32 

335.9  ±0.30 

°  Means  of  10  determinations. 
&  Standard  deviation  of  mean. 


Table  VI.  Titration  Values  of  Ascorbic  Acid  Dissolved  in  Meta¬ 
phosphoric  and  Other  Acids 


Acid  Concentration 

Ascorbic  Acid  Values*1 

1%  hpo3 

100 

2%  HP03 

100 

3%  HP03 

100 

5%  HP03 

102 

10%  HPOn 

104 

5%  H2SO4  +  2%  HP03 

125 

0.4%  (COOH)2 

100 

a  Expressed  as  percentage  of  value  obtained  in  2%  HPO3. 


Table  VII.  Titration  Values  of  Ascorbic  Acid 

Greenhouse 


Tomatoes 

Tomato 

Greenhouse 

Extracting  Acid  (Immature  Fruits) 

Leaves 

Leaf  Lettuce0 

Mg.  per  100  grams  of  material  used 

1%  HP03 

12 

22 

12 

2%  HPOo 

12 

22 

14 

3%  HPOj 

12 

21 

13 

5%  HPOs 

12 

24 

13 

10%  HPOs 

13 

25 

13 

5%  H2SO4  +  2%  HPOs 

13 

28 

15 

0.4%  (COOH)j 

11 

21 

14 

“  Average  values  of  two  varieties. 
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BOOK  REVIEW 


Laboratory  Experiments  in  Biological  Chemistry.  James  B.  Sumner 

and  G.  Fred  Somers.  169  pp.,  17  figures.  Academic  Press,  Inc., 

New  York,  N.  Y.,  1944.  Price,  $2.60. 

This  volume  was  written  as  a  laboratory  guide  for  a  course  given  to 
students  of  biochemistry  at  Cornell  University.  In  the  words  of  the 
author,  “it  is  intended  to  be  .  .  .  general  and  to  provide  fundamental 
training  in  laboratory  biochemistry  to  students  in  any  field  of  study". 
It  consists  for  the  most  part  of  252  exercises  which  are  largely  written 
in  the  imperative,  and  with  a  minimum  of  detail  and  discussion. 

In  examining  this  small  volume,  the  reviewer  was  most  impressed 
by  the  amount  and  diversity  of  material  which  was  compressed  in  a 
small  space.  It  was  obviously  not  intended  to  cover  every  phase 
of  biochemistry,  being  most  deficient  in  clinical  procedures.  Short 
of  the  larger  reference  books,  it  gives  the  most  diverse  treatment  of 
the  chemical  phases  of  the  subject  that  the  reviewer  has  seen. 

The  greater  part  of  this  book  is  devoted  to  instructions  for  qualita¬ 
tive  testing  of  many  types  of  biological  materials.  It  even  includes 
more  or  less  systematic  procedures  for  identifying  unknown  fats,  car¬ 
bohydrates,  and  proteins  singly  and  in  mixtures.  From  the  stand¬ 
point  of  qualitative  biochemistry  alone,  this  little  volume  should  find 
a  useful  place  on  the  biochemist’s  bookshelf. 

The  quantitative  aspects  of  the  field  have  been  treated  much  less 
completely  than  the  qualitative.  Many  of  the  standard  analytical 
procedures  are  given  in  sufficient  detail  for  routine  performance,  and 
most  common  types  of  biochemical  analysis  are  included.  It  is  un¬ 
fortunate  that  most  of  the  quantitative  methods  are  old  ones  which 
are  widely  used  but  do  not  represent  the  best  analytical  procedures 
available  at  present.  In  this  respect,  this  book  will  not  serve  to 
advance  the  progress  of  quantitative  analysis  by  biochemists.  A 
large  proportion  of  the  methods  given  are  those  of  Folin,  in  original  or 
modified  form.  Phosphate  determination  is  made  by  the  old  method 
of  Fiske  and  Subbarow  and  the  Allen  modification.  No  mention  is 
made  of  the  very  advantageous  procedure  of  Berenblum  and  Chain. 
Similar  omissions  might  be  noted  for  most  of  the  quantitative  pro¬ 
cedures. 

An  unusual  feature  of  this  book  as  compared  with  others  of  the 
same  type  is  its  emphasis  on  safety  and  proper  practice.  This  is  a 
field  which  has  been  largely  neglected  in  college  textbooks  and  in 
teaching,  in  spite  of  the  example  of  industry,  where  safety  has  been 
a  primary  consideration  in  many  instances.  A  stronger  trend  in 
this  direction  is  greatly  to  be  desired. 

As  is  always  to  be  expected  in  a  first  edition,  some  minor  deficien¬ 
cies  and  inaccuracies  are  occasionally  apparent.  On  page  23,  it  is 
not  at  all  clear  how  a  student  is  to  “observe  the  absorption  band  in 
the  red  at  635  m/i”.  No  mention  is  made  of  the  use  of  any  disper¬ 
sion  device  for  the  purpose.  On  page  87,  the  description  of  the 
xanthoproteic  test  does  not  include  any  indication  of  the  group  in 
the  protein  molecule  which  gives  the  reaction,  except  for  the  state¬ 
ment:  “Benzene  compounds  react  with  nitric  acid  to  form  yellow 
nitro  compounds.  Picric  acid  is  an  example.  The  other  protein 
tests  uniformly  list  the  group  responsible  for  the  test.  The  statement 
on  page  12,  that  “centrifuge  tubes  that  are  heated  for  the  purpose  of 
drying  them  become  very  brittle  and  are  likely  to  break  while  being 
centrifuged”,  must  seem  surprising  to  one  familiar  with  glass  be¬ 
havior.  It  would  certainly  have  been  better  to  make  the  statement 
accurate  than  to  pass  the  phenomenon  of  strain  formation  off  as 
brittleness. 


The  treatment  of  electrometric  determination  of  pH  is  too  nearly 
complete  to  force  the  student  to  consult  a  better  reference,  but  is 
inadequate  as  a  complete  explanation  in  itself.  Similarly,  the 
treatment  of  colorimetry  and  the  “photoelectric  colorimeter”  leaves 
something  to  be  desired.  For  example,  the  discussion  of  Beer’s  law 
on  page  71  omits  the  very  important  fact  that  this  law  was  derived 
for  monochromatic  light  and  is  not  applicable  to  polychromatic  radia¬ 
tion.  This  omission  is  even  more  serious  in  the  discussion  on  page  37, 
of  the  Duboscq  colorimeter,  which  employs  white  light  and  approxi¬ 
mates  obedience  to  Beer’s  law  over  short  ranges  only.  This  fact 
was  tacitly  recognized  in  the  statement  “the  concentration  of  the 
unknown  cannot  be  determined  accurately  in  many  cases  if  it  differs 
too  greatly  from  the  concentration  of  the  standard”.  On  page  73,  the 
injunction  to  use  test-tube  type  absorption  cells  which  “are  of  uni¬ 
form  thickness  all  the  way  around  and  are  perfectly  round”  will  cer¬ 
tainly  discourage  the  conscientious  student.  Studies  of  hundreds  of 
such  tubes  have  failed  to  produce  even  one  which  meets  the  above 
specifications.  It  would  have  been  more  nearly  in  the  realm  of 
possibility  to  require  that  tubes  be  matched  with  respect  to  rotation 
and  used  in  the  positions  in  which  such  matches  were  found. 

Typography,  make-up,  and  binding  of  the  book  are  very  satis¬ 
factory.  The  printing  is  clear  and  remarkably  free  of  typographical 
errors.  In  spite  of  the  fact  that  this  volume  does  not  accomplish 
all  that  might  be  desired  in  a  general  laboratory  manual,  it  is  a  valu¬ 
able  addition  to  the  biochemical  literature  which  can  serve  as 
the  basis  for  a  very  effective  laboratory  course  in  biochemistry. 

Paul  L.  Kibe 


NEW  EQUIPMENT 


Special  Rolls  for  Laboratory  Testing 

Today's  great  expansion  of  industrial  research  has  resulted  in  a 
demand  for  many  types  of  rolls,  specially  designed  for  use  in  test 
processing  of  various  materials. 


The  photograph  shows  a  pair  of  experimental  rolls  recently  made 
by  the  Rodney  Hunt  Machine  Co.,  Orange,  Mass.  These  roll: 
were  built  with  an  exceptionally  soft  rubber  cover  and  were  pro¬ 
vided  with  three  flat  areas  on  the  roll  surface. 
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Techniques  of  Quantitative  Spectrographic  Analysis 

J.  RAYNOR  CHURCHILL,  Aluminum  Company  of  America,  New  Kensinston,  Pa. 


SPECTROGRAPHIC  methods  are  in  many  respects  unique, 
since  in  no  other  method  of  determining  composition  are  so 
many  different  fields  of  science  and  technology  embraced.  The 
preparation  of  the  sample  often  entails  problems  in  chemistry, 
metallurgy,  and  machining  practices.  The  excitation  of  the 
spectrum  may  involve  chemical  reactions,  thermodynamics, 
electronics,  and  atomic  physics.  The  spectrograph  itself  in¬ 
troduces  a  wide  variety  of  problems  in  optics  and  mechanical 
design.  The  photography  and  measurement  of  the  spectrum 
involve  a  host  of  problems  in  photographic  technique,  organic 
and  inorganic  chemistry,  temperature  control,  mechanical  design, 
electricity,  electronics,  and  optics.  All  of  the  widely  varied 
problems  encountered  are  closely  related,  and  the  variable  factors 
'  in  sampling,  excitation,  photography,  and  measurement  are  in¬ 
terdependent.  Any  problem  in  one  phase  of  the  spectrographic 
,  procedure  necessarily  involves  all  or  most  of  the  other  phases  of 
1  the  spectrographic  procedure  as  a  whole.  We  cannot  consider 
the  excitation  source  without  also  considering  the  type  of  samples 
.  to  be  analyzed,  the  spectrograph,  the  photographic  process,  and 
1  the  photometry  of  the  spectra.  We  cannot  discuss  the  photom- 
i  etry  of  spectrograms  without  reference  to  the  materials  analyzed, 

■  the  excitation  source,  the  spectrograph  used,  and  the  photo- 
1  graphic  procedure. 


Because  of  the  almost  unlimited  number  of  combinations  and 
permutations  of  electrical,  optical,  chemical,  and  physical  vari¬ 
ables  possible  in  spectrographic  analysis  and  because  of  the  inter¬ 
dependence  of  these  variables  on  each  other,  there  is  no  optimum 
value  for  any  one  of  the  variables  except  in  relation  to  all  of  the 
others.  Similarly,  in  comparing  apparatus,  it  cannot  be  said 
that  any  one  spectrograph,  microphotometer,  or  source  unit  is 
superior.  We  must  always  think  in  terms  of  combinations  of 
conditions,  combinations  of  circumstances,  and  combinations  of 
equipment.  It  is  possible,  in  fact  very  frequent,  that  two  widely 
different  spectrographic  procedures  using  dissimilar  apparatus 
are  found  to  be  equally  effective  in  the  analysis  of  a  particular 
material.  Neither  the  specific  procedural  steps  involved  nor  the 
instruments  used  are  necessarily  interchangeable  individually 
between  two  such  methods. 

In  the  laboratories  of  Aluminum  Company  of  America,  specific 
techniques  have  been  developed  for  use  with  particular  combina¬ 
tions  of  equipment.  It  is  fully  recognized  not  only  that  widely 
different  techniques  might  prove  equally  satisfactory  with  the 
same  combinations  of  equipment,  but  that  other  combinations 
of  equipment  might  be  just  as  satisfactory.  In  the  following 
discussion  of  spectrographic  techniques,  most  of  the  material  was 
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material.  Authors  naturally  lay  yreater  stress  on  the  adoantayeS  rather  than  the  diiad- 
vantayeS  of  their  techniques  and  methods,  and  this  Sometimes  results,  especially  in  the  field 
of  instrumental  analysis,  in  misconceptions  on  the  pant  of  those  who  one  not  Specialists. 

*7 a  help  analytical  chemists,  keep  abreast  of  developments,  with  hnowledye  of  limitations 
aS  well  aS  advantages  of  various  methods,  invited  papers  will  he  p/unted  from  time  to 
time,  written  by  Specialists  in  various  fields.  Jd.  *7.  dlallett,  associate  editor,  iS  devotiny  a 
considerable  position  of  hid  time  to  the  development  of  Such  ptaperi.  'IheSe  will  not  be 
reviews,  hut  will  he  presented  fan  the  punpoSe  of  evaluating  methods,  and  apparatus  ad 
analytical  tools  and  will  emphaSiye  the  riyorxiuS  standardisation  and  cane  that  one  often 
required  in  thein  uSe. 

*7 hnee  papers  on  Spectsoyraphic  analysis,  published  in  this  issue,  Serve  to  introduce  this 
new  editorial  policy:  techniques  of  Quantitative  Spectroyraphic  Analysis "  by 

Q.  Raynor.  Churchill,  " Proposed  Minimum  Requirements  for  dmiSSion  Spectroyraphic 
Cyuipment  Tided  in  Quantitative  Analysis"  by  Charles  db.  Quettel,  and  ", Qualitative 
Spectroyraphic  Analysis"  by  Q.  Til.  Standen. 
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derived  from  the  collective  experience  of  the  many  spectrographic 
laboratories  of  Aluminum  Company  of  America. 

EXCITATION 

In  devising  a  spectrographic  procedure  to  meet  a  particular 
need,  the  first  decision  to  be  made  is  to  select  a  suitable  excitation 
source.  The  choice  of  a  source  unit  depends  upon  the  spectral 
response  required — i.e.,  sensitivity  of  detection — the  quantita¬ 
tive  accuracy  desired,  the  specific  nature  of  the  elements  sought, 
and  the  characteristics,  both  physical  and  chemical,  of  the  samples 
to  be  analyzed.  The  excitation  sources  ordinarily  used  in 
emission  spectrography  fall  into  three  broad  classes:  direct  cur¬ 
rent  arcs,  alternating  current  arcs,  and  alternating  current  sparks. 
Each  has  its  advantages  in  particular  applications  and,  since  the 
important  differences  between  the  three  classes  are  in  degree  and 
not  in  kind,  there  is  a  wide  overlapping  of  the  fields  of  use. 

Direct  Current  Arc.  Until  recently,  the  direct  current  arc 
has  been  the  most  widely  used  excitation  source.  Because  of  its 
high  ultimate  sensitivity  and  versatility  of  application,  the  direct 
current  arc  has  been  the  general  all-purpose  source,  without 
which  the  spectrographic  laboratory  was  considered  incomplete. 
Recent  improvements  in  other  sources  and  their  use  have  al¬ 
tered  this  situation  to  such  an  extent  that  many  modern  spectro¬ 
graphic  laboratories  rarely  use  the  direct  current  arc  in  quantita¬ 
tive  metallurgical  analysis,  and  in  some  specialized  routine 
laboratories  no  arc  facilities  are  provided. 

The  conventional  direct  current  arc  consists  of  a  power  source 
having  an  open  circuit  voltage  of  at  least  220  volts  and  a  variable 
resistance  to  regulate  the  current  passing  through  the  arc  gap. 
The  actual  voltage  drop  across  the  gap  is,  of  course,  much  lower 
than  across  the  supply  line  and  depends  upon  the  current  used, 
the  resistance  of  the  electrodes,  and  the  resistance  of  the  gap. 
Currents  ranging  from  3  to  10  amperes  are  generally  used  with 
metal  electrodes,  and  currents  ranging  from  10  to  20  amperes  are 
used  with  such  nonvolatile  materials  as  alumina,  zirconia,  or 
Columbia.  Metal  samples  are  often  used  as  self-electrodes  in  the 
arc  when  the  melting  point  of  the  samples  is  sufficiently  high. 
In  most  other  cases  the  sample  is  placed  in  a  cavity  in  a  graphite 
rod  which  is  used  as  the  lower  electrode.  A  second  graphite  rod 
is  used  as  the  upper  electrode. 

There  are  almost  as  many  shapes  of  electrodes  as  there  are 
laboratories  using  the  arc.  Lower  electrodes  vary  from  0.125  to 
0.3125  inch  in  diameter  and  vary  in  design  from  a  simple  rod 
containing  a  small  cavity  in  the  tip  to  the  much  more  elaborate 
types  providing  capsules  or  platforms  for  holding  the  sample  and 
constrictions  to  reduce  heat  loss.  Simple  electrodes  are  prepared 
on  a  motor-driven  cutter,  while  the  more  complicated  shapes  are 
generally  made  on  a  lathe.  The  remarkable  lack  of  unanimity 
among  different  laboratories  in  the  choice  of  electrode  dimensions 
and  shapes  seems  to  be  caused  partly  by  actual  differences  in 
analytical  problems  and  partly  by  personal  preferences  and  prej¬ 
udices  of  spectrographers. 

The  direct  current  arc  yields  higher  sensitivities  of  detection 
than  most  other  sources  for  most  of  the  elements  detected  by 
emission,  and  can  be  applied  readily  to  almost  any  type  of  ma¬ 
terial.  Most  general  qualitative  analyses  and  many  quantita¬ 
tive  determinations  of  minute  constituents,  therefore,  are  best 
handled  by  the  direct  current  arc.  However,  the  general  erratic¬ 
ness  and  poor  reproducibility  generally  associated  with  the  arc 
have  prevented  a  wide  application  to  the  quantitative  determina¬ 
tion  of  any  but  minor  constituents  or  trace  elements.  The  dis¬ 
advantages  of  this  source  in  quantitative  work  arise  largely  from 
the  fact  that  arc  excitation  is  almost  purely  a  thermal  phenom¬ 
enon.  Any  variable,  such  as  gap  spacing,  electrode  form,  or 
matrix  composition,  which  affects  the  amount  of  heat  produced 
in  the  arc  or  the  transfer  of  heat  from  the  arc  will  affect  the  spec¬ 
tral  intensities  produced.  When  certain  metals  are  present  in 
the  arc,  oxides  form  rapidly  and  accumulate  as  a  crust  or  beads, 
causing  the  arc  to  wander  and  sputter  and  to  behave  in  a  rather 
erratic  manner.  Also,  the  selective  volatilization  of  the  various 
constituents  in  the  sample  presents  serious  problems  in  control¬ 
ling  the  discharge  and  in  quantitative  interpretation. 


While  the  disadvantages  discussed  have  largely  excluded  the 
direct  current  arc  from  most  high  constituent  work  other  thai 
qualitative  or  semiquantitative  tests,  it  should  not  be  inferrec 
that  these  defects  are  insurmountable.  Recent  experiments  in  ; 
number  of  laboratories  have  indicated  that  the  objectionabb 
effects  usually  associated  with  the  direct  current  arc  can  bi 
greatly  reduced  by  the  use  of  special  types  of  electrodes  and  bj 
the  addition  of  fluxes  or  “buffers”.  Promising  results  on  re 
fractories,  ore  materials,  and  stainless  steel  samples  have  beei 
obtained  in  several  laboratories. 

In  the  aluminum  industry  the  direct  current  arc  has  been  in 
valuable  as  a  qualitative  tool  and  has  been  applied  to  the  deter 
mination  of  many  minor  constituents  and  trace  elements.  I: 
most  routine  analysis  on  aluminum  alloys,  however,  adequat 
response  can  be  obtained  with  excitation  sources  of  greater  in 
herent  stability  than  the  direct  current  arc. 

Alternating  Current  Arc.  A  more  reproducible  sourc 
than  the  direct  current  arc  is  available  in  the  alternating  curren 
arc.  This  source,  first  described  by  Duffendack  and  Thompso 
(S),  consists  essentially  of  a  2000-  to  4000- volt  transforme 
equipped  with  a  variable  reactance  or  variable  resistance,  or  botl 
to  control  its  output.  Currents  of  2  to  4  amperes  are  generall 
used  with  this  apparatus. 

The  alternating  current  arc  produces  a  somewhat  more  stab] 
arc  than  the  direct  current  arc  at  a  small  sacrifice  of  sensitivit 
of  detection.  As  in  the  case  of  any  other  excitation  source,  tb 
alternating  current  arc  has  a  field  in  which  its  characterise 
deficiencies  are  at  a  minimum.  As  a  quantitative  tool  the  a 
ternating  current  arc  has  been  applied  most  effectively  in  tt 
analysis  of  caustic  liquors  and  certain  salts  and  in  these  applies 
tions  its  sensitivity  rivals  that  of  the  direct  current  arc,  and  tt 
reproducibility  is  much  better.  On  metal  samples  the  alterna 
ing  current  arc  is  in  most  cases  superior  to  the  direct  current  ai 
in  reproducibility  but  inferior  in  sensitivity  of  detection.  Mo: 
of  the  shortcomings  of  the  direct  current  arc  appear  to  a  sona 
what  lower  degree  in  the  alternating  current  arc. 

In  the  aluminum  industry,  the  alternating  current  arc  has  bee 
a  valuable  tool  in  laboratories  primarily  interested  in  secondai 
aluminum.  In  this  application,  it  provides  a  rapid  and  econom 
cal  means  of  obtaining  a  qualitative  analysis  combined  with 
sufficiently  accurate  quantitative  analysis  for  scrap  sorting  pu 
poses.  Among  primary  producers  of  aluminum,  the  alternatii 
current  arc  has  received  little  application  because  of  a  need  fi 
higher  quantitative  accuracy. 

Alternating  Current  Spark.  At  present  most  quantitati1 
spectrographic  analysis  of  metals  is  accomplished  by  means 
excitation  sources  classified  as  spark  units.  Formerly  a  conve 
tional  spark  unit  consisted  essentially  of  a  10,000-  to  40,000-vc 
transformer,  a  capacitance  of  0.002  to  0.02  mfd.,  an  inductan 
of  a  few  hundredths  or  a  few  tenths  of  a  millihenry,  and  som 
times  a  resistance  of  a  few  ohms.  The  analysis  gap,  the  se 
inductance,  and  the  resistance  were  used  in  series  across  t! 
secondary  of  the  transformer,  with  the  capacitance  connected 
parallel  with  the  gap.  Spark  units  of  this  type  were  used  in  mo 
metallurgical  applications  of  the  spectrograph  until  more  refim 
excitation  units  became  available. 

The  above-described  type  of  spark  unit  is  often  referred  to 
an  uncontrolled  spark  or  as  a  free-running  spark  to  distingui 
it  from  spark  units  of  more  recent  manufacture  equipped  wi 
synchronous  gaps,  auxiliary  gaps,  tuned  circuits,  or  inductive 
coupled  quenching  circuits.  Figure  1  shows  a  schematic  wiri 
diagram  of  the  controlled  spark  in  its  most  popular  form,  whi 
differs  from  the  uncontrolled  spark  only  in  the  insertion  of  t 
synchronous  gap  developed  by  Feussner  (4).  The  synchrono 
gap  serves  two  purposes:  (1)  It  serves  as  a  timing  switch,  p< 
mitting  the  unit  to  produce  only  one  discharge  (one  train 
oscillations)  per  cycle  or  half  cycle.  (2)  The  additional  spa 
gap  or  gaps  in  series  with  the  analytical  gap  have  a  stabilizi 
effect.  Much  the  same  effect  is  produced  by  the  use  of  a  static 
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iry  auxiliary  spark  gap  subjected  to  a  controlled  air  stream  in 
place  of  the  synchronous  gap,  although  commercial  models  all 
mploy  the  synchronous  gap.  Controlled  spark  units  sometimes 
have  a  semifixed  impedance  in  the  primary  which  is  more  or  less 
tuned  with  respect  to  the  secondary  to  produce  a  condition 
ipproaching  resonance.  Other  refinements,  claimed  to  increase 
the  stability  of  the  discharge  but  not  generally  provided  on  com¬ 
mercial  models,  may  include  ultraviolet  irradiation  of  either  the 
analytical  gap  or  the  synchronous  gap,  or  both,  controlled  air 
treams  impinging  on  either  or  both  gaps,  or  tuned  quenching 
circuits  inductively  coupled  with  the  spark  circuit. 

Controlled  spark  discharges,  similar  to  those  produced  by  the 
Feussner  spark,  have  been  produced  by  the  use  of  electronic  in¬ 
terrupters.  Such  a  spark  unit,  developed  for  general  spectro- 
graphic  work,  has  been  described  by  Malpica  and  Berry  (<?). 
Electronically  controlled  spark  units  have  not  been  developed  to 
the  extent  of  those  using  mechanical  interrupters  and  have  re¬ 
ceived  little  application  in  industry.  Because  of  possibilities  of 
greater  flexibility,  more  precise  control,  and  elimination  of  mov¬ 
ing  parts,  electronically  controlled  spark  units  may  be  expected 
to  become  increasingly  important. 

,  With  the  possible  exception  of  new  excitation  units  developed 
jVery  recently,  no  other  excitation  unit  has  equaled  the  controlled 
5 spark  unit  in  reproducibility  and  dependability  in  the  quantita- 
I  tive  analysis  of  metal  samples.  Accordingly ,  the  spark  unit  has 
.largely  replaced  both  the  direct  current  arc  and  the  alternating 
current  arc  in  most  applications  where  its  sensitivity  of  detection 
is  sufficient  and  where  there  is  a  need  for  high  precision.  The 
chief  limitations  in  the  application  of  the  spark  lie  in  its  low  re¬ 
sponse  as  compared  to  the  direct  current  arc  or  the  alternating 
current  arc,  and  the  difficulties  and  inconveniences  encountered 
in  handling  samples  in  certain  physical  forms,  such  as  powders 
or  solutions. 

j  In  connection  with  the  high  reproducibility  of  the  controlled 
spark  discharge,  the  literature  contains  frequent  mention  of 
.  standard  deviations  of  1%  or  less  in  repetitive  analyses.  While 
i  such  claims  are  based  on  factual  data  and  can  be  closely  re- 
( produced  in  most  laboratories  properly  equipped  for  quantitative 
,  spark  work,  the  standard  deviations  given  should  not  be  literally 
•  interpreted  as  measuring  the  expected  accuracy  of  an  analysis. 
These  data  are  obtained  on  repetitive  tests  on  the  same  sample, 
and  the  sample  is  generally  specially  selected  for  uniformity  in 
order  to  remove  all  sampling  effects  in  studying  the  discharge. 
.  Such  tests  yield  valuable  information  as  to  precision  or  repro- 
.  ducibility  on  a  particular  sample  but  do  not  measure  the  actual 
.  effective  precision  of  the  analysis,  nor  even  that  portion  of  the 


analytical  error  which  should  be  properly  ascribed 
to  excitation.  It  has  been  found  that  spectral  re¬ 
sponse  in  a  spark  source  is  affected  by  the  following 
factors  not  taken  into  account  by  simple  reproduci¬ 
bility  tests  reported  in  the  literature: 

Composition  of  the  matrix. 

Physical  form  of  the  electrodes. 

Differences  in  oxidation  effects  on  samples  and 
standards. 

Particle  size  of  dispersed  constituents  in  the  sample. 
States  of  combination  of  the  elements  in  the  sample. 
Metallurgical  history  of  metal  samples. 

The  above  factors  enter  into  most  routine  analysis 
by  spark  methods  and  cause  changes  in  excitation 
which  in  turn  produce  measurable  errors  in  analysis. 
In  routine  practice,  every  attempt  is  made  to  keep 
such  variables  at  a  minimum,  but  with  conventional 
equipment  and  under  conventional  procedures,  these 
effects  result  in  a  greater  variability  of  excitation 
and  hence  greater  analytical  errors  than  would  be  pre¬ 
dicted  by  simple  reproducibility  tests.  Obviously, 
reproducibility  is  of  little  value  if  it  is  found  that  the 
result  reproducibly  obtained  on  a  particular  sample 
is  in  error  because  of  some  unknown  difference  between  the 
sample  analyzed  and  the  standard  sample. 

Aluminum  and  magnesium  alloys  are  particularly  prone  to 
show  changes  in  the  relative  excitation  of  different  wave  lengths 
with  changes  in  microstructure  or  metallurgical  history.  In 
routine  analysis  it  is  highly  desirable,  therefore,  that  the  dimen¬ 
sions  and  form  of  the  electrodes  and  the  metallurgical  history  be 
carefully  reproduced.  When  differences  of  this  sort  necessarily 
exist  between  analysis  samples  and  standard  samples,  the  quanti¬ 
tative  effect  of  the  differences  must  be  evaluated  and  a  correction 
applied  in  calculating  the  composition  of  the  sample. 

In  routine  analysis  of  aluminum  alloys,  it  has  been  found  that 
with  spark  excitation,  the  average  deviation  between  spectro- 
graphic  and  chemical  results  usually  lies  between  2  and  3%  of  the 
amount  present.  Well  over  90%  of  the  results  will  show  devia¬ 
tions  of  less  than  5%  and  few,  if  any,  will  show  deviations  in 
excess  of  10%.  These  figures  are,  of  course,  only  approximations, 
since  there  are  slight  differences  in  the  accuracy  obtained  on 
different  elements  and  in  different  concentration  ranges.  The 
figures  given  are  based  on  actual  experience  with  relatively  un¬ 
trained  spectrographic  operators  in  routine  laboratories  and  are 
less  favorable  but  more  pertinent  than  data  taken  in  special  tests 
undertaken  to  determine  the  best  possible  accuracy  obtainable. 

There  are  two  main  systems  of  applying  the  alternating  cur¬ 
rent  spark  to  the  direct  analysis  of  metal  samples.  Many  labora¬ 
tories,  particularly  in  the  steel  industry,  use  two  rod-shaped 
specimens  as  self-electrodes.  Probably  a  greater  number  of 
laboratories  use  the  system  developed  by  Aluminum  Research 
Laboratories  involving  the  use  of  a  machined  flat  surface  of  the 
sample  as  one  electrode  and  a  graphite  rod  as  a  counterelectrode. 
The  choice  between  these  two  methods  is  often  only  a  matter  of 
convenience  and  usually  depends  on  the  forms  in  which  samples 
are  received,  and  on  the  standard  samples  available.  Figure  2 
shows  the  Petrey  spark  stand  developed  especially  to  handle  disk- 
type  samples. 

The  top  plate  of  the  spark  stand  serves  both  as  support  and 
electrical  connection  to  the  analytical  sample.  The  lower  electrode 
is  high-purity  graphite  rod,  0.25  inch  in  diameter  with  a  tapered 
end  culminating  in  a  hemisphere  of  about  0.06-inch  radius.  A 
freshly  cut  electrode  is  used  for  every  test,  and  the  gap  is  adjusted 
with  the  aid  of  the  pivoting  gap  gage  attached  to  the  top  plate 
on  the  left-hand  side.  The  sample  shown  on  the  spark  stand  is  a 
routine  sample  of  the  type  regularly  used  by  Aluminum  Com¬ 
pany  of  America,  and  consists  of  a  circular  disk  originally  0.25  inch 
thick  and  2.5  inches  in  diameter,  cast  in  a  cold  steel  mold.  The 
sample  as  cast  is  usually  recessed  to  a  depth  of  about  0.10  inch 
in  the  central  portion  of  one  side  to  facilitate  machining.  The 
sample  is  so  positioned  on  the  spark  stand  that  the  center  of  the 
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Figure  2.  Petrey  Spark  Stand 


spark  falls  approximately  0.375  inch  from  the  edge  of  the  sample 
and  removed  from  the  pouring  sprue  by  an  arc  of  90°  to  150°. 
The  surface  to  be  sparked  is  machined  to  a  depth  of  0.05  to  0.06 
inch. 

Following  are  the  conditions  of  excitation  employed  on  A.R.L.- 
Dietert  controlled  spark  units  in  the  routine  laboratories  of 
Aluminum  Company  of  America: 

Nominal  power  setting  2  kw. 

Capacitance  0.021  mfd. 

Self-inductance  1 . 44  mh. 

Secondary  resistance  None 

Rated  peak  voltage  of  transformer  35,000 

Primary  current  6 . 6  amperes 

Primary  voltage  75  volts 

Exposure  10  seconds 

Prespark  10  seconds 

The  nominal  power  setting  of  2  kw.  on  this  unit  actually  rep¬ 
resents  a  power  input  of  about  1.3  kw.  This  represents  a  rela¬ 
tively  high-powered  spark,  permitting  the  use  of  the  rather  short 
exposure  time  of  10  seconds.  The  self-inductance  of  1.44  mh.  is 
provided  by  employing  the  full  self-inductance  provided  in  the 
spark  unit  itself  (0.36  mh.)  plus  three  additional  coils  of  0.36  mh. 
each.  The  figure  of  1.44  mh.  is  the  nominal  figure  supplied  by 
the  manufacturer.  The  actual  value  has  not  been  accurately 
measured  in  these  laboratories  and  is  not  considered  very  im¬ 
portant,  for  the  reason  that  a  large  excess  of  self-inductance  is 
used  and  the  character  of  the  discharge  is  not  affected  by  small 
changes  in  self-inductance  under  the  particular  electrical  condi¬ 
tions  employed.  There  are  three  main  reasons  for  using  this 
unusually  large  amount  of  self-inductance:  (1)  It  favors  the  ex¬ 
citation  of  certain  arc  lines  required  in  the  analysis  of  aluminum 
alloys.  (2)  It  produces  spectra  of  low  spectral  background  and 
low  in  air  lines.  (3)  When  self-inductance  is  sufficiently  high, 
accidental  changes  in  self-inductance  resulting  from  changes  in 
relative  positions  of  source  unit,  spectrograph,  electrical  leads, 
and  miscellaneous  metal  objects  in  the  vicinity  of  the  spark  unit 
have  a  negligible  effect  on  the  discharge. 

This  spark  unit  contains  an  inductive  reactance  in  the  primary 
which  is  “tuned”  with  respect  to  the  capacitance  and  other  cir¬ 
cuit  constants.  In  actual  practice,  this  ‘  ‘tuning”  is  accomplished 
empirically  by  adjusting  the  air  gap  or  number  of  turns  in  the  re¬ 
actance  to  produce  a  certain  primary  current  for  each  of  the  three 
power  settings  of  the  instrument.  On  the  2-kw.  power  setting, 
the  primary  reactance  is  adjusted  so  that  there  will  be  a  current 
of  6.6  amperes  in  the  transformer  primary  when  the  voltage  drop 
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across  the  primary  is  75  volts.  This  primary  voltage  drop  is 
controlled  byadjusting  the  phase  relationship  between  the  syn¬ 
chronous  gap  and  the  secondary  circuit  by  rotating  the  stator 
points  of  the  synchronous  gap.  These  somewhat  arbitrary  ad¬ 
justments  result  in  a  spark  which  fires  several  milliseconds  before 
the  condensers  reach  maximum  charge.  When  all  the  circuit 
constants  are  adjusted  to  the  values  given,  a  spark  discharge  is 
produced  which  compares  favorably  in  stability,  reproducibility, 
and  sensitivity  with  that  obtained  on  other  conventional  spark 
units  in  the  analysis  of  aluminum  alloys. 

The  selection  of  exposure  times  and  prespark  times  in  spark 
analysis  should  be  based  on  the  following  considerations: 

t 

The  intensity-time  relationship  of  each  spectrum  line  to  be  used. 

The  change  in  stability  of  the  spark  with  time. 

The  effective  photographic  speed  of  the  spectrograph. 

Considerations  of  speed  and  efficiency  in  operating  the  labora¬ 
tory. 

During  the  course  of  sparking  a  sample,  the  intensities  of  the 
various  spectrum  lines  produced  are  usually  changing  more  or  less 
continuously.  The  rise  in  temperature  of  the  electrodes,  the 
accumulation  of  vapors  in  the  spark,  the  oxidation  of  the  elec¬ 
trodes,  the  depletion  of  the  more  volatile  constituents  in  the  area 
sparked,  and  the  change  in  spark  gap  as  the  electrode  tips  are 
volatilized,  all  tend  to  cause  changes  in  intensity  during  the 
spark  exposure.  Because  of  differences  in  physical  and  chemical 
properties,  no  two  elements  behave  in  precisely  the  same  way  and 
at  any  particular  time,  lines  of  two  different  elements  may  be 
changing  in  opposite  directions.  Difference  in  behavior  between 
the  elements  is  usually  greatest  and  the  reproducibility  of  in¬ 
tensity  ratios  poorest  during  the  first  few  seconds  of  sparking. 
As  the  discharge  proceeds,  the  rate  of  change  of  both  individual 
line  intensities  and  intensity  ratios  between  different  lines 
gradually  diminishes  as  the  various  factors  controlling  intensities 
approach  a  quasi-equilibrium.  If  the  sparking  duration  is  pro¬ 
longed  sufficiently  the  reproducibility  of  intensitie  and  intensity 
ratios  again  begins  to  deteriorate  as  the  electrodes  become  pitted 
and  encrusted  with  oxide.  In  most  cases  this  condition  obtains  j 
before  the  intensity  ratios  reach  an  equilibrium  value.  This  is 
particularly  true  of  aluminum  and  magnesium  alloys.  The  10- 
second  prespark  and  10-second  exposure  used  in  Aluminum 
Company  of  America  laboratories  are  based  on  careful  time  vs. 
intensity  studies,  on  statistical  studies  of  reproducibility,  and  on 
considerations  of  time  consumption  and  efficiency.  As  in  the 
case  of  most  other  decisions  in  selecting  optimum  operating  condi¬ 
tions,  this  decision  was  necessarily  a  compromise. 

While  the  Petrey  stand  was  originally  designed  to  accommo¬ 
date  relatively  massive  samples  on  which  a  sufficiently  large  flat 
surface  could  be  machined,  many  laboratories  using  this  stand  ; 
are  called  upon  to  handle  other  types  of  samples,  such  as  wire,  ■ 
rods,  rivets,  drillings,  powdered  materials,  and  miscellaneous 
small  fragments  of  materials.  The  Petrey  stand  can  be  con¬ 
veniently  adapted  to  the  handling  of  metal  samples  of  various , 
sizes  and  shapes  by  the  use  of  suitable  clamps  and  holders,  j 
Powdered  samples  are  usually  formed  into  pellets  by  means  of  a 
briquetting  press,  with  an  addition  of  de-ashed  natural  graphite  ' 
if  the  sample  is  a  nonconductor  of  electricity  or  has  poor  briquet- 1 
ting  properties.  Such  pellets  are  supported  on  the  Petrey  stand 
by  special  adapters  and  are  sparked  by  essentially  the  technique 
used  on  metal  electrodes. 

Recent  Developments  in  Excitation  Units.  Recognizing 
the  need  for  excitation  units  of  higher  reproducibility,  greater 
sensitivity  of  detection,  and  greater  freedom  from  metallurgical 1 
effects,  a  number  of  laboratories  have  attempted  to  improve  on 
the  conventional  controlled  spark.  These  efforts  have  proceeded 
along  two  main  channels.  One  group  of  workers  has  concentrated 
its  efforts  along  the  lines  of  improving  the  controlled  spark  by 
close  attention  to  the  mechanical  construction  of  the  interrupter, 
the  use  of  voltage  regulators  of  various  types,  and  the  use  of  trans- 1 
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mers  of  higher  voltage  and  higher  power  rating  than  those 
merly  used.  That  such  measures  are  effective  in  improving 
;  precision  of  analysis  has  been  amply  demonstrated  in  the  steel 
d  motor  car  industries.  Other  workers  have  concentrated  on 
ire  fundamental  changes  in  the  design  of  the  excitation  unit, 
ecting  their  efforts  towards  eliminating  some  of  the  defects 
d  limitations  inherent  in  the  conventional  controlled  spark. 

3ne  such  unit,  described  by  Hasler  and  Dietert  (5)  and  Hasler 
d  Kemp  (7),  has  been  used  in  several  laboratories  as  a  replace- 
int  for  the  direct  current  arc,  alternating  current  arc,  and 
ernating  current  spark  in  the  analysis  of  both  metallic  and  non- 
tallic  samples.  This  unit  is  a  flexible  apparatus,  producing  a 
riety  of  discharges  similar  to  the  conventional  alternating  cur- 
it  and  direct  current  arcs  and  sparks  produced  by  other  excita- 
n  units,  as  well  as  discharges  of  an  intermediate  nature  not 
ling  within  the  usual  meaning  of  the  terms,  alternating  current 
;,  alternating  current  spark,  or  direct  current  arc. 

The  apparatus  consists  essentially  of  a  power  circuit  powered 
I  a  1000-volt,  5-kw.  transformer  and  an  initiator  circuit  consist- 
;  of  a  low-powered,  high-voltage  transformer,  a  condenser,  and 
synchronous  interrupter.  The  power  circuit  includes  an  in¬ 
stance,  a  capacitance,  and  a  resistance,  all  three  being  variable 
;r  a  rather  wide  range.  Power  circuit  and  initiator  circuit  are 
mected  across  the  analytical  gap  in  parallel  and  are  rectified 
ithe  same  sense.  Because  of  the  low  voltage  of  the  power  cir- 
t,  the  use  of  much  larger  capacitances  than  those  employed  in 
linary  spark  units  is  feasible,  and  resistance  becomes  an  im- 
j-tant  and  useful  variable  in  controlling  the  nature  of  the  dis- 
lirge.  The  relatively  low-powered  initiator  contributes  only 
;htly  to  the  spectra  produced  and,  therefore,  may  be  regarded 
only  a  timer.  The  removal  of  the  synchronous  interrupter 
m  the  discharge  circuit  is  an  important  improvement  over  the 
itrolled  spark  unit  in  which  a  part  of  the  intensity  variations 
traceable  to  the  interrupter.  Other  features  include  a  built-in 
tage  regulator  actuated  by  the  discharge  circuit,  a  built-in 
iillograph  connected  to  show  either  the  charge  or  discharge 
:les,  or  both,  a  peak  voltmeter  in  the  discharge  circuit,  ultra- 
let  irradiation  of  the  synchronous  gap,  “wiper  contacts” 
the  shaft  of  the  interrupter  motor  arranged  so  as  to  short  the 
charge  condensers  after  each  discharge  train,  and  convenient 
itrols  for  varying  any  of  the  circuit  constants  independently. 


iPhis  instrument  is  too  new  to  be  judged  on  a  basis  of  practical 
tine  performance,  but  sufficient  evidence  has  already  accumu- 
;d  to  indicate  that  this  unit,  or  units  of  similar  fundamental 
ign,  may  produce  substantial  improvements  in  certain  routine 
ilyses.  No  really  comprehensive  investigation  of  this  source 
t  has  yet  been  made,  and  because  of  the  large  number  of  com- 
ations  and  permutations  of  electrical  conditions  provided,  it 
1  probably  be  many  months  before  optimum  conditions  are 
initely  established  for  even  the  most  common  analyses.  At 
iminum  Research  Laboratories,  two  types  of  discharge  pro- 
•ed  by  this  type  of  unit  have  been  found  extremely  useful,  one 
ich  will  give  spectra  of  excellent  reproducibility  when  applied 
most  elements  generally  determined  by  spark  technique,  and 
!  which  will  give  remarkably  good  sensitivity  of  detection, 
lowing  are  the  circuit  constants  and  general  characteristics 
hese  two  discharges : 


tage 

>acitance 

uctance 

istance 

9itivity 


Type  A 

940  volts 
5  mfd. 

480  microns 
100  ohms 

Comparable  to  A.C.  spark 


iroducibility  Comparable  to  A.C.  spark 
uracy  Better  than  A.C.  spark 


Type  B 

940  volts 
60  mfd. 

480  microns 
50  ohms 

Equal  to  or  better  than  D.C. 
arc 

Better  than  A.C.  arc 
Better  than  A.C.  arc 


Type  A  produces  results  having  approximately  the  same  re- 
ducibility  as  the  controlled  spark  but  yielding  somewhat 
ter  accuracy  in  some  cases  because  of  a  marked  reduction  in 
•cts  caused  by  the  presence  of  other  elements  and  by  the 
tallurgical  history  of  the  sample.  The  Type  B  discharge 
tears  to  be  superior  in  almost  every  respect  to  any  discharge 
■omparable  sensitivity  of  detection  which  can  be  produced  on 
ventional  arc  or  spark  equipment. 

Vhile  the  results  obtained  under  the  conditions  described  indi- 
e  that  such  an  excitation  source  is  more  generally  useful  than 
j  other  unit  commercially  available  at  the  present  time,  it  is 


very  unlikely  that  these  conditions  are  the  optimum  for  the 
analysis  of  metals  other  than  aluminum,  since  no  comprehensive 
investigation  has  yet  been  made  along  these  lines. 

While  virtually  all  the  routine  metallurgical  analysis  of  Alu¬ 
minum  Company  of  America  laboratories  is  now  carried  out  on 
controlled  spark  units,  it  is  probable  that  the  spark  units  will  be 
greatly  modified  or  replaced  by  excitation  units  now  under  de¬ 
velopment.  In  the  remainder  of  this  paper,  only  the  controlled 
spark  units  of  the  type  currently  used  are  considered. 

THE  SPECTROGRAPH 

In  the  selection  of  spectrographic  equipment,  the  spectrograph 
itself  usually  represents  the  least  difficult  problem  of  any  of  the 
main  pieces  of  equipment.  Except  for  certain  specialized  work, 
any  of  the  popular  spectrographs  are  adequate  for  most  routine 
applications.  Very  often  the  selection  of  a  spectrograph  is 
guided  more  by  availability,  policy,  and  personal  preference  than 
by  any  important  difference  in  optics  or  mechanical  design. 
The  following  considerations,  however,  should  not  be  overlooked 
in  the  selection  of  the  spectrograph: 

Resolving  power. 

Linear  dispersion  (Angstroms  per  mm.  at  the  plate  or  film,  not 
angular  dispersion  as  expressed  by  the  physicist). 

Wave-length  range  covered  by  a  single  spectrogram. 

Relative  amount  of  scattered  light  (“Littrow  fog”,  for  example) . 

Photographic  speed. 

Quality  of  the  slit. 

Flexibility. 

With  respect  to  resolving  power  and  linear  dispersion,  any  of 
the  larger  standard  prism  spectrographs  or  the  available  grating 
instruments  using  original  gratings  are  adequate.  While  there 
has  been  some  prejudice  against  1.5-meter  grating  instruments 
in  the  ferrous  field,  recent  applications  in  industry  seem  to  indi¬ 
cate  the  adequacy  of  these  instruments  for  steel  analysis.  Ac¬ 
tually,  the  dispersion  of  a  spectrograph  is  less  important  than 
resolving  power  in  any  comparison  among  popular  makes.  Pres¬ 
ent-day  spectroscopic  plates  and  films  have  sufficiently  fine¬ 
grained  emulsions  to  shift  the  emphasis  from  dispersion  to  resolv¬ 
ing  power.  In  a  number  of  instances  where  closely  adjacent 
lines  must  be  used  in  the  analysis  of  various  materials  at  Alumi¬ 
num  Research  Laboratories,  it  has  been  found  that  a  1.5-meter 
grating  instrument  yields  slightly  better  results  than  the  stand¬ 
ard  prism  instruments  at  wave  lengths  above  about  2800  Ang¬ 
stroms.  Part  of  this  effect  appears  to  be  caused  by  the  inherent 
difference  in  resolving  power  and  part  by  the  fact  that  the  particu¬ 
lar  grating  instrument  used  shows  less  deviation  from  theo¬ 
retical  performance  under  conditions  of  changing  temperature, 
mechanical  shock,  and  hard  usage.  For  very  complicated  spec¬ 
tra,  such  as  those  obtained  from  rare  earth  elements  or  elements 
of  very  high  atomic  number,  any  of  the  prism  instruments  or 
small  fixed-setting  grating  instruments  may  be  inadequate.  For 
such  work,  larger  more  flexible  grating  instruments  are  usually 
required. 

The  wave-length  range  which  can  be  photographed  in  a  single 
spectrogram  is  very  important  in  some  applications.  The  ad¬ 
vantages  of  being  able  to  include  in  a  single  spectrogram  suitable 
lines  of  all  the  elements  to  be  determined  in  a  sample  are  obvious. 
It  is  even  more  important  in  qualitative  analysis,  where  occa¬ 
sionally  the  spectrographer  is  called  upon  for  a  complete  qualita¬ 
tive  analysis  on  a  sample  too  small  for  more  than  one  test. 
Greater  dispersion,  therefore,  may  be  a  disadvantage  in  some 
cases  and  it  is  usually  necessary  to  compromise  between  disper¬ 
sion  and  wave-length  range.  Among  prism  instruments  of  rela¬ 
tively  high  dispersion,  an  available  Wadsworth-type  spectro¬ 
graph  has  the  advantage  of  the  additional  spectrum  range 
afforded  by  use  of  a  14-inch  plate  in  lieu  of  the  10-inch  plate 
used  on  comparable  prism  instruments.  This  is  carried  further 
on  one  of  the  newer  grating  spectrographs  which  uses  either  two 
10-inch  plates  placed  end  to  end  or  a  single  20-inch  film  or  plate. 
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Table  I.  Characteristics  of  Several  Makes  of  Spectrographs 


A.R.L.- 

Baird 

B.  &  L. 

Gaertner 

Hilger 

Jarrell- 

Ash 

Dietert 

(Large) 

(Littrow) 

(2  Lens) 

(Littrow) 

(Grating) 

Resolving  power® 
Dispersion® 

2 

1 

3 

3 

3 

1 

3 

1 

2 

2 

2 

1 

Wave  -  length  range 
(single  spectro¬ 

gram) 

2 

4 

3 

1 

3 

2 

Scattered  light 

2 

1 

2 

1 

2 

1 

Resistance  to  vibra¬ 
tion  and  shock 

1 

1 

2 

2 

1 

2 

Auxiliary  equipment 
available 

1 

2 

3 

3 

2 

2 

Photographic  speed 

_  2 

3 

_  1 

1 

1 

b 

Slit 

Adjust¬ 

Fixed 

Adjust¬ 

Adjust¬ 

Adjust¬ 

.  .  b 

Wave-length  setting 

able 

Semi-fixed 

Continu¬ 

able 

Stepwise 

able 

Continu¬ 

able 

Continu¬ 

Continu¬ 

ously 

variable 

variable 

ously 

variable 

ously 

variable 

ously 

variable 

“  Comparison  limited  to  wave  lengths  most  widely  used  in  metallurgical  analysis  (2000- 
4000  A.). 

No  data  available  as  yet. 

Note.  The  numbers,  1,  2,  and  3  denote  the  rank  of  the  various  instruments  when  ar¬ 
ranged  in  descending  order  with  respect  to  the  particular  attribute  or  quality  compared, 
based  on  the  manufacturers’  literature  and  the  author’s  experience. 


In  the  determination  of  minor  impurities  with  spectral  sources 
of  very  high  total  intensities  and  when  long  exposures  are  re¬ 
quired,  a  troublesome  effect  is  encountered  on  all  Littrow  spectro¬ 
graphs.  This  effect,  often  referred  to  as  Littrow  fog,  is  a  general 
fogging  of  the  plate  or  film  by  the  fight  reflected  from  the  front 
face  of  the  collimator  lens.  This  inherent  defect  in  the  Littrow 
design  is  ameliorated  to  some  degree  in  most  Littrow  spectro¬ 
graphs  by  masking  the  center  of  the  lens  or  by  tilting  the  lens 
slightly.  The  effect  is  eliminated  in  the  Wadsworth-type  prism 
spectrograph  and  scattered  fight  of  this  sort  is  not  encountered 
to  any  large  degree  on  most  grating  spectrographs. 

Most  of  the  popular  commercial  spectrographs  have  similar 
photographic  speeds.  Grating  spectrographs  are  more  vari¬ 
able  in  this  respect  because  of  the  poor  reproducibility  of  the 
reflectivity  of  gratings.  Grating  instruments  also  differ  appreci¬ 
ably  as  to  relative  response  at  different  wave  lengths,  even  among 
spectrographs  of  the  same  make.  The  relative  speed  of  the 
grating  at  different  wave  lengths  can  be  roughly  controlled  by 
the  method  of  ruling.  A  grating  ruled  in  such  a  way  as  to  dis¬ 
tribute  the  fight  intensity  as  evenly  as  possible  among  orders  or 
wave  lengths  is  usually  a  relatively  slow  grating  at  any  specific 
wave  length.  When  two  or  more  grating  instruments  are  to  be 
used  interchangeably  in  the  same  laboratory,  it  is  desirable 
that  the  gratings  be  approximately  matched  by  selection. 

Most  of  the  commercial  spectrographs  have  slits  of  adjustable 
width.  In  the  opinion  of  the  author,  most  of  the  adjustable 
slits  supplied  on  the  popular  makes  of  spectrographs  are  unsatis¬ 
factory.  The  laboratories  of  Aluminum  Company  of  America 
have  encountered  a  considerable  amount  of  trouble  and  annoy¬ 
ance  from  inaccurate  graduations,  poor  reproducibility  of  slit 
width,  nonparallefism  of  jaws,  damage  by  untrained  operators, 
and  sticking  of  the  adjustment  mechanism.  Most  of  these  de¬ 
fective  slits  have  been  replaced  by  commercially  available  fixed 
slits. 

An  important  characteristic  of  a  spectrograph  is  its  flexibility — 
that  is,  the  ease  with  which  its  wave-length  range  may  be  changed 
and  the  convenience  and  speed  of  adapting  the  apparatus  suc¬ 
cessively  to  widely  different  problems.  The  latter  depends  to  a 
larger  extent  on  the  optical  bench  and  accessories  than  on  the 
spectrograph  itself.  Most  of  the  larger  prism  and  grating 
spectrographs  are  of  the  so-called  automatic  type,  an  automatic 
spectrograph  being  one  whose  wave-length  range  may  be  ad¬ 
justed  by  means  of  a  single  control,  either  a  simple  crank  or  a 
switch  governing  a  motor.  Among  prism  spectrographs,  those 
which  have  a  single  control  which  simultaneously  alters  prism 
rotation,  distance  from  collimator  to  plate  or  slit,  and  plate 
tilt  in  nonstepwise  fashion  are  more  satisfactory  than  those  on 
which  a  number  of  fixed  wave-length  settings  are  provided. 


Several  of  the  large  grating  spectrographs  hat 
satisfactory  motor-driven  mechanisms  for  changin 
wave-length  range.  The  1.5-meter  grating  instri 
ments  used  widely  in  nonferrous  analysis  may  t 
termed  semiadjustable  instruments.  Camera  an 
grating  are  permanently  located  on  a  diameter  of  tl 
Rowland  circle,  and  the  wave-length  range  is  dete 
mined  by  the  position  of  the  optical  bench.  TI 
instrument  is  usually  so  arranged  that  the  bench  ca 
be  placed  at  two  or  three  different  positions  to  pr< 
duce  two  or  three  wave-length  ranges.  When  moi 
than  one  wave-length  region  is  required  at  frequei 
intervals,  it  is  impractical  to  move  the  bench  an 
it  is  customary  to  provide  a  permanent  bench  fc 
each  wave-length  range  required. 

Whether  or  not  it  is  important  or  even  desirab 
to  have  a  spectrograph  whose  wave-length  range  ca 
be  changed  conveniently  depends,  of  course,  on  tl 
nature  of  the  analytical  work  to  be  handled. 

Research-type  laboratories  or  any  laboratory 
handling  a  wide  variety  of  materials  require  flexib 
instruments.  In  some  routine  applications  where  a  single  wav 
length  range  suffices  for  all  analyses,  as  in  the  case  of  some  routii 
aluminum  laboratories,  a  fixed  setting  instrument  may  be  prefe 
able. 

Table  I  summarizes  a  comparison  among  spectrographs  use 
in  metallurgical  analysis  in  the  United  States.  The  so-calle 
“medium”  quartz  spectrographs  have  been  omitted  because  < 
the  fact  that  these  instruments  are  not  used  in  modern  industri. 
applications  to  as  large  an  extent  as  the  larger  instruments, 
should  not  be  inferred,  however,  that  the  medium  quartz  instri 
ment  is  necessarily  inferior  in  all  applications.  These  smaller  ii 
struments  are  adequate  for  many  analyses  of  materials  yieldir 
relatively  simple  spectra,  and  in  some  work,  the  much  great' 
wave-length  range  covered  by  a  single  spectrogram  may  be  a 
important  advantage.  Nonferrous  metal  laboratories  in  Canad 
Great  Britain,  and  Germany  have  made  rather  wide  use  i 
medium  quartz  instruments.  Excellent  medium  quartz  spectr 
graphs  have  been  produced  by  a  number  of  manufacturer 
Today,  in  the  United  States,  most  spectrographic  laboratory 
occasionally  encounter  analytical  problems  which  require  ii 
struments  of  higher  dispersion.  Accordingly,  since  the  co 
of  the  spectrograph  is  small  compared  to  the  saving  in  analytic 
costs  in  replacing  wet  chemical  methods  with  spectrograph 
methods,  most  industrial  laboratories  prefer  to  use  one  of  tl 
larger  prism  or  grating  instruments. 

In  general,  the  mode  of  use  and  the  optical  accessories  a: 
essentially  the  same  for  the  various  types  of  spectrograph 
On  any  spectrograph,  the  external  optical  system  is  as  importai 
as  the  optical  system  in  the  spectrograph  itself  in  making  quai 
titative  analyses.  There  are  three  main  considerations  : 
selecting  the  external  system  to  be  used  on  any  spectrograpl 
(1)  A  representative  or  reproducible  sample  of  the  emitted  figl 
must  be  presented  to  the  spectrograph.  (2)  The  exposed  po 
tion  of  the  spectrographic  slit  (or  secondary  aperture,  in  tl 
case  of  astigmatic  instruments)  must  be  uniformly  illuminate' 
(3)  The  fight  entering  the  collimator  or  grating  must  equal' 
represent  all  points  on  the  slit  or  secondary  aperture.  Also  1 
be  considered  in  the  selection  of  the  optical  system  is  the  effecth 
photographic  speed  of  the  instrument. 

The  most  generally  satisfactory  optical  system  consists  of 
lens  placed  near  the  slit  or  secondary  aperture  of  the  spectri 
graph,  with  the  analysis  gap  so  positioned  with  respect  to  tl 
lens  that  an  image  of  the  gap  is  focused  on  the  grating  or  coll 
mator.  The  focal  length  of  the  lens  employed  depends  upc 
what  portion  of  the  spark  is  to  be  sampled  and  on  the  phot' 
graphic  speed  required.  The  maximum  photographic  spet 
which  can  be  obtained  without  impairing  the  spectral  line  un 
formity  is  produced  by  using  a  focal  length  such  that  the  sour< 
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aage  precisely  fills  the  collimator  or  grating.  In  spark  work, 
le  entire  spark  column,  or  a  carefully  limited  central  section 
'  the  spark,  is  usually  sampled.  In  most  laboratories  spherical 
nses  are  used  for  this  purpose.  However,  some  laboratories 
refer  to  use  a  cylindrical  lens  placed  with  its  axis  horizontal, 

>  that  focus  is  obtained  only  in  the  vertical  direction.  Either  a 
,'lindrical  or  spherical  lens  used  in  the  above  manner  will  pro- 
uce  spectrum  lines  uniform  along  their  lengths  and  will  satisfy 
le  requirements  of  light  sampling.  The  spherical  lens  yields 
lgher  photographic  speeds  on  astigmatic  spectrographs,  while 
le  cylindrical  lens  is  somewhat  less  critical  in  its  positioning 
om  side  to  side  and  makes  the  wandering  of  the  spark  or  arc 
•ound  the  electrodes  less  effective  in  changing  the  intensity 
caching  the  grating  or  prism.  For  many  purposes,  no  condens- 
,g  lens  is  required.  In  this  case,  there  is  a  certain  minimum 
istance  from  source  to  spectrograph,  below  which  the  previously 
entioned  requirements  of  the  optical  system  are  not  met. 
Spectrographic  laboratories  of  Aluminum  Company  of  America 
nploy  all  the  general  types  of  spectrographs  discussed.  In 
mtine  work  these  instruments  are  used  interchangeably  by 
isentially  the  same  techniques  and  with  only  those  modifications 
.  accessories  necessary  to  suit  the  physical  dimensions  of  the 
struments  and  to  compensate  for  differences  in  focal  length 
id  photographic  speed. 

PHOTOGRAPHY  OF  THE  SPECTRUM 

The  next  problem  in  the  development  of  a  spectrographic 
ethod  is  the  photography  of  the  spectrum.  While  it  is  prob- 
ile  that  direct  quantitative  interpretation  of  the  spectrum  by 
lotoelectric  means  will  eventually  supersede  photography  to  a 
•eat  extent,  it  is  even  more  probable  that  photography  will  re- 
ain  one  of  the  main  problems  of  the  spectrographic  analyst 
r  some  time  to  come.  Direct-reading  instruments,  such  as  the 
uantameter  (6),  have  been  described  in  the  literature,  but  such 
iparatus  is  not  as  yet  commercially  available.  Accordingly,  this 
scussion  will  be  limited  to  photographic  techniques  of  reeord- 
g  and  measuring  spectrum  lines. 

Among  spectrographers  there  exists  a  diversity  of  opinion 
;  to  the  relative  merits  of  glass  plates  and  films  in  quantitative 
ork.  The  consensus  of  opinion  seems  to  be  that  film  is  more 
>nsistent  in  contrast  and  response  than  plates.  On  the  other 
md,  film  is  more  difficult  to  handle  during  processing  and 
msitometry,  and  only  one  available  densitometer  is  equipped 
ith  a  film  holder.  In  Aluminum  Company  of  America  labora- 
>ries,  considerable  annoyance  has  arisen  because  of  defective 
jjns  and  plates,  the  occurrence  of  defects  being  more  frequent 
l  plates  than  in  film.  Usually  the  choice  between  film  and 
.lates  has  been  made  by  the  manufacturer  of  the  spectrograph, 
id  most  commercial  instruments  are  equipped  to  handle  one  or 
le  other,  but  not  both.  Similar  emulsion  types  are  available 
i  both  films  and  plates  and  the  following  comments  apply  to 
ith: 

In  selecting  a  photographic  emulsion  for  a  particular  analytical 
>b,  the  most  important  considerations  are  response  of  the  film 

>  the  wave  lengths  required,  contrast  and  change  in  contrast 
ith  wave  length,  grain  size  of  the  emulsion,  and  ease  and  speed  of 
rocessing.  The  following  emulsions  have  been  selected  on  the 
isis  of  the  foregoing  considerations  for  use  in  Aluminum  Com- 
iny  of  America  laboratories: 

Emulsion  Application 

oectrum  Analysis  No.  1  Routine  analysis  of  aluminum  and 

magnesium 

)3-F,  W.  &  W.  process  panchromatic  General  qualitative  and  quantitative 

tests  for  all  elements  except  potas¬ 
sium 

iL  Qualitative  and  quantitative  analy¬ 

sis,  including  potassium 
N  Specific  tests  for  potassium 

Spectrum  Analysis  No.  1  (probably  the  most  widely  used  spec- 
•oscopic  emulsion  in  the  United  States)  is  fine  grained,  has  high 
mtrast  (gamma — 1.9  to  2.0  as  used  in  Aluminum  Company 


of  America  laboratories),  satisfactory  speed,  and  excellent  proc¬ 
essing  characteristics.  Its  principal  defect  is  its  relatively 
rapid  change  of  gamma  with  wave  length.  Ideally,  of  course, 
the  emulsion  should  have  the  same  gamma  at  any  two  wave  . 
lengths  to  be  used  in  combination  with  each  other.  Although 
emulsions  superior  to  Spectrum  Analysis  No.  1  in  this  respect 
have  been  developed,  they  have  been  objectionably  slow  in  proc¬ 
essing,  somewhat  coarse  grained,  and,  in  the  case  of  film,  incon¬ 
venient  to  handle  on  a  routine  basis  because  of  excessive  curling. 

It  is  the  hope  of  most  spectrographers  that  a  film  of  uniform 
gamma,  having  the  other  desirable  characteristics  of  Spectrum 
Analysis  No.  1,  will  become  available.  Within  rather  broad 
limits  the  actual  value  of  gamma  is  less  important  than  the 
variation  of  gamma  with  wave  length.  A  high  gamma,  if  re¬ 
producible,  makes  densitometric  measurements  less  critical, 
while  a  low  gamma  permits  the  use  of  a  particular  set  of  wave 
lengths  over  a  larger  range  of  concentrations. 

In  quantitative  spectrographic  analysis  the  development  and 
processing  of  the  photographic  emulsion  are  highly  important. 
Composition,  agitation,  and  temperature  of  the  developer  must  be 
reproduced  very  closely.  The  effective  strength  of  a  freshly  pre¬ 
pared  batch  of  developer  changes  rather  rapidly  on  exposure  to 
air  and  by  depletion  during  the  first  few  films  or  plates  developed 
in  it,  but  the  change  becomes  more  gradual  thereafter.  The 
use  of  fresh  developer  for  every  film  or  plate  is  not  satisfactory  be¬ 
cause  of  variation  in  the  amount  of  oxidation  occurring  during 
preparation  and  storage,  and  because  of  differences  produced  by 
minor  variations  in  technique  and  purity  of  chemicals  used.  A 
satisfactory  means  of  maintaining  developer  at  sufficiently  con¬ 
stant  activity  is  the  periodic  replacement  of  a  part  of  the  de¬ 
veloper  in  the  tray  with  new  developer.  In  Aluminum  Com¬ 
pany  of  America  routine  laboratories,  half  of  the  developer  in 
the  tray  is  replaced  with  new  developer  at  regular  intervals 
ranging  from  2  to  4  hours,  depending  on  the  quantities  of  film  or 
plates  developed. 

The  temperature  of  the  developer  and  the  rate  and  method  of 
agitation  are  also  highly  important.  The  agitation  should  be 
accomplished  in  such  a  way  that  the  same  amount  of  movement 
of  the  developer  is  produced  at  all  points  on  the  emulsion.  No 
commercially  available  spectrographic  developing  machines  are 
altogether  adequate  in  this  respect.  Developing  machines  using 
longitudinally  rocking  trays  produce  slightly  greater  develop¬ 
ment  near  the  ends  of  the  trays  and  must  be  carefully  regulated 
to  prevent  standing  waves  in  the  developing  solution.  Brushing 
the  emulsion  during  development  is  a  recognized  technique  for 
high-quality  photographic  work,  but  the  brushing  action  must 
be  accomplished  mechanically  rather  than  manually  to  obtain 
the  desired  reproducibility  of  development.  Agitation  by 
paddles  moving  close  to,  but  not  touching,  the  film  has  been 
suggested,  and  a  wide  variety  of  developing  machines  providing 
various  types  of  oscillatory  movement  of  the  plate  or  developing 
solution,  or  both,  have  been  used  successfully. 

One  developing  machine  easily  adaptable  to  routine  spectro¬ 
graphic  work  is  available  commercially.  While  this  machine 
provides  only  a  simple  longitudinal  rocking  motion,  thereby 
falling  short  of  the  ideal  machine  for  the  most  uniform  develop¬ 
ment,  it  does  have  an  acceptable  thermostatic  temperature-con¬ 
trol  system  and  has  given  reasonably  satisfactory  service  in 
many  routine  laboratories.  Machines  of  this  type  used  in 
laboratories  of  Aluminum  Company  of  America  have  given 
satisfactory  results  when  properly  adjusted.  In  using  such  a 
machine  it  is  necessary  to  maintain  the  volume  of  developer 
within  rather  close  limits  and  to  adjust  the  agitation  rate  accord¬ 
ingly.  The  films  or  plates  will  still  show  some  nonuniformity  in 
development  along  their  lengths,  but  as  long  as  the  films  or  plates 
are  always  placed  in  the  same  position  relative  to  the  tray,  the 
effects  are  so  slight  and  so  reproducible  as  largely  to  cancel  out 
in  the  spectrographic  calculations.  It  is  hoped  that  improved 
developing  machines  will  become  available  in  the  near  future. 
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In  most  spectrographic  laboratories,  developer,  shortstop, 
and  fixing  solutions  are  all  contained  in  the  developing  machine. 
Combination  shortstop  and  hardening  solutions,  and  combination 
fixing  and  hardening  solutions  are  sometimes  used.  One  satis¬ 
factory  combination,  probably  the  most  widely  used  in  American 
routine  laboratories,  consists  of  a  dilute  acetic  acid  solution  used 
as  a  shortstop,  and  a  fixing  solution  supplied  commercially  in 
liquid  form  for  x-ray  work. 

Following  are  the  essential  details  of  the  development  and 
processing  of  the  technique  used  in  the  routine  laboratories  of 
Aluminum  Company  of  America: 

Development  for  3  minutes  in  Eastman  Formula  D-19  at 
65°  F. 

Immersion  for  2  to  3  seconds  in  5%  solution  of  acetic  acid. 

Fixation  in  x-ray  fixing  solution.  The  film  or  plate  is  allowed 
to  remain  in  the  fixer  a  few  seconds  after  clearing,  the  total  im¬ 
mersion  time  being  on  the  order  of  10  to  15  seconds. 

The  emulsion  is  lightly  swabbed  with  a  dripping  wet  cellulose 
sponge  and  the  excess  water  removed  by  wiping  with  an  almost 
dry  sponge. 

Filins  are  dried  in  an  infrared  film  dryer.  Plates  are  dried  in  a 
warm  current  of  air,  either  in  a  commercially  available  machine 
or  in  an  apparatus  prepared  locally.  SA-No.  1  films  or  plates  are 
dried  in  about  1.5  minutes.  Most  other  emulsions  require  longer 
periods. 

The  above  technique  was  not  designed  for  maximum  speed. 
The  development  time  can  be  greatly  reduced  by  using  a  stronger 
developer  or  higher  intensities,  but  there  is  some  possibility  of 
impairing  reproducibility  of  development.  Much  more  rapid 
developing  and  processing  techniques  are  used  successfully  in 
laboratories  in  which  high-speed  analysis  is  a  prime  requisite, 
such  as  those  of  the  Ford  Motor  Company  and  General  Motors 
Corp. 

Spectrographic  emulsions  are  affected  rather  strongly  by 
changes  in  relative  humidity.  For  the  most  accurate  work,  it  is 
highly  desirable  that  the  spectrographic  laboratory  be  main¬ 
tained  at  constant  temperature  and  humidity. 

PHOTOMETRY 

With  the  exception  of  the  emission  source,  the  microphotometer 
is  the  most  critical  piece  of  equipment  in  the  spectrographic  labo¬ 
ratory.  (Certain  manufacturers  apply  the  term  “densitometer” 
to  instruments  of  this  type.  In  this  paper  the  more  accurately 
descriptive  term  “microphotometer”  is  applied  to  all  makes.) 
Among  the  commercially  available  microphotometers,  no  one 
instrument  will  necessarily  satisfy  all  the  requirements  of  a  par¬ 
ticular  laboratory.  All  available  instruments  have  desirable 
and  undesirable  features  and  many  laboratories  have  found  it 
necessary  either  to  build  their  own  microphotometers  or  to 
modify  purchased  instruments.  All  the  present  standard  makes 
of  microphotometers  have  been  improved  and  the  most  active 
manufacturers  in  the  field  plan  substantial  improvements  when 
conditions  permit.  At  present  the  choice  among  standard  makes 
is  largely  governed  by  the  photographic  material  to  be  used — i.e., 
whether  film  or  plates — by  the  availability  of  the  various  makes, 
and  by  the  preference  for  recording  or  nonrecording  instru¬ 
ments.  If  more  than  one  make  is  available  for  a  particular  ap¬ 
plication,  the  following  qualities  should  be  compared : 

Stability. 

Legibility  of  scale  or  chart  paper  and  the  precision  with  which 
it  can  be  read. 

Area  of  the  emulsion  whose  transmission  or  density  is  being 
measured  at  any  one  instant. 

Area  and  magnification  of  the  field  of  view  on  the  spectrogram. 

Whether  or  not  the  instrument  is  equipped  or  can  easily  be 
equipped  with  a  wave-length  scale  or  comparison  spectrogram. 

Operator  comfort  and  operator  fatigue. 

Stability  is  highly  important,  for  if  the  instrument  will  not  yield 
dependable,  reproducible  readings,  the  other  considerations  are 
meaningless.  The  galvanometer  scale,  meter  scale,  or  whatever 
means  are  provided  for  registering  the  measured  function  of 


density,  should  be  sufficiently  large  for  easy  reading,  should  have 
sufficient  number  of  graduations  to  yield  readings  of  the  desire 
precision  with  a  minimum  of  interpolation,  and  should  occuj 
such  a  position  that  the  operator  is  not  required  to  turn  or  i 
cline  his  head  in  looking  back  and  forth  from  spectrogram 
meter  or  galvanometer  scale. 

The  area  of  the  emulsion  included  by  the  beam  of  light  reac 
ing  the  photocell  should  be  large  enough  to  include  a  large  nur 
ber  of  emulsion  grains,  thus  providing  insurance  against  erro 
caused  by  nonuniformity  within  the  grains  themselves  and  ra 
dom  differences  between  individual  grains.  Optimum  slit  dime 
sions  are  governed  by  the  grain  size  of  the  emulsion,  the  wid 
and  transverse  contour  of  the  line  images  to  be  measured,  and  tl 
available  length  of  line  on  the  film  or  plate.  With  modern  fin 
grained  emulsions,  it  is  generally  conceded  that  10,000  squa 
microns  is  a  satisfactory  cross-sectional  area  for  the  light  beai 
The  width  of  the  beam  should  be  substantially  less  than  tl 
width  of  the  spectrum  line  to  ensure  that  the  microphotometer 
permitted  to  yield  a  deflection  representing  the  maximum  blac 
ness  of  the  image,  and  the  beam  should  be  shorter  than  tl 
spectrum  line  by  an  amount  sufficient  to  provide  a  practical  ma 
gin  of  safety  in  adjusting  the  position  of  the  spectrogram  wii 
respect  to  the  beam.  The  beam  should  be  provided  with  a  r 
tary  adjustment,  so  that  it  can  be  made  parallel  to  the  spectru 
line  mage.  If  the  light  beam  is  rectangular,  its  maximum  lengi 
is  limited  by  the  curvature  of  the  spectrum  line  image  in  tl 
case  of  prism  instruments,  and  if  it  is  desired  that  relative 
long  spectrum  lines  be  measured  on  prism  spectrographs,  a  cum 
photometer  beam  is  desirable.  In  analytical  procedures  d 
signed  for  maximum  speed  on  individual  samples,  the  area  coven 
by  the  light  beam  can  be  made  relatively  large  by  using  long  sli 
on  the  spectrograph.  In  procedures  designed  primarily  for  tl 
most  economical  handling  of  large  numbers  of  samples,  as  in  tl 
procedures  used  by  Aluminum  Company  of  America,  relative' 
short  slits  are  used  in  order  to  record  a  larger  number  of  specti 
per  plate  or  film. 

The  area  and  magnification  of  the  portion  of  the  spectrogra 
visible  to  the  operator  during  or  immediately  before  measur 
ment  are  important.  The  operator  should  be  able  to  see  a  su 
ficient  spectral  range  to  enable  him  to  orient  himself  quicki 
through  the  recognition  of  familiar  groups  of  lines.  The  spectr 
gram  should  be  magnified  sufficiently  to  prevent  the  measuremei 
of  the  wrong  line  when  the  desired  line  lies  close  to  other  lim 
and  to  permit  the  detection  of  dust  particles  or  flaws  in  the  emu , 
sion  or  emulsion  base  which  would  introduce  errors  in  measur 
ment.  In  most  applications,  a  magnification  at  least  tenfold  ; 
desirable.  For  most  purposes  a  field  of  view  including  50  An), 
stroms  is  adequate  if  a  satisfactory  wave-length  scale  is  used, 
no  wave-length  scale  is  available  a  field  of  view  of  100  or  2( 
Angstroms  is  usually  desirable. 

A  wave-length  scale  or  comparison  spectrum,  preferably  both 
semipermanently  mounted  in  the  microphotometer,  is  a  desirab 
accessory  for  operational  speed  and  convenience.  This  is  partici 
larly  true  in  the  training  of  inexperienced  operators  in  routin, 
applications,  where  the  operator  must  develop  speed  in  measure 
ment  before  becoming  thoroughly  familiar  with  the  spectra  ir 
volved  in  the  analysis.  As  operators  become  more  experiencec 
the  wave-length  scale  and  standard  spectrum  are  used  less  an 
less  until  finally  they  are  used  only  for  occasional  reference. 

Considerations  of  operator  comfort  and  fatigue  should  b 
given  a  great  deal  of  weight  in  the  selection  of  an  instrument  fc 
routine  use.  Several  otherwise  excellent  microphotometer 
have  been  faulty  in  this  respect  and  an  instrument  which  is  quit 
satisfactory  for  occasional  use  in  research  type  work  may  be  altc 
gether  inadequate  for  continuous  use  in  a  routine  application  be. 
cause  of  the  failure  of  the  designer  to  consider  the  comfort  of  th 
operator.  The  following  points  are  important  in  this  connection 

Adequate  illumination  of  all  meters,  scales,  and  dials  regular!’ ■ 
read  during  measurement. 


pvember,  1944 


ANALYTICAL  EDITION 


661 


||  Magnification,  illumination,  and  clarity  of  the  spectrogram 
[page  viewed  during  measurement. 

1  Positions  of  spectrogram  image  and  scale  registering  the 
basurement.  Both  should  be  approximately  at  eye  level  and 
nse  together. 

[Arrangement  and  ease  of  manipulation  of  controls. 

Posture  of  operator  during  measurement.  Instruments  which 
Ijquire  the  operator  to  work  with  head  or  back  inclined  are  par- 
:ularly  undesirable  in  continuous  operation.  The  most  generally 
tisfactory  instruments  with  respect  to  operator  fatigue  are 
ose  in  which  the  operator  sits  with  back  and  head  erect  and  can 
pw  both  the  spectrogram  and  the  galvanometer  or  meter  dial 
I  approximately  eye  level. 

I  When  two  or  more  microphotometers  are  to  be  used  inter- 
angeably  in  the  same  laboratory,  a  further  requirement  must  be 
let.  The  relationship  between  deflection  and  photographic  den- 
y  should  be  the  same  for  all  the  instruments  to  be  used  inter- 
langeably.  Otherwise,  a  separate  emulsion  calibration  would 
:  required  for  each  instrument,  causing  complication  and  pos- 
de  confusion  in  the  analytical  operations.  For  this  reason, 
Aluminum  Company  of  America  laboratories,  microphotom- 
ers  which  are  very  nearly  linear  or  can  be  adjusted  to  linearity 
e  preferred.  By  a  linear  microphotometer  is  meant  one  whose 
flections  are  directly  proportional  to  the  transmission  of  the 
lotographic  emulsion. 

The  amount  of  scattered  light  reaching  the  photocell  is  a  very 
liportant  consideration  in  the  design  of  a  microphotometer, 
owever,  in  the  author’s  experience,  scattered  light  has  been  of 
Icondary  importance  in  choosing  between  standard  makes  of 
liicrophotometers,  simply  because  the  available  instruments 

I.ve  been  reasonably  satisfactory  in  this  respect.  The  most 
tportant  effects  of  scattered  light  are  the  loss  of  sensitivity  in  the 
easurement  of  weak  lines  and  the  change  in  the  response  curve 
lie  curve  relating  deflection  and  transmission).  Since  the  latter 
automatically  taken  care  of  in  calibration,  an  increase  in  the 
oportion  of  scattered  light  merely  necessitates  higher  repro- 
icibility  of  deflections  and  greater  precision  in  reading  deflec- 
ms.  All  other  considerations  being  equal,  an  instrument  pro¬ 
icing  a  minimum  of  scattered  light  obviously  is  desirable. 

The  arrangement  and  mechanism  of  the  various  controls  on  the 
icrophotometer  are  important  in  any  particular  application, 
it  the  requirements  vary  considerably  among  different  applica- 
ms.  In  mass  production  work,  where  greater  emphasis  is 

Iaced  on  economy  than  on  the  speed  of  an  individual  analysis, 
rge  numbers  of  spectra  of  relatively  small  height  are  used.  In 
ch  applications  an  accurate  rack  and  pinion  mechanism  or  its 
juivalent  is  required  for  rapidly  adjusting  the  position  of  the 
ectrogram  prior  to  measurement.  In  high-speed  analysis  using 
ectra  of  larger  height,  the  vertical  positioning  of  the  spectra  is 
3s  critical  and  a  manual  sliding  adjustment  may  be  preferred 
'r  mechanical  simplicity.  In  all  cases,  the  controls  should  be 
iranged  for  maximum  accessibility  and  ease  of  manipulation, 
laborate  and  complicated  controls,  either  electrical  or  mechani- 
,1,  should  be  avoided. 

I  In  the  accurate  measurement  of  a  spectrum  line,  the  speed  of 
lanning  the  line  is  limited  by  the  period  of  the  galvanometer, 
eter,  or  other  registering  mechanism.  If  the  line  is  scanned 
o  rapidly,  the  proper  deflection  obviously  will  not  be  attained, 
qually  obvious  is  the  desirability  of  scanning  as  rapidly  as 
issible  for  economy  of  time.  Hence,  there  is  an  optimum 
anning  speed  which  depends  on  the  characteristics  of  the  par- 
:ular  microphotometer  and  the  width  of  the  spectrum  lines, 
i  order  to  ensure  a  close  approximation  of  this  optimum  scanning 
'•eed,  a  motor-driven  scanning  mechanism  is  to  be  preferred, 
oviding  that  the  mechanism  is  not  overcomplicated.  How- 
er,  at  least  one  very  satisfactory  standard  make  employs 
anual  scanning.  Regardless  of  the  means  provided  for  scan- 
ng,  at  least  two  types  of  movement  parallel  to  the  spectrum 
iould  be  provided — a  coarse  movement  for  positioning  the  spec- 
logram  prior  to  measurement,  and  a  fine  motion  for  actual 
anning.  One  excellent  microphotometer  actually  provides  four 


Table  II.  Characteristics  of  Three  Makes  of  Microphotometcr* 


Leeds  & 
Northrup 


University 

of  A.R.L.- 

Michigan  Dietert 


Stability 

Legibility  of  scale 
Densitometered  area 
Field  of  view 
Linearity 

Provision  for  wave-length 
scale 

Provision  for  reference  spec¬ 
trogram 
Scanning 

Racking 

Plate  or  film  holder 
Position  of  film  or  plate 
Necessity  for  optical  align¬ 
ment 
Amplifier 


1 

1 

3 

3 

2 

No 

No 

Synchronous 
motor 
Rack  and 
pinion 
Plate 
Vertical 

Each  plate 
Yes 


2 

1 

1 

2 

2 

No 

Yes 

Manual 

Manual 

Plate 

Horizontal 

Occasional 

No 


3 

1 

2 

I 

1 

Yes 

Yes 

Synchronous 

motor 

Rack  and  pin¬ 
ion 

Plate  and  film 
Horizontal 

Occasional 

Yes 


Note.  Numbers  1,  2,  and  3  denote  rank  of  instruments  when  arranged 
in  descending  order  with  respect  to  the  particular  attribute  or  quality  com¬ 
pared,  based  on  manufacturers’  literature  and  the  author’s  experience. 


such  movements,  the  carriage  being  movable  by  manually  push¬ 
ing  on  it,  by  turning  a  crank,  or  by  the  use  of  a  vernier  knob, 
while  the  fourth  motion  is  provided  by  the  motor-driven  move¬ 
ment  of  a  receiver  slit  during  scanning.  At  least  one  of  these 
movements  is  superfluous. 

Aside  from  the  many  successful  instruments  built  by  the  users 
themselves  or  custom-built  by  instrument  manufacturers,  there 
are  at  least  three  satisfactory  microphotometers  available  to 
American  industry.  Table  II  gives  a  comparison  of  these  three 
instruments  based  on  the  experience  of  laboratories  using  them. 

In  laboratories  employing  spectrographs  using  35-mm.  film, 
the  choice  of  the  microphotometer  is  virtually  limited  to  one  de¬ 
signed  specifically  for  the  measurement  of  film.  Most  available 
instruments  not  only  lack  any  provision  for  mounting  film,  but 
are  very  sensitive  to  the  focus  of  the  light  beam  on  the  emulsion 
or  the  focus  of  the  spectrogram  image  on  a  slit.  The  difficulty  of 
mounting  a  film  in  such  a  way  that  it  will  lie  exactly  in  a  plane 
perpendicular  to  the  optic  axis  makes  the  application  of  several 
available  microphotometers  to  the  measurement  of  35-mm.  film 
rather  impractical. 

While  a  number  of  other  makes  of  microphotometers  are  used  in 
analytical  work,  only  those  which  are  currently  available  and  are 
applicable  to  the  methods  described  are  included  in  this  compari¬ 
son. 

Since  most  of  the  manipulative  steps  in  photometric  meas¬ 
urement  are  dictated  by  the  design  of  the  instrument  used,  there 
are  only  a  few  points  in  connection  with  the  technique  which 
require  discussion.  In  most  spectrographic  procedures,  the 
microphotometer  is  adjusted  to  yield  certain  standard  deflec¬ 
tions  for  unexposed  emulsion  and  for  complete  opacity.  On  most 
conventional  instruments,  the  adjustment  is  so  made  that  a  scale 
reading  of  100  is  obtained  on  unexposed  emulsion  and  a  reading 
of  zero  on  an  image  of  infinite  density.  If  such  an  instrument  is 
linear,  the  deflection  registered  represents  per  cent  light  trans¬ 
mission  of  the  emulsion  area  measured.  Unexposed  emulsion 
is  to  be  preferred  to  spectral  background  for  adjusting  the  maxi¬ 
mum  deflection,  even  when  significant  amounts  of  spectral  back¬ 
ground  are  superimposed  on  the  lines  to  be  measured.  In  some 
laboratories,  the  deflection  is  set  to  the  desired  maximum  in  the 
spectrum  itself  at  some  selected  point  near  the  line  to  be  meas¬ 
ured.  This  is  done  as  a  means  of  correcting  for  spectral  back¬ 
ground  and  serves  as  such  a  correction  in  the  proper  direction,  but 
not  usually  of  the  proper  magnitude.  This  practice  often  results 
in  greater  errors  in  final  analytical  results  than  setting  on  unex¬ 
posed  emulsion  and  ignoring  spectral  background.  The  best 
procedure  in  most  analyses  is  to  do  everything  possible  to  keep 
spectral  background  to  a  minimum  and  then  to  correct  for  it  either 
rigorously  or  not  at  all.  Corrections  for  spectral  background  will 
be  discussed  further  under  “Calibrations  and  Calculations”. 
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Two  routine  systems  of  photometric  measurement  are  used  in 
Aluminum  Company  of  America  laboratories.  These  are  gener¬ 
ally  referred  to  as  the  vertical  system  and  the  horizontal  system. 
In  the  vertical  system,  the  operator  measures  a  spectrum  line  of  a 
given  wave  length  in  all  spectra  on  the  film  or  plate  before  pro¬ 
ceeding  to  the  next  line.  In  the  horizontal  system,  the  operator 
measures  the  internal  standard  fine  and  all  the  analysis  fines 
in  one  spectrum  before  proceeding  to  the  next  spectrum.  The 
vertical  system  requires  somewhat  less  time  for  a  group  of 
samples  but  an  instrument  of  greater  stability. 

The  vertical  system  of  measurement  is  used  in  those  routine 
laboratories  of  Aluminum  Company  of  America  which  are 
equipped  with  recording  microphotometers.  The  high  stability  of 
the  recording  instruments  used  removes  the  principal  disad¬ 
vantage  of  vertical  reading.  Moreover,  the  arrangement  of 
controls  and  the  lack  of  any  adequate  comparator  feature  make 
horizontal  reading  impractical  on  the  particular  instruments 
used. 

In  Aluminum  Company  of  America  laboratories  using  non¬ 
recording  instruments,  the  horizontal  system  is  usually  employed 
for  three  main  reasons:  (1)  Calculations  are  made  concurrently 
with  densitometric  measurements  and  calculation  is  faster  and 
more  convenient  when  all  data  on  a  particular  sample  are  pre¬ 
sented  in  sequence  before  proceeding  to  the  next  sample.  (2) 
The  excellent  field  of  view  and  convenient  controls  of  the  par¬ 
ticular  instruments  employed  largely  eliminate  the  disadvan¬ 
tages  of  horizontal  reading  on  a  less  conveniently  arranged  in¬ 
strument.  (3)  Horizontal  reading  is  slightly  more  accurate, 
since  the  effects  of  any  drift  of  the  microphotometer  are  mini¬ 
mized. 

In  the  laboratories  using  this  system,  the  adjustment  of  zero 
and  clear  film  deflection  is  made  before  starting  to  measure  the 
first  spectrum  and  is  checked  between  spectra  at  intervals  whose 
frequency  depends  upon  the  stability  of  the  microphotometer. 
In  no  case,  however,  is  the  zero  or  clear  film  deflection  deliber¬ 
ately  changed  or  adjusted  during  or  between  measurements  on 
the  same  spectrum.  If  the  validity  of  the  adjustment  is  in  doubt 
during  the  course  of  measuring  a  spectrogram,  the  settings  are 
checked  and  the  entire  set  of  lines  remeasured  for  the  spectrum. 
Differences  in  unexposed  film  transmission  at  different  locations 
on  the  film  are  ignored  and  the  clear  film  deflection  is  always 
adjusted  at  the  same  location  on  the  film.  Corrective  adjust¬ 
ments,  intended  to  reduce  errors  caused  by  differences  in  unex¬ 
posed  emulsion  readings  at  different  locations  on  the  film,  have 
been  found  actually  to  increase  the  errors  in  routine  analysis  be¬ 
cause  the  uncertainty  of  setting  is  directly  effective  in  introducing 
an  error  in  the  measurement  of  intensity  ratios.  When  the  lines 
are  measured  with  the  same  setting  of  the  instrument,  even 
though  that  setting  be  subjected  to  appreciable  error  (as  much 
as  1  or  2%  in  routine  work),  the  effect  of  the  uncertainty  of  ad¬ 
justment  on  the  analysis  line  is  virtually  cancelled  by  the  effect 
on  the  internal  standard. 

In  most  laboratories,  pairs  of  operators  are  used  as  micropho¬ 
tometer-calculator  teams.  One  member  of  the  team  operates  the 
microphotometer  and  reads  the  deflections  aloud,  and  the  other 
makes  the  calculations  and  copies  the  data,  often  making  out  the 
final  report  as  fast  as  measurements  are  made.  Teams  operating 
in  this  way  have  attained  speeds  of  well  over  400  reported  deter¬ 
minations  per  elapsed  hour  in  laboratories  organized  for  large 
mass  production  of  analyses. 

While  the  actual  manipulations  of  measurement  are  simple  and 
any  reasonably  dexterous  person  can  attain  the  speed  and  de¬ 
pendability  of  measurement  required,  the  microphotometer 
team  in  a  routine  laboratory  must  carry  the  largest  part  of  the 
responsibilit3r  for  the  entire  analytical  procedure.  Of  all  the 
crew  members,  they  are  best  situated  to  observe  both  the  end 
results,  the  symptoms  of  maladjusted  apparatus,  or  faulty  tech¬ 
nique.  They  must  detect  faults  or  symptoms  of  faults  in  the 
procedure  and  apparatus,  such  as  the  following: 


Out  of  focus  spectra. 

Misaligned  spectrograph  slit. 

Obstructions  in  the  slit  or  elsewhere  in  the  fight  path  of  tl 
spectrograph. 

Poor  fine  uniformity  because  of  misaligned  optics  on  the  spe 
trograph. 

Poor  reproducibility  of  absolute  densities  or  of  duplica 

analyses. 

Excessive  changes  in  emulsion  or  concentration  calibrations 

Excessively  weak  or  strong  spectrograms. 

Evidences  of  defective  development  or  processing  techniqi  | 
on  the  films  or  plates. 

Fogging  of  films  by  friction  in  camera  exit. 

Fogging  of  films  or  plates  by  fight  leaks  in  spectrograph  < 
darkroom. 

Scratched,  dirty,  or  originally  defective  films  or  plates. 

Erraticness  of  mierophotometer  when  spark  unit  is  turned  o 
This  may  be  either  the  result  of  poor  electrical  shield  or  sympt 
matic  of  a  fault  in  the  spark  unit. 

In  addition,  the  mierophotometer  team  must  select  the  analys 
to  be  rechecked,  must  recognize  unusual  or  unreasonable  r 
suits,  and  must  detect  and  report  unexpected  elements  not  ii  I 
eluded  in  the  regular  routine  analysis.  They  must  also  dete^ 
any  defects  in  the  operation  of  the  mierophotometer,  and  shou 
be  able  to  make  the  necessary  adjustments,  replacements,  ar 
minor  repairs  necessary  for  efficient,  uninterrupted  operation.  , 

CALIBRATIONS  AND  CALCULATIONS 

General  Considerations.  Methods  for  the  quantitath 
interpretation  of  emission  spectra  fall  into  two  general  classe 
comparison  standard  methods  and  internal  standard  method 
The  term  “comparison  standard”  is  applied  to  all  methods 
which  concentration  is  deduced  from  the  blackness  of  the  analys 
line  in  the  spectrum  of  the  sample  as  compared  to  its  blackne 
in  spectra  of  standards.  Internal  standard  methods  embrace  s 
methods  in  which  concentration  is  determined  through  its  re! 
tionship  to  the  intensity  ratio  of  a  fine  of  the  element  to  1 
determined  and  a  fine  of  another  element  present  in  constai 
amount. 

Comparison  standard  methods  are  used,  at  least  to  a  fimitc 
extent,  in  most  general  analytical  laboratories.  While,  in  generi 
they  are  less  accurate  than  internal  standard  methods,  they  a 
often  more  practical  or  convenient,  particularly  in  cases  where  t 
internal  standard  fine  of  suitable  characteristics  is  not  availabl 
In  the  determination  of  minor  impurities,  comparison  standai 
methods  are  often  adequate  and  in  a  few  special  cases  the  abs 
lute  reproducibility  of  intensities  is  such  that  the  comparisc 
standard  method  approaches  the  internal  standard  method 
accuracy. 

The  internal  standard  method  owes  its  general  superioril 
to  the  fact  that  variations  in  the  internal  standard  fine  provi< 
automatic  correction  for  variations  in  excitation,  optical  afig 
ment,  exposure,  and,  to  a  limited  extent,  for  variations  in  the  r 
sponse  of  the  photographic  emulsion.  In  the  internal  standai 
method  it  is  assumed  that  all  variables  other  than  concentratic 
affect  the  measured  intensities  of  the  analysis  line  and  intern 
standard  fine  to  the  same  degree.  Unfortunately,  this  assumj 
tion  is  not  rigorously  correct.  Except  in  cases  where  the  ioniz; 
tion  and  excitation  potentials  of  the  two  elements  are  simila 
changes  in  electrical  conditions  may  affect  the  two  fines  diffe 
ently.  Moreover,  differences  in  boiling  point,  stability  of  con 
pounds,  or  self-reversal  effects  may  also  affect  intensity  ratio 
In  addition  to  these  factors  affecting  the  actual  intensity  ratio 
a  number  of  factors  may  affect  the  measurement  of  the  relath 
intensities  of  the  two  fines  in  such  a  way  as  to  affect  the  apparei 
intensity  ratios.  Misalignment  of  the  source  with  respect  to  tl 
optics,  or  of  the  optics  in  relation  to  each  other,  may  produce 
substantial  change  in  apparent  intensity  ratio  in  cases  where  tl 
intensity  distribution  of  the  two  wave  lengths  is  different  in  tl 
source.  (In  other  words,  the  sampling  of  the  two  wave  lengtl 
may  not  be  proportional.) 
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The  internal  standard  system  corrects  for  variations  in  exposure 
me  only  to  the  extent  that  the  reciprocity  law  of  the  photo- 
•aphic  plate  holds.  Variations  in  the  response  of  the  photo- 
:aphic  emulsion  introduce  errors  in  intensity  ratios  unless  taken 
ire  of  by  calibration  corrections.  In  view  of  the  effects  of  these 
ariables  which  influence  intensity  ratios,  it  is  obvious  that  while 
le  internal  standard  method  tends  to  correct  for  the  variables 
her  than  concentration,  the  correction  it  actually  applies  may 
ot  ie  precisely  accurate.  Since  the  magnitude  of  these  effects 
3creases  as  the  reproducibility  of  absolute  intensity  increases, 
re ry  effort  should  be  made  towards  the  elimination  of  all  vari- 
ffes  which  will  affect  intensities  or  intensity  measurements, 
i^henever  possible,  measurements  are  restricted  to  line  pairs  of 
bry  similar  excitation  characteristics.  Of  course,  in  many 
tialyses  the  analyst  has  little  choice  in  the  selection  of  lines.  In 
le  analysis  of  aluminum  alloys,  for  example,  the  choice  of  lines 
mailable  is  so  limited  that  little  attention  can  be  paid  to  atomic 
•igins.  In  all  applications,  the  validity  of  the  fundamental 
jsumptions  of  the  internal  standard  method  and  the  reliability 
the  results  obtained  depend  upon  the  reproducibility  of  ex- 
tation  optics  and  photography.  For  maximum  accuracy,  the 
ethod  resolves  itself  into  one  in  which  an  attempt  is  made  to 
move  all  variables  in  absolute  intensities  and  then  an  approxi- 
ate  correction  is  applied  to  take  care  of  the  residual  variability 
the  overall  procedure. 

.  Bearing  in  mind  the  foregoing  limitations,  the  basic  assumption 
,  the  internal  standard  method  can  be  expressed  by  the  simple 
iationship 

C  = 

here  C  is  concentration,  /„  and  I„  are  the  relative  intensities 
the  analysis  line  and  internal  standard  line,  respectively,  and  / 
i  simply  used  as  a  symbol  to  denote  a  mathematical  function  of 
ie  single  variable  /„//«.  While  no  assumptions  concerning  the 
dure  of  this  function  need  be  made,  the  form  of  the  analytical 
irves  derived  from  experimental  data  indicates  that  the  follow- 
g  equation  holds  within  the  range  of  concentration  over  which 

1  internal  standard  line  is  used: 

log  C  =  Kx  log  I  a/I,  +  K, 

For  most  practical  purposes  Ki  may  be  considered  a  constant, 
nee  the  curves  relating  log  C  and  log  Ia/I,  generally  have  a 
igligible  curvature  in  the  relatively  short  range  over  which  the 
articular  line  pair  is  used.  Actually,  of  course,  K\  is  a  variable 
hich  is  a  function  of  self-reversal  and  other  excitation  effects. 

2  is  virtually  constant  within  any  particular  series  of  tests  within 
limited  period  of  time,  but  has  been  found  to  vary  over  longer 
jriods.  Changes  in  K-,  are  simply  manifestations  of  the  familiar 
lurve-drift”  which  will  be  discussed  later. 

i  Somewhat  more  rigorous  equations  relating  concentration  and 
tensity  ratio  have  been  suggested,  but  they  are  of  only  academic 
terest  to  the  spectrographer  involved  in  practical,  quantitative 
rnlysis.  The  only  assumption  of  the  internal  standard  method 
s  to  the  relationship  between  concentrations  and  intensities 
that  concentration  is  a  function  of  the  single  variable,  I  a/1,. 
Emulsion  Calibration.  Since  the  internal  standard  method 
volves  the  determination  of  intensity  ratios,  the  first  step  in 
le  procedure  is  the  conversion  of  the  data  obtained  from  the 
icrophotometer  to  relative  intensities.  Until  a  few  years  ago, 
lis  was  accomplished  by  simply  restricting  all  photometric  meas- 
rements  to  the  approximately  straight-line  portion  of  the  H. 
id  D.  curve  of  the  plate  and  assuming  that  log  I  =  K  log  T,  T 
;ing  the  photometric  deflection.  With  this  assumption,  deflec- 
on  ratios  were  used  directly  in  place  of  intensity  ratios.  This 
ethod  is  still  used  by  a  few  laboratories  in  this  country  and  by  a 
insiderable  number  of  British  laboratories.  However,'  the 
meral  consensus  today  favors  the  methods  of  somewhat  wider 
•ope  and  greater  accuracy,  involving  the  actual  calibration  of 
ie  photographic  emulsion  in  terms  of  relative  intensities.  Fol¬ 


lowing  are  the  five  principal  methods  of  emulsion  calibration 
used  in  quantitative  spectrography : 

1.  Inverse  Square  Method.  This  method  consists  of  simply 
preparing  a  number  of  exposures  using  the  source  at  various  meas¬ 
ured  distances  from  the  spectrograph  slit  with  no  lenses  or  other 
optical  parts  intervening  between  source  and  slit.  It  is  compli¬ 
cated  to  some  degree  by  diffraction  effects  at  the  slit  and  by 
changes  in  the  sampling  of  the  light  as  the  distance  from  source 
to  slit  is  varied.  On  prism  spectrographs  the  method  has  seen 
practical  use  in  a  number  of  applications.  The  accuracy  ob¬ 
tained  depends,  of  course,  on  the  absolute  reproducibility  of  in¬ 
tensity  and  exposure  time.  This  fact,  together  with  considera¬ 
tions  of  speed  and  convenience,  makes  the  inverse  square  method 
impractical  in  most  routine  work  and  restricts  its  application 
largely  to  special  research  problems  and  tq  verification  work 
supplementing  other  methods  of  calibration. 

2.  Step  Wedge  or  Step  Filter  Method.  A  step  wedge  or  step 
filter  placed  at  the  vertical  focus  of  the  spectrograph  (at  the  slit 
of  a  stigmatic  instrument,  at  the  secondary  focus  of  an  astig¬ 
matic  instrument)  may  be  used  for  the  simultaneous  production 
of  a  number  of  exposures  of  known  relative  intensities.  The  rela¬ 
tive  transmission  of  the  various  steps  with  respect  to  the  wave 
lengths  at  which  the  calibration  is  to  be  made  must  be  known  in 
advance  or  determined  by  some  other  means  of  calibration.  The 
chief  disadvantages  of  this  method  lie  in  its  dependence  on  uni¬ 
formity  of  illumination  and  in  the  unavailability  of  satisfactory 
filters  or  wedges  with  respect  to  quality  and  uniformity  of  rela¬ 
tive  transmission  at  different  wave  lengths. 

3.  Step  Sector  Method.  This  is  the  most  widely  used  system 
of  emulsion  calibration  in  quantitative  spectrography.  The  de¬ 
sign  and  mechanism  of  the  step  sector  and  the  method  of  prepar¬ 
ing  step  spectrograms  have  been  described  repeatedly  in  the 
literature  and  in  the  instructions  supplied  by  the  manufacturers 
of  the  equipment. 

In  the  step  sector  method  a  series  of  calibration  spectrograms  is 
produced  simultaneously  through  the  use  of  a  rotating  disk  hav¬ 
ing  a  series  of  stepped  apertures  so  arranged  that  the  ratio  of  the 
exposures  of  any  two  successive  steps  will  be  a  constant,  usually 
in  the  neighborhood  of  1.5  or  2.0.  The  sector  disk  is  placed  im¬ 
mediately  in  front  of  the  slit  on  a  stigmatic  spectrograph  and  at 
the  secondary  focus  of  an  astigmatic  spectrograph.  Most  step 
sectors  have  from  4  to  9  steps,  although  only  2  steps  are  actually 
required.  It  is  assumed  that  the  rotation  of  the  sector  is  suffi¬ 
ciently  rapid  that  the  relative  exposures  produced  by  the  various 
apertures  can  be  treated  as  relative  intensities,  and  the  calibra¬ 
tion  curve  may  be  prepared  by  simply  plotting  microphotometer 
deflections  as  ordinates  against  relative  exposures  as  abscissas 
for  several  spectrum  lines  and  fitting  the  curves  together  by 
moving  them  laterally  until  they  are  partially  superimposed. 

A  more  accurate  and  convenient  means  for  combining  the  data 
from  a  number  of  wave  lengths  or  from  different  step  spectro¬ 
grams  is  provided  by  the  Preliminary  Curve  Method.  This 
method  consists  of  first  plotting  each  deflection  against  the  de¬ 
flection  for  the  same  wave  length  in  the  succeeding  step  of  the 
step  spectrogram.  In  other  words,  the  deflection  for  any  given 
intensity,  /,  is  plotted  against  the  deflection  for  an  intensity  of 
rl,  r  being  the  ratio  between  the  successive  exposures.  After  all 
the  data  are  plotted  in  this  way  on  either  linear  or  logarithmic 
coordinates,  the  best  smooth  curve  is  drawn  and  a  series  of  data, 
which  will  represent  the  average  of  all  the  individual  series,  can 
be  read  from  the  curve  and  used  to  prepare  the  final  emulsion 
calibration  curve.  The  use  of  a  preliminary  curve  is  dealt  with 
in  greater  detail  in  the  Two-Line  Method  described  below. 

While  its  practical  usefulness  is  evidenced  by  its  wide  use  in 
industry,  the  step  sector  method  has  the  following  disadvantages: 

a.  Large  errors  possible  from  stroboscopic  effects  with  inter¬ 
mittent  sources,  such  as  the  alternating  current  spark. 

b.  Small  errors  introduced  by  effects  of  the  intermittency 
introduced  both  by  the  sector  and  the  source  itself  on  the  response 
of  the  photographic  emulsion. 

c.  Nonuniform  illumination  of  the  sector  and  nonuniform 
sampling  of  the  light  as  a  result  of  any  defects  in  lenses  or  spectro¬ 
graph  slit,  or  as  a  result  of  target  effects  originating  in  nonuni¬ 
form  grating  or  prism. 

d.  Highly  critical  adjustment  of  sector,  light  source,  and  lenses 
necessary  for  accurate  work. 

e.  Time  consumption  and  inconvenience  in  having  to  make  a 
special  test  under  conditions  usually  differing  from  regular  ana¬ 
lytical  exposure. 

4.  Methods  Involving  Groups  of  Previously  Calibrated  Lines. 
A  calibration  method  involving  the  use  of  groups  of  iron  lines 
whose  relative  intensities  have  been  previously  determined  has 
been  rather  widely  used  for  a  number  of  years.  In  it,  an  attempt 
is  made  to  select  lines  which  not  only  cover  the  necessary  range 
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of  intensities  in  a  single  exposure  but  are  invariant  in  relative 
intensity  with  respect  to  each  other.  The  relative  intensity  values 
must  be  determined  originally  by  one  of  the  other  calibration 
methods  on  the  particular  apparatus  to  be  used  in  analysis. 
This  method  is  particularly  applicable  to  the  analysis  of  iron  and 
steel,  since  the  iron  spectrum  affords  a  relatively  wide  selection  of 
lines.  The  method,  of  course,  can  be  applied  to  any  other  mate¬ 
rial  by  simply  recording  iron  spectra  on  the  plates  or  films  for 
calibration  purposes. 


I  10  100 

DEFLECTION  FOR  2755.7 

Figure  3.  Preliminary  Curve  Used  in  Two-Line  Calibration 

Method 

• 

In  general,  the  method  is  superior  to  the  step  sector  method 
and  easier  to  use,  once  the  large  amount  of  preliminary  experi¬ 
mental  work  has  been  done.  As  a  matter  of  fact,  the  only  serious 
objections  are  the  relatively  large  amount  of  preliminary  work 
which  must  be  done  in  each  laboratory  and  on  each  spectrograph 
and  the  direct  dependence  of  analytical  accuracy  on  the  quality 
of  this  preliminary  work.  Attempts  to  transfer  the  relative  in¬ 
tensity  data  on  the  calibration  group  from  one  type  of  apparatus 
to  another  have  indicated  that  it  is  unsafe  to  base  the  work  of  one 
laboratory  on  a  calibration  group  evaluated  in  another  laboratory, 
unless  the  apparatus  in  the  two  laboratories  is  very  similar  and 
the  excitation  techniques  are  identical.  The  method  could  be 
based  on  calibration  groups  comprising  lines  of  an  element  other 
than  iron,  but  the  author  is  unaware  of  any  published  works 
giving  data  on  other  elements.  Most  of  the  common  non- 
ferrous  alloys  have  spectra  too  poor  in  lines  to  be  used  directly 
for  calibration  purposes  by  this  method.  In  such  cases,  the  use 
of  iron  groups  is  feasible  and  simply  requires  the  preparation  of 
iron  spectra  whenever  a  calibration  is  to  be  made. 

5.  Two-Line  Method.  This  method  combines  most  of  the 
advantages  of  the  foregoing  methods  and  avoids  most  of  their 
disadvantages.  Because  it  has  not  been  published  before,  a 
more  detailed  treatment  is  given  in  the  following  section. 

Two-Line  Method  of  Emulsion  Calibration.  In  the  two- 
line  method,  as  in  foregoing  calibration  methods,  the  starting 
point  in  calibration  is  the  accumulation  of  data  consisting  of  a 
number  of  microphotometer  readings  on  the  photographed  im¬ 
ages  of  spectrum  lines  bearing  some  fixed  ratio  of  intensity  to 
each  other.  In  all  cases,  one  significant  datum  is  provided  by  two 
readings,  one  representing  an  intensity  weaker  or  stronger  by 
some  fixed  ratio  than  the  other.  In  the  step  sector  method,  this 
ratio  is  determined  by  the  ratio  between  successive  step  sector 
apertures,  while  in  the  two-line  system  the  ratio  is  fixed  by  the 
inherent  intensity  relationship  between  two  spectrum  lines  of 
different  wave  lengths.  The  actual  intensity  ratio  of  these  two 
lines  need  not  be  known  except  very  roughly. 

The  line  pair  used  in  the  two-line  method  must  have  the  follow¬ 
ing  qualities: 

It  must  occur  at  accurately  measurable  densities  in  the  routine 
spectrograms  of  at  least  a  portion  of  the  samples  analyzed  daily 
in  the  laboratory. 


The  intensity  ratio  between  the  two  lines  should  lie  somewht 
between  1.2  and  2.0. 

The  intensity  ratio  between  the  two  lines  must  remain  consta 
under  ordinary  operating  conditions  and  be  independent  of  co: 
position  over  the  range  of  routine  analysis  in  which  the  lines  i 
to  be  used.  This  is  accomplished  by  using  two  lines  of  the  sai 
element  which  have  similar  excitation  characteristics. 

The  wave  lengths  of  the  two  lines  should  differ  by  no  more  th  . 
100  A.  (the  less  the  better)  and  should  lie  more  or  less  centra- 
with  respect  to  the  wave-length  range  over  which  the  calibrati , 
is  to  be  used. 

The  lines  must  be  sharply  defined  and  free  from  interferi 
effects  by  other  elements  occurring  in  the  alloy  used  for  calib) 
tion. 


In  aluminum  alloys,  the  iron  spectrum  affords  the  best  opp< 
tunity  for  the  selection  of  the  calibration  pair.  Following  z 
three  line  pairs  which  have  been  found  satisfactory  for  use 
routine  laboratories  engaged  in  the  analysis  of  aluminum: 

Intensity- 

Line  Pair  Ratio  Suitable  Alloys 


Fe  (I)  3047. 6/Fe  (I) 
Fe(I)  2966.9/Fed) 
Fe  (II)  2755. 7/Fe  (II) 


3037.4  1.26 
3037.4  1.56 
2739.6  1.23 


85.  122 
85,  122 

2S,  14S,  17S,  2- 
53S,  195 


The  intensity  ratios  given  are  based  on  determinations  ma 
under  the  following  conditions: 


Power  setting 
Spark  gap 
Lower  electrode 
Upper  electrodes 
Spectrographs 


2  kw.° 

3  mm. 

Graphite,  0 . 06-inch  radius  hemispherical  tip 

Machined  aluminum  disks 

Large  two-lens  prism,  1.5-meter  grating 


°  Nominal  value  indicated  by  the  switch  markings  on  spark  unit. 


It  has  been  found  that  these  intensity  ratios  are  accurate  | 
reproduced  on  grating  and  prism  instruments  in  different  laboi  | 
tories  under  the  above  conditions,  and  are  virtually  unaffect 
by  the  variables  present  in  the  routine  procedures  used  in  AIud 
num  Company  of  America  laboratories.  The  actual  values 
the  intensity  ratios  given,  of  course,  are  subject  to  the  systemai 
errors  of  the  step  spectrum  method  but,  as  was  mentioned  earlii  j 
the  precise  value  of  the  intensity  ratio  of  the  calibration  pi 
need  not  be  known  in  the  two-line  method. 

To  carry  out  an  emulsion  calibration  by  the  two-line  method,  I 
series  of  spectrograms  is  prepared  using  a  sample  selected  fro 
routine  production  and  containing  iron  in  such  quantity  that  t 
range  of  deflections  over  which  emulsion  calibration  is  desinj 
can  be  produced  with  optics  as  the  only  variable.  Exposure  tim 
slit  width,  power,  self-inductance,  electrode  arrangement,  and  H 
other  conditions  of  exposure  and  excitation,  with  the  exception 
the  optical  arrangement,  should  be  the  same  as  in  routine  analys: 
The  illumination  should  be  varied  from  exposure  to  exposure 
small  steps.  This  may  be  done  most  conveniently  on  prism  instr 
ments  by  varying  the  distance  from  source  to  slit  (using  no  co 
densing  lens).  On  grating  instruments  the  variation  may  iji 
accomplished  by  changing  the  grating  aperture  or  by  using  me: 
screens  or  neutral  filters.  (The  use  of  grating  aperture  as  a  vai 
able  with  source  image  at  grating  requires  that  the  fine  pa  I 
used  shall  have  the  same  intensity  ratio  throughout  the  spar1 
For  practical  purposes,  the  lines  given  meet  this  requirement  t 
The  series  of  exposures  should  include  deflections  over  the  enti 
range  of  deflections  to  be  encountered  in  analysis.  The  films  - 
plates  must  be  processed  under  the  same  conditions  as  routii, 
analytical  spectrograms. 

Both  members  of  the  line  pair  are  measured  in  all  the  spectr 
grams,  setting  the  full-scale  deflection  on  an  unexposed  area  of  tl 
film  and  measuring  each  member  of  the  pair  in  each  spectru 
before  proceeding  to  the  next  spectrum.  For  purposes  of  coi 
venience,  it  will  be  assumed  that  the  microphotometer  is  so  d 
signed  and  so  adjusted  that  a  reading  of  100.0  is  obtained  on  ui 
exposed  emulsion  and  a  reading  of  zero  on  an  image  of  infini 
density. 

From  the  deflection  data  a  graph  is  prepared,  preferably  cl 
logarithmic  coordinates,  plotting  each  deflection  recorded  for  oi 
of  the  members  of  the  calibration  pair  against  the  deflection  f< 
the  other  member  in  the  same  spectrum.  The  curve  so  obtains; 
is  called  the  preliminary  curve.  A  typical  preliminary  curve  f( 
the  line  pair,  Fe  2739. 5/Fe  2755.7,  shown  in  Figure  3,  was  pr 
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tred  from  data  on  Eastman  SA  No.  1  film.  The  sole  purpose  of 
ch  a  curve  is  to  provide  a  means  of  determining  for  any  particu- 
r  deflection  produced  by  an  intensity  I,  the  deflection  produce 
r  an  intensity  equal  to  rl,  where  r  is  the  intensity  ratio  of  the 
.libration  lines.  This  curve  has  the  same  function  and  signifi- 
nce  as  the  preliminary  curve  in  the  step  sector  method,  where 
lecornes  the  ratio  between  successive  step  sector  apertures. 

The  final  emulsion  calibration  curve  is  prepared  from  a  series 
points  determined  from  the  preliminary  curve  as  follows: 

JAs  the  initial  point  on  the  emulsion  curve,  select  a  deflection 
gher  than  any  to  be  used  in  routine  analysis,  98.0,  for  example. 
;fer  this  value  to  the  preliminary  curve  and  determine  the  de- 
ction  for  r  times  the  intensity  represented  by  a  deflection  of 
.0.  Referring  to  the  example  curve  shown  in  Figure  3,  where 
flections  for  rl  are  plotted  as  abscissas,  an  ordinate  of  98.0 
jrresponds  to  an  abscissa  of  96.7 ;  96.7  is  now  applied  as  ordinate 
d  a  third  deflection  is  read  on  the  abscissa  scale.  Proceed  in 
jis  manner,  recording  each  deflection  value  read  from  the  ordi- 
te  scale  and  applying  it  as  an  abscissa  to  determine  the  next 
lue,  until  deflections  smaller  than  any  used  in  routine  analysis 
2  obtained. 

Table  III  shows  the  data  so  obtained  from  the  preliminary  curve 
Figure  3.  If  the  value  of  r,  the  intensity  ratio  of  the  calibra- 
>n  pair,  is  known,  the  data  from  Table  I  may  be  used  to  plot 
e  familiar  H.  and  D.  curve.  If  the  value  of  r  is  not  precisely 
own,  and  for  the  most  precise  work  it  cannot  be  assumed  to  be 
town  exactly,  the  photometric  deflection,  T  or  log  T,  is  plotted 
ainst  log  an,  where  a  is  an  arbitrarily  selected  number  to  be 
;d  in  place  of  r  and  n  is  the  exponent  applied  to  r  to  obtain 
ative  intensities  (see  column  1,  Table  III).  The  emulsion  cali- 


)le  III.  Typical  Data  Used  in  Plotting  Emulsion  Calibration 

Curves 


Deflection 
(Read  from  Pre¬ 
liminary  Curve) 

« 

1 

n 

(a  —  r  =  1.23) 

(o  =  1.50) 

0 

98.0 

1.00 

1.00 

1 

96.7 

1.23 

1.50 

2 

94.5 

1.51 

2.25 

3 

90.9 

1.86 

3.38 

« 

4 

85.7 

2.29 

5.06 

5 

78.2 

2.82 

7.59 

6 

68.0 

3.46 

11.4 

7 

55.3 

4.26 

17.1 

] 

8 

42.2 

5.24 

25.6 

i 

9 

30.5 

6.44 

38.4 

10 

20.8 

7.93 

57.7 

11 

13.6 

9.75 

86.5 

12 

8.8 

12.0 

129.8 

13 

5.6 

14.8 

194.6 

14 

3.6 

18.1 

291.9 

j 

i 

15 

2.3 

22.3 

437.9 

16 

1.5 

27.4 

656.9 

ute.  These  data  were  prepared  from  preliminary  curve  shown  in 
^ure  3  and  used  to  prepare  emulsion  calibration  curves  shown  in  Figure  4. 


bration  curves  obtained  when  a  value  of  1.5  is  assigned  to  a  are 
shown  by  the  solid  lines  in  Figure  4.  The  numerical  values  for 
a"  are  shown  in  the  third  column  of  Table  III. 

The  calibration  pair  used  to  assemble  these  data  was  known 
to  have  an  intensity  ratio  of  1.23.  Had  actual  relative  intensities 
been  used  as  abscissas,  the  curve  shown  by  the  broken  lines  in 
Figure  4  would  have  been  obtained.  Either  of  these  two  curves 
could  be  used  as  the  emulsion  calibration  curve,  the  only  differ¬ 
ence  being  that  in  the  case  represented  by  the  broken  curve, 
microphotometer  deflections  would  be  translated  into  relative 
intensities,  while  in  the  more  general  case  represented  by  the 
solid  line,  all  relative  intensities  would  be  raised  to  a  constant 
power,  log  a/ log  r.  Since,  according  to  the  basic  assumptions  of 
the  internal  standard  method,  concentration  is  a  function  of  the 
single  variable  intensity  ratio,  it  makes  no  difference  whether 
or  not  numerical  values  of  the  relative  intensities  observed  are 
raised  to  a  power,  as  long  as  that  power  is  a  constant.  It  is, 
therefore,  obvious  that  it  is  unnecessary  to  know  the  precise  in¬ 
tensity  of  the  calibration  pair.  (Similarly,  in  the  step  spectrum 
method  it  is  unnecessary  to  know  the  ratio  between  the  apertures, 
as  long  as  the  ratio  between  each  two  successive  apertures  is  the 
same). 

The  emulsion  calibration  curve  prepared  in  the  two-line 
method  is  used  in  exactly  the  same  way  as  the  calibration  curves 
prepared  by  the  other  methods  described.  The  use  of  the  arbi¬ 
trary  constant  a  in  place  of  the  intensity  ratio  of  the  calibration 
pair  does  not  alter  the  mode  of  application  of  the  calibration 
curve  and  does  not  affect  any  of  the  succeeding  steps  in  the  calcu¬ 
lation  procedure.  For  purposes  of  simplicity  and  clarity,  the 
constant  exponent  introduced  when  a  r  will  be  disregarded  and 
it  is  understood  that  whenever  relative  intensity  or  intensity 
ratios  are  mentioned,  the  actual  numerical  values  used  may  be 
raised  to  the  power  log  a/log  r.  This  will  have  no  effect  on  the 
procedure  or  results. 

Calculation  of  Intensity  Ratios.  The  intensity  ratio 
represented  by  the  deflections  produced  by  two  spectrum  lines 
may  be  determined  by  simply  referring  the  deflections  to  the 
emulsion  calibration  curve  and  dividing  the  numerical  values  of 
relative  intensity  obtained.  An  easier  and  faster  procedure  is 
available  when  the  emulsion  calibration  curve  is  mounted  on  a 
conventional  calculating  board  with  a  sliding  logarithmic  abscissa 
scale. 

For  purposes  of  illustration,  assume  that  the  analysis  line  gives 
a  deflection  of  28.0  and  the  internal  standard  line  a  deflection  of 
11.6.  Referring  these  deflections  to  the  typical  calibration  curve 
(solid  line)  in  Figure  5,  /„,  the  relative  intensity  for  the  analysis 
line,  is  found  to  be  0.152,  and  /„  the  relative  intensity  of  the 
internal  standard  line,  is  0.351.  The  intensity  ratio  then  is 
0.152/0.351  or  0.433.  Since  the  numerical  values  assigned  to 
the  abscissa  scale  are  only  relative  and  since 
this  scale  is  logarith  mic,  it  is  obvious  that  the 
value  obtained  for  the  intensity  raito  is  inde¬ 
pendent  of  the  position  of  the  scale  relative 
to  the  curve.  Accordingly,  a  more  direct  de¬ 
termination  of  /„//,  can  be  made  by  moving 
either  the  curve  or  the  abscissa  scale  horizontally 
until  I,  becomes  unity,  whereupon  /„//,  be¬ 
comes  equal  to  /„.  In  the  specific  example 
considered  above,  the  curve  would  be  moved 
to  the  position  shown  by  the  broken  line,  so 
that  a  deflection  of  11.6  corresponded  to  a 
relative  intensity  of  unity.  The  value  of 
Ia/h  is  then  the  abscissa  corresponding  to  a 
deflection  of  28.0. 

While  the  illustration  used  in  the  above 
example  was  for  a  log-log  calibration  curve  as 
used  on  a  nonrecording  microphotometer,  the 
same  considerations  apply  and  the  same  pro¬ 
cedure  is  used  on  the  semilogarithmic  plot  often 
used  for  recording  microphotometers. 

Preparation  of  Emulsion  Calibration 
Scales.  When  a  nonrecording  microphotom¬ 
eter  is  used  in  Aluminum  Company  of  America 
laboratories  the  emulsion  calibration  curve  is 
projected  on  a  scale  to  be  used  slide  rule  fashion 


■ 


LOG  y 


Figure  4.  Emulsion  Calibration  Curves 
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and  high  microphotometer  deflections  for  the  thre 
series  of  tests.  The  calibration  pair  is  measured  i 
all  the  spectra  and  the  intensity  ratios  are  dete: 
mined.  If  the  emulsion  calibration  curve  or  scai 
is  still  valid,  the  average  ratio  obtained  in  each  < 
the  three  groups  of  reading  will  be  equal  to  tl 
original  value. 


In  ordinary  spectrographic  work,  the  curve 
portion  of  the  calibration  curve  is  a  function  < 
the  straight-line  portion,  as  long  as  the  same  emu 
sion  formula  is  used.  Accordingly,  the  calibratic  | 
scales  obtained  in  the  laboratory  over  a  period  ■ 
time  may  be  classified  according  to  the  slopes  ■ 
the  straight-line  portions  of  the  curves  and  ca 
be  preserved  for  future  use  at  such  a  time  as  tes  i 
indicate  a  slope  represented  among  former  curve  j 
Background  Corrections.  In  the  foregoir  i 
procedure  the  effect  of  spectral  background  (cod 
tinuum)  was  ignored.  In  most  industrial  proc 
dures,  the  excitation  conditions,  the  optical  a 
rangement,  and  the  exposure  time  are  selectn 
with  a  view  towards  keeping  spectral  backgroui 
to  a  minimum,  and  in  the  most  widely  uif 


with  a  logarithmic  scale  to  calculate  Ia/I,  values, 
of  preparing  this  scale  is  shown  in  Figure  6. 


The  method 


The  entire  ordinate  scale  from  deflections  of  about  3  to  95  is 
projected  as  shown  in  the  figure  for  the  six  values,  5,  10,  20,  40, 
60,  and  90.  The  scale  prepared  as  described  above  will  be  re¬ 
ferred  to  as  the  “emulsion  calibration  scale”,  or  simply  as  “the 
calibration  scale”,  in  further  discussions.  The  calibration  scale 
is  used  slide  rule  fashion  with  the  fundamental  log  scale  to  deter¬ 
mine  I a/ 1 1  values  from  deflection  data.  To  do  this,  the  two 
scales  are  adjusted  with  respect  to  one  another,  so  that  unity  on 
the  log  scale  coincides  with  the  deflection  for  the  internal  standard 
line  as  read  on  the  calibration  scale.  The  value  of  /„//,  appears 
on  the  log  scale  at  the  point  in  juxtaposition  with  the  deflection 
for  the  analysis  line  on  the  calibration  scale. 


The  foregoing  slide  rule  technique  is  practical  only  when  the 
characteristics  of  the  film  used  and  the  method  of  development 
and  processing  are  sufficiently  reproducible  that  the  emulsion 
calibration  curve  does  not  have  to  be  changed  very  frequently. 
This  method  was  developed  for  use  in  the  aluminum  industry, 
where  it  has  been  found  highly  satisfactory  from  a  standpoint  of 
efficiency,  accuracy,  and  convenience,  particularly  when  the 
Dunn-Lowry  calculator  is  used. 

Periodic  Checking  of  Emulsion  Calibration 


spark  techniques  the  background  is  kept  su, 
ficiently  low  to  have  no  significant  effect  on  analytical  result 
When  determining  small  amounts  of  certain  constituents  1 
either  arc  or  spark  techniques,  excessive  spectral  backgrouni 
are  sometimes  unavoidable.  In  such  cases  the  analyst  has  i 
recourse  but  to  make  a  correction  for  background.  Unfort 
nately,  no  rigorous  method  of  background  correction  has  be< 
developed  and  whenever  the  background  is  sufficient  to  requi 
correction  the  errors  in  analysis  will  be  greater  than  when  i 
background  is  present,  regardless  of  the  method  of  correctio 
The  amount  of  background  which  may  be  tolerated  witho 
correction  depends  upon  the  absolute  reproducibility  of  den: 
ties,  the  source  of  the  background,  the  degree  to  which  t. 
photographic  emulsion  shows  the  Eberhart  effect,  and  the  a 
curacy  required  of  the  analysis. 

Obviously,  if  the  reproducibility  of  the  densities  of  bo 
lines  and  background  is  high,  much  larger  amounts  of  bac 
ground  may  be  tolerated.  If  the  background  is  caused  by  t' 
major  components  of  the  samples  and  if  its  intensity  is  propc 
tional  to  the  intensity  of  the  internal  standard  line,  the  on 
systematic  errors  introduced  by  spectral  background  are  tho 
due  to  the  Eberhart  effect.  Spark  analyses  are  generally  in  tl 


Curves  and  Calibration  Scales  in  Two-Line 
Method.  After  the  emulsion  calibration  curve  or 
scale  has  been  prepared  and  put  into  service,  it  should 
be  checked  at  regular  intervals.  Two  types  of  verifi¬ 
cation  tests  are  suggested  as  a  regular  part  of  the 
analytical  routine. 

A  series  of  measurements  of  the  calibration  pair  should 
be  made  every  day  in  regular  production  spectrograms. 

The  data  so  obtained  are  referred  to  the  emulsion  cali¬ 
bration  curve  or  scale  and  the  fundamental  log  scale, 
and  the  apparent  value  of  the  intensity  ratio  is  deter¬ 
mined.  If  the  result  is  greater  or  less  than  the  intensity  j5 

ratio  (real  or  arbitrary)  used  in  the  original  calibration,  ^ 

the  response  of  the  emulsion  has  changed,  and  if  im-  o 
mediate  corrective  steps  in  photographic  processing  do  s 
not  restore  the  original  value  of  intensity  ratio,  a  new  2 
calibration  curve  or  scale  is  prepared. 

A  second  type  of  verification  test  of  greater  rigor 
should  be  applied  whenever  the  foregoing  test  indicates 
a  change  in  contrast,  when  starting  to  use  a  new  emulsion 
batch,  or  when  a  faulty  calibration  is  indicated  by 
inconsistencies  among  percentage  scales.  This  test  con¬ 
sists  of  preparing  a  series  of  spectrograms  of  the  alloy 
used  for  the  original  calibration  at  three  different  inten¬ 
sity  levels.  The  effective  photographic  speed  of  the 
spectrograph  should  be  adjusted  to  yield  low,  medium, 


Figure  6.  Preparation  of  Emulsion  Calibration  Scale 
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•itegory  and,  if  an  emulsion  and  a  processing  technique  which 
ould  eliminate  the  Eberhart  effect  were  available,  background 
brrections  would  be  of  no  value  in  most  spark  work.  Excessive 
'ackground  would  still  be  undesirable,  since  the  reduction  in  the 
snsitivity  of  the  test  by  inclusion  of  background  in  the  measure- 
ients  would  increase  the  random  error  of  analysis.  Background 
msed  by  the  matrix  or  by  the  internal  standard  element  can 
>metimes  be  expressed  graphically  as  a  function  of  the  intensity 
jf  the  internal  standard  and  a  correction  applied  which  takes  into 
ccount  the  Eberhart  effect.  This  is  accomplished  by  correlat- 
ig  the  emulsion  calibration  curves  of  the  continuum  and  the 
lectrum  lines.  The  method  can  be  applied  to  slide  rule  type 
ilculations  by  the  addition  of  a  third  scale  providing  the  correc- 
on. 

When  the  background  is  affected  by  variables  which  cannot 
e  assumed  to  be  a  function  of  the  intensity  of  the  internal  stand- 
"d  line,  as  often  is  the  case  in  direct  current  arc  techniques,  a 
tore  rigorous  correction  method  may  be  required.  Many  prac- 
cal  expedients  have  been  employed,  the  most  common  being  the 
illowing: 

a.  Calculation  of  “net  densities”  of  the  spectrum  lines  by 
($ing  the  deflection  of  the  background  adjacent  to  the  line  in 
■ace  of  70,  the  deflection  for  complete  transparency  in  the  con- 
'mtional  density  formula 

D  =  logio  Io/I 

■  b.  Adjusting  the  deflection  to  100  for  the  background  near  the 
he  (equivalent  to  a). 

c.  Numerically  adding  the  difference  in  deflection  between 
ickground  and  unexposed  emulsion  to  the  observed  line  de¬ 
letion. 

d.  Converting  the  deflection  of  the  background  near  the  line 
i  intensity  by  the  use  of  an  emulsion  calibration  curve  prepared 
r  a  continuum  and  subtracting  this  intensity  from  the  total 
tensity  of  the  line  plus  background  as  determined  from  the 
tnventional  emulsion  calibration  curve. 

None  of  the  foregoing  methods  is  rigorously  correct  and  their 
se  is  justified  only  when  the  end  results  are  found  by  experi- 
ent  to  be  sufficiently  accurate.  Of  the  four  methods  given,  d 
generally  more  accurate,  but  it  is  cumbersome  and  time- 
msuming.  A  modification  of  this  procedure  is  described  by 
rock  (11).  Strock  also  gives  an  excellent  discussion  of  the 
•oblem  of  background  correction  as  encountered  in  direct  cur- 
nt  arc  work  and  while  his  method  is  too  cumbersome  for  most 
gh-speed,  high-volume,  industrial  applications,  it  is  probably 
ie  closest  approach  to  a  rigorous  method  of  background  correc- 
on. 

In  the  foregoing  discussion,  only  the  so-called  spectral  baek- 
ound  was  considered.  On  some  spectrographs,  particularly  on 
ittrow-type  instruments,  the  plate  or  film  may  bear  an  ap- 
•eciable  amount  of  background  caused  by  scattered  light. 
:attered  light  presents  much  the  same  problem  as  spectral 
ickground,  except  that,  being  polychromatic,  it  is  even  more 
fficult  to  correct  for  accurately.  Both  spectral  background 
id  background  caused  by  scattered  light  are  highly  objection- 
)le  in  excessive  quantities,  and  since  no  method  of  correction 
impletely  eliminates  the  errors  introduced,  the  best  practice  is 
take  all  precautions  to  keep  background  to  a  minimum  and  to 
)  everything  possible  to  improve  the  absolute  reproducibility 
densities.  Fortunately,  in  most  metallurgical  analysis  and 
a  large  proportion  of  all  spectrographic  determinations  of 
gh  concentrations,  both  spectral  background  and  scattered 
;ht  can  be  kept  sufficiently  low  and  absolute  densities  repro- 
lced  to  such  a  degree  that  background  corrections  are  unneces- 

■ry- 

Working  Curves  and  Percentage  Scales.  Under  the  as- 
imptions  of  the  internal  standard  system  the  intensity  ratio 
/I.  for  a  particular  alloy  or  material  is  a  function  of  the  single 
triable,  concentration.  Therefore,  when  the  value  of  Ia/I.  has 


been  determined  as  described  above,  concentration  can  be  deter¬ 
mined  if  sufficient  data  on  samples  of  known  composition  are 
available.  The  correlation  of  such  data  is  generally  accom¬ 
plished  graphically  and,  because  of  the  nature  of  the  mathematical 
relationship  between  concentration  and  the  intensity  function, 
it  is  convenient  to  use  a  log-log  plot.  Such  a  graph  is  called  a 
“working  curve”.  For  purposes  of  this  discussion  the  working 
curve  is  defined  as  a  graph  on  which  concentration  expressed  in 
per  cent  is  plotted  logarithmically  on  the  ordinate  scale  against  R 
plotted  logarithmically  on  the  abscissa  scale. 


Iai 

Figure  7.  Projection  of  Initial  Values  on  Percentage  Scale 
from  Typical  Working  Curve 

Working  curves  are  based  on  relatively  large  amounts  of  data 
obtained  from  standard  samples  containing  known  amounts  of  the 
element  to  be  determined.  All  details  of  excitation  and  photogra¬ 
phy  should  conform  to  the  practice  to  be  used  in  analyzing  un¬ 
knowns.  The  arithmetic  mean  /„//.  value  is  used  as  abscissa, 
and  the  known  percentage  as  ordinate  in  determining  each  point 
on  the  working  curve.  In  many  cases  the  working  curve  is  a 
straight  line  within  the  ranges  of  concentration  covered  by  a  par¬ 
ticular  fine  pair.  In  most  routine  work  the  assumption  of  linear¬ 
ity  is  sufficiently  valid.  Self-reversal,  failure  to  correct  for  ex¬ 
cessive  background  at  the  analysis  line,  and  the  effects  of  in¬ 
creasing  concentration  on  the  behavior  of  the  internal  standard 
line  each  may  contribute  to  curvature  of  the  working  curve. 
In  the  routine  analysis  of  aluminum  it  has  been  found  that  the 
deviation  from  linearity  is  insignificant  except  when  measuring 
very  weak  lines  without  making  a  background  correction. 

Once  the  working  curve  is  plotted  it  can  be  used  directly,  for 
the  determination  of  per  cent  constituent  if  /<,//.  is  known. 
However,  a  simpler  and  more  rapid  procedure  is  possible.  In  the 
determination  of  Ia/I.  by  the  use  of  either  the  emulsion  calibra¬ 
tion  curve  or  the  emulsion  calibration  scale,  Ia/I.  is  read  directly 
from  the  fundamental  log  scale.  Since  concentration  is  assumed 
to  be  a  function  of  the  single  variable  Ia/I.,  it  is  obvious  that  a 
concentration  scale  bearing  an  index  mark  to  denote  the  location 
of  unity  on  the  fundamental  log  scale  can  be  used  in  place  of  the 
log  scale.  Since  the  concentration  corresponding  to  each  value 
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of  /„//,  can  be  read  from  the  working  curve,  the  preparation  of 
this  scale  is  easily  accomplished.  The  procedure  is  as  follows: 

Consider  the  typical  working  curve  shown  in  Figure  7.  To 
prepare  a  percentage  scale  from  this  curve,  all  percentage  readings 
can  be  projected  from  the  ordinate  scale  onto  the  percentage 
scale,  as  shown  for  0.01  and  0.05%.  This  procedure  can  be  car¬ 
ried  out  precisely  as  described  for  the  preparation  of  the  emulsion 
calibration  scale.  However,  when  the  working  curve  is  a  straight 
line,  the  following  simpler  and  more  rapid  procedure  is  used: 

Project  only  two  percentages  on  the  scale,  selecting  percentages 
near  the  two  extremes  of  the  working  curve.  Also  mark  the  scale 
with  the  index  line  (the  point  corresponding  to  Ia/Is  =  1)  . 
Remove  the  scale  from  the  calculating  board  and  place  it  on  semi- 
logarithmic  or  bilogarithmic  paper  in  such  a  position  that  the 
marks  indicating  the  two  projected  percentages  on  the  scale  inter¬ 
sect  corresponding  coordinates  on  the  graph  paper,  as  shown  in 
Figure  8.  In  this  figure  the  scale  on  which  0.01  and  0.05  were 
located  in  Figure  7  is  placed  on  the  graph  paper  in  such  a  position 
that  the  1  and  5  coordinates  intersect  the  scale  at  the  marks  corre¬ 
sponding  to  0.01  and  0.05%  copper.  The  scale  is  then  completed 
by  marking  all  the  desired  percentage  divisions  and  subdivisions 
at  the  appropriate  intersections  of  the  scale  with  the  logarithm 
coordinates:  0.02  is  marked  at  the  point  where  2  intersects  the 
scale,  0.04  at  4,  0.06  at  6,  etc.  While  semilogarithmic  paper  is 
used  in  Figure  8,  it  is  obvious  that  the  horizontal  coordinates 
could  have  been  linear,  logarithmic,  or  any  other  type  of  scale,  or 
might  have  been  omitted  altogether,  since  only  the  vertical  co¬ 
ordinates  were  used. 

The  scale  prepared  as  described  above  is  generally  referred  to 
as  a  working  scale  or  percentage  scale,  and  the  latter  designation 
is  used  in  this  paper.  Before  considering  the  actual  use  of  the 
percentage  scales  in  mechanical  methods  of  calculation,  it  is 
necessary  to  take  into  account  the  troublesome  effect  known  as 
“curve  drift”  or  “scale  drift”,  which  is  encountered  in  many  spec- 
trographic  methods. 
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Figure  8.  Preparation  of  Final  Percentage  Scale 

Curve  Drift  or  Scale  Drift.  In  the  internal  standard 
system  it  is  assumed  that  the  intensity  ratio  is  a  function  of 
the  single  variable  intensity  ratio.  If  this  were  rigorously  true, 
a  permanent  standardization  could  be  made  and  no  further 
standard  spectra  would  be  required  in  a  routine  application. 
Unfortunately,  however,  there  are  many  variables  in  present-day 
procedures  other  than  concentration  which  affect  the  measured 
intensity  ratios.  As  a  result,  working  curves  and  percentage 
scales  show  a  slight  irregular  drift  and  it  is  necessary  to  run  fre¬ 
quent  standard  samples  to  correct  for  this  drift.  While  all  the 
causes  of  drift  are  not  understood,  it  is  known  that  a  part  of  the 
drift  is  caused  by  an  actual  change  in  intensity  ratio  and  a  part  is 
caused  by  errors  in  measurement  of  intensity  ratio.  The  prin¬ 
cipal  factors  affecting  the  actual  intensity  ratio  produced  by  the 
spark  are  atmospheric  conditions  and  gradual  deterioration  in 
apparatus.  The  apparent  drift  caused  by  errors  in  measurement 
are  largely  introduced  by  variables  in  the  photographic  process. 
The  photographic  errors  are  caused  by  inherent,  systematic  non¬ 
uniformities  introduced  by  methods  of  manufacture,  by  the 


Figure  9.  Dunn-Lowry  Calculator  for  Spectrographic  Analy 


rather  large  effects  of  humidity  on  the  emulsion,  by  changes  in 
relative  response  of  the  emulsion  to  different  wave  lengths,  and  | 
systematic  errors  resulting  from  the  use  of  commercially  avails  I 
developing  machines  which  develop  rather  reproducibly  but  i 
uniformly.  A  small  but  significant  portion  of  the  apparent  cu 
drift  is  caused  by  defects  in  emulsion  calibration  in  large-sc 
routine  work. 

Curve  drift  is  a  serious  problem  in  the  analysis  of  alumin 
alloys  but  almost  negligible  in  the  analysis  of  iron  and  sb 
This  difference  is  due  largely  to  the  differences  between  the  sp 
tra  of  iron  and  aluminum.  The  aluminum  spectrum  cont 
so  few  lines  suitable  for  use  as  internal  standards  that  it  is  ne< 
sary  to  use  line  pairs  of  widely  different  characteristics  and  wid  j 
different  wave  lengths  in  routine  analysis.  Add  to  this 
troublesome  surface  effects  caused  by  the  formation  of  alumin 
oxide  on  the  electrode  surface  and  it  is  apparent  that  the  anab 
of  aluminum  presents  problems  not  to  be  expected  in  steel  oi 
many  other  materials.  The  use  of  dissimilar  line  pairs  and  1 
pairs  differing  substantially  in  wave  length  magnifies  most  of 
inherent  defects  of  the  internal  standard  method  and  invalid!  | 
several  of  the  fundamental  assumptions  of  the  internal  stand 
method.  Moreover,  the  experimental  errors  introduced  | 
variations  in  excitation,  photography,  development,  and  d 
sitometry  are  magnified.  The  apparently  greater  curve  drift 
countered  in  the  analysis  of  aluminum  is  only  a  manifestatioi  i 
the  failure  of  the  internal  standard  method  resulting  from 
necessary  violation  of  some  of  its  cardinal  principles. 

It  has  been  found  experimentally  that  the  net  effect  of  cu| 
drift  can  be  treated  as  a  proportional  change  in  all  intern 
ratios  for  a  particular  line  pair.  Accordingly,  the  necess 
correction  can  be  made  by  applying  a  factor  to  all  intensity  rat 
This  fact  was  established  empirically  by  experimental  meth 
and  applies  only  to  the  normal  shifting  of  working  curves  un 
carefully  controlled  conditions  with  adequate  emulsion  calil 
tion,  and  only  within  the  relatively  small  range  (two-  to  three:  I 
on  a  concentration  basis)  over  which  a  particular  line  pai  i 
used  in  the  routine  analysis  of  aluminum  alloys.  Correct! 
for  curve  drift  is  then  essentially  merely  the  determinatioi  j 
the  index— that  is,  finding  of  the  concentration  at  which  inten  ( 
ratio  equals  unity.  The  routine  procedure  for  determining 
index  is  given  in  the  following  sections  on  mechanical  calculatl 

The  Dunn-Lowry  Calculator.  The  Dunn-Lowry  calculi : 
(Figure  9)  is  an  adaptation  of  the  “squirrel  cage”  slide 
developed  by  Aluminum  Company  of  America  for  routine  s]| 
trographic  calculations. 
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It  consists  essentially  of  a  cylindrical  drum  bearing  the  per- 
jntage  scales  for  the  various  elements  and  alloys,  and  a  rule 
earing  the  emulsion  calibration  scale.  The  percentage  scales 
re  mounted  on  wood  or  metal  rules  whose  faces  form  the  periph- 
ry  of  the  cylinder.  Each  rule  can  be  moved  laterally  to  com- 
ensate  for  index  shift.  The  calibration  scale  is  so  arranged  that 
may  be  made  to  slide  laterally  with  respect  to  the  drum  and  is 
3  positioned  that  any  percentage  scale  on  the  drum  can  be 
rought  into  juxtaposition  with  it  by  rotating  the  drum.  An 
idex  line  is  inscribed  on  a  small  glass  or  plastic  tab  permanently 
istened  to  the  window  frame  of  the  calculator.  This  index  corre- 
jonds  to  an  intensity  ratio  of  unity  and  all  percentage  scales 
re  adjusted  with  reference  to  this  point  before  use.  This  line 
ill  be  referred  to  simply  as  the  index  line. 

After  the  calibration  scale  and  the  percentage  scales  have  been 
repared  as  previously  described,  the  first  step  in  the  use  of  the 
ilculator  is  the  index  adjustment  of  the  percentage  scales, 
'o  determine  the  index  of  a  particular  percentage  scale,  the 
)llowing  procedure  is  followed : 

Measure  the  analysis  and  internal  line  photometrically  in  a 
;ries  of  spectrograms  of  a  standard  containing  the  same  order  of 
lagnitude  of  the  element  to  be  determined  as  expected  in  the 
imples  to  be  analyzed.  (Two  or  more  standards  of  different 
omposition  may  be  used  without  altering  the  subsequent  pro- 
jdure.)  Set  the  percentage  scale  so  that  the  expected  index  is 
ear  the  index  of  the  calculator,  but  do  not  move  the  percentage 
:ale  again  until  the  final  index  is  determined.  F or  each  spectrum, 
djust  the  calibration  scale  so  that  the  deflection  for  the  analysis 
ne  falls  in  juxtaposition  with  the  known  concentration  on  the 
ercentage  scale,  and  record  the  concentration  reading  coinciding 
•ith  the  deflection  of  the  internal  standard  line.  This  percentage 
;  the  percentage  at  which  the  intensity  ratio  is  unity  and  the 
verage  of  the  percentages  so  determined  for  all  of  the  spectro- 
rams  is  the  “index”.  Slide  the  percentage  scale  until  the  index 
d  determined  coincides  with  the  index  line  on  the  calculator, 
'or  the  continual  index  adjustment  of  a  percentage  scale  in  regu- 
ir  use,  the  half-correction  method  is  used.  This  method  consists 
f  taking  as  the  final  setting  of  the  index  the  arithmetic  mean  of 
he  index  as  determined  immediately  before  the  analysis,  and  the 
idex  as  used  during  the  immediately  previous  analyses.  This 
lethod  is  used  in  all  Aluminum  Company  of  America  laboratories 
i  continuous  routine  operation. 

The  per  cent  constituent  on  an  analysis  sample  is  calculated 
hi  the  Dunn-Lowry  calculator  by  simply  adjusting  the  calibra¬ 
tion  scale  so  that  the  deflection  for  the  internal  standard  falls  at 
he  index  mark,  and  reading  per  cent  constituent  on  the  percent- 
!ge  scale  at  the  point  which  falls  in  juxtaposition  with  the  de¬ 
tection  for  the  analysis  line.  When  more  than  one  determination 
•n  a  particular  sample  is  referred  to  the  same  internal  standard 
ne,  the  calibration  scale  is  adjusted  only  once  and  the  various 
lements  are  calculated  by  bringing  the  appro- 
riate  percentage  scales  successively  into  view 
n  the  calculator. 

Multiple  Determination  Calculating 
ituLE.  The  multiple  determination  calculating 
ule  is  a  type  of  slide  rule  calculator  developed 
‘•y  Aluminum  Company  of  America  for  use  with 
lecording  microphotometers  in  routine  analysis. 

(  The  rule  is  designed  for  use  on  a  special  calcu- 
iting  board  consisting  essentially  of  a  drawing 
ioard  equipped  with  a  movable  horizontal  bar 
zhich  will  move  up  and  down  on  the  board  but 
/ill  not  move  sideways.  This  bar  is  equipped 
,/ith  bearings,  guides,  or  a  pulley  arrangement, 
o  that  it  will  remain  parallel  to  the  front  edge 
f  the  board  at  all  times.  A  rectangular  opening, 
i  pproximating  the  dimensions  of  the  largest 
aicrophotometer  chart  likely  to  be  encountered, 
cut  in  the  central  portion  of  the  board.  A  glass 
•late  is  inserted  in  this  opening,  flush  with  the 
op  surface  of  the  board.  The  plate  is  illuminated 
irith  fluorescent  type  incandescent  tubes  from 
i>elow.  The  calibration  curve  is  fastened  semi- 
jermanently  on  this  glass  plate  and  charts  rep- 
esenting  analyses  are  superimposed  on  this 
•hart.  The  horizontal  rulings  on  the  chart  and 
he  abscissa  coordinates  of  the  calibrating  curve 


are  made  parallel  to  the  bar  on  the  calculator  by  aligning  the 
chart  and  curve  with  suitable  reference  marks.  It  is  desirable 
that  the  calculator  be  equipped  with  a  clamping  mechanism 
to  hold  the  chart  paper  in  place.  Otherwise,  scotch  tape  or  thumb 
tacks  are  used. 

A  photograph  of  a  multiple  calculating  rule  mounted  on  a  cal¬ 
culating  board  is  shown  in  Figure  10.  This  calculating  rule  is 
equipped  with  a  replaceable  nest  of  scales.  A  separate  nest  of 
scales  is  used  for  each  different  alloy  analyzed.  The  front  edge 
of  the  rule  is  metal  and  is  close  to  the  surface  of  the  board.  A 
vertical  hairline  is  ruled  on  the  glass  slide  at  a  position  corre¬ 
sponding  to  the  pointer  which  rides  along  the  edge  of  the  rule. 
The  individual  percentage  scales  are  adjustable  with  respect  to 
each  other  and  with  respect  to  the  index  mark  inscribed  on  the 
edge  of  the  rule. 

To  determine  the  correct  location  of  a  percentage  scale  with 
respect  to  the  index  mark  on  the  rule — i.e.,  to  determine  the 
index  of  the  percentage  scale — the  following  procedure  is  used: 

Measure  a  series  of  spectrograms  of  a  suitable  spectrographic 
standard.  Superimpose  the  chart  paper  on  the  calibration  curve, 
taking  care  to  align  the  chart  with  the  reference  marks  indicating 
the  ordinate  scale  on  the  curve.  Move  the  rule  vertically  until 
its  edge  intersects  the  deflection  peak  representing  the  element  to 
be  determined.  Move  the  rule  laterally  and  move  the  slide  bear¬ 
ing  the  cross  hair  until  the  pointer  intersects  the  calibration  curve 
and  the  hairline  crosses  the  percentage  scale  at  the  known  per¬ 
centage  of  the  element  sought.  Move  the  rule  vertically  (taking 
care  not  to  move  it  horizontally)  until  the  edge  matches  the  de¬ 
flection  peak  for  the  internal  standard.  Adjust  the  cross  hair 
slide  so  that  the  pointer  again  intersects  the  curve.  Record  the 
percentage  now  indicated  by  the  hairline.  The  average  of  the 
percentages  so  determined  for  a  number  of  standards  is  taken  as 
the  index  for  subsequent  analyses.  The  percentage  scale  is  ad¬ 
justed  so  that  the  index  determined  falls  at  the  cross  hair  when  the 
pointer  coincides  with  the  index  line  on  the  edge  of  the  rule. 
At  least  four  exposures  should  be  used  to  establish  an  index  orig¬ 
inally.  When  the  percentage  scales  are  used  at  very  frequent 
intervals,  the  half-correction  system  (described  previously)  is 
employed. 

To  determine  percentage  composition  on  unknowns,  proceed 
as  follows:  Move  the  rule  vertically  until  its  edge  passes  through 
the  deflection  peak  for  the  internal  standard.  Adjust  the  rule 
laterally  until  the  index  mark  on  the  edge  of  the  rule  intersects 
the  calibration  curve.  Move  the  rule  vertically  (with  no  hori¬ 
zontal  movement)  until  the  edge  of  the  rule  coincides  with  the 
deflection  peak  of  the  analysis  fine.  Move  the  cross  hair  slide 
until  the  pointer  intersects  the  curve,  and  read  the  analytical 
result  on  the  appropriate  percentage  scale.  Of  course,  if  more 
than  one  constituent  is  to  be  determined  with  reference  to  the 
same  internal  standard,  the  rule  is  adjusted  laterally  with  respect 
to  the  internal  standard  deflection  only  once,  and  the  various 
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elements  are  determined  successively  by  simply  moving  vertically 
to  the  deflection  peaks  and  reading  percentages  on  the  appro¬ 
priate  scales. 

SUMMARY 

The  techniques  discussed  have  been  those  developed  specifi¬ 
cally  to  meet  problems  encountered  in  the  routine  analysis  of 
aluminum.  While  an  attempt  has  been  made  to  treat  the  subject 
from  a  broader  viewpoint  than  that  of  a  spectrographer  specializ¬ 
ing  in  aluminum  alloys,  the  emphasis  has  naturally  been  greater 
on  those  problems  which  are  most  serious  in  aluminum  analysis. 
The  specific  methods  of  analysis  best  suited  for  one  type  of  mate¬ 
rial  usually  cannot  be  transferred  to  another  type  without  some 
modification,  but  the  underlying  principles  involved  in  all  spectro- 
graphic  analyses  are  much  the  same,  and  the  problems  encoun¬ 
tered  differ  in  degree  but  not  in  kind. 

It  may  seem  that  an  overly  critical  attitude  was  taken  towards 
commercially  available  apparatus.  It  was  the  deliberate  inten¬ 
tion  of  the  author  to  emphasize  the  defects  of  existing  equip¬ 
ment  for  the  double  purpose  of  helping  prospective  users  in  the 
selection  of  apparatus  and  in  offering  constructive  criticism  which 
may  aid  the  manufacturers  of  apparatus  in  meeting  the  practical 
requirements  of  routine  spectrography.  Emphasis  on  the  limita¬ 
tions  and  sources  of  error  in  the  spectrographic  procedure  was 
also  intentional.  The  overly  euphemistic  treatment  of  spectro¬ 
graphic  procedures  characteristic  of  much  of  the  literature  in 
recent  years  no  longer  serves  any  useful  purpose.  No  longer  is  it 
necessary  for  spectrographers  to  act  as  salesmen  for  their  art  or 
the  apparatus  they  use.  Frank  recognition  of  the  imperfections 
and  limitations  of  existing  techniques  will  not  only  aid  in  relegat¬ 
ing  it  to  its  proper  position  in  the  analytical  scheme  but  will  foster 
developmental  work  aimed  at  improving  these  techniques.  It 
is  the  opinion  of  the  author  that  the  most  important  advances  in 
routine  spectrographic  analysis  will  come  through  the  improve¬ 
ment  in  or  elimination  of  the  photographic  films  and  plates  and 
in  the  development  of  improved  excitation  sources.  Free  ex¬ 


change  of  information  along  these  lines  and  a  critical  appraisal 
techniques  and  apparatus  in  the  literature  will  bring  the  fund 
mental  improvements  now  under  development  to  earlier  fruitio 
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Emission  Spectrosraphic  Equipment  Used  in 
Quantitative  Analysis 

Proposed  Minimum  Requirements 

CHARLES  L.  GUETTEL 
Rock  island  Arsenal  Laboratory,  Rock  Island,  III. 


SPECTROGRAPHIC  analysis  definitely  has  established  itself 
as  an  important  control  and  testing  tool  in  industry.  Hun¬ 
dreds  of  commercial  spectrographic  laboratories  have  been  estab¬ 
lished.  Colleges  and  universities  are  offering  courses  in  spectro¬ 
graphic  technique.  This  excellent  progress  may  be  traced  to  the 
initiative  of  many  academicians  in  the  field  of  applied  physics 
and  to  manufacturers  of  spectrographic  equipment  who  at  an 
early  stage  in  the  development  of  the  field  designed  and  provided 
equipment  for  others  not  in  a  position  to  build  such  apparatus 
for  themselves.  The  spectrographer,  although  he  has  also  con¬ 
tributed  his  share  to  the  advancement  of  spectrography,  is  ex¬ 
tremely  grateful  to  these  early  pioneering  spectroscopists  and 
manufacturers  for  the  foundation  established  in  this  new  and 
interesting  field  of  applied  science. 

The  present-day  spectrographer  defines  himself  as  one  who 
applies  spectrographic  equipment  to  analytical  problems  in  the 
laboratory  and  thus  differs  from  the  spectroscopist  who  may  de¬ 
sign  such  equipment  or  may  be  concerned  with  the  theoretical 


concepts  of  spectra.  A  spectrographer  who  has  been  trained 
chemistry  may  prefer  to  call  himself  a  spectrochemist,  but  f 
the  purpose  of  this  paper  he  is  included  in  the  former  category. 

The  spectrographer  does  not  claim  to  be  an  expert  in  all  tlj 
fields  that  are  involved  in  spectrographic  analysis — i.e.,  photo 
raphy,  optics,  electronics  and  electrical  circuits,  general  chei 
istry  and  physics,  etc.  He  may  have  specialized  in  one  of  the 
fields  prior  to  entering  spectrography,  but  any  necessary  knov 
edge  of  the  other  fields  is  usually  acquired  as  further  experien 
is  obtained.  However,  on  comparing  notes  with  other  spectro 
raphers,  on  studying  numerous  publications,  and  on  experimer 
ing  in  the  laboratory,  he  finds  one  question  which  he  cann 
answer  to  his  satisfaction — what  is  to  be  expected  of  commerci 
spectrographic  equipment? 

REASONS  FOR  MINIMUM  REQUIREMENTS 

• 

Although  no  adopted  minimum  standards  exist  for  emissii 
spectrographic  equipment  in  general,  the  spectrographer  fin 
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imself  in  a  field  where  enough  literature  has  accumulated  to 
istify  an  index  of  subject  matter  (%)  and  a  compendium  of  oper- 
jting  conditions  ( 1 ).  Enormous  publicity  has  popularized  the 
eld  of  spectrography  through  layman  periodicals,  commercial 
dvertising,  conferences  on  spectrographic  analysis,  and  techni- 
al  journals  covering  fields  as  far  apart  as  biology  is  from  metal- 
argy.  The  employer  of  the  spectrographer  reads  of  these  events 
nd  his  enthusiastic  expectation  for  results  of  high  precision  and 
Iccuracy  may  overwhelm  him,  especially  after  appropriating 
nousands  of  dollars  for  his  spectrographic  installation.  Such  a 
ondition  may  place  the  spectrographer  in  a  “do  or  die”  situation 
his  results  are  adverse.  However,  no  matter  how  excellent  the 
ichnique  of  the  spectrographer  may  be,  his  results  cannot  be  any 
etter  than  the  merits  of  his  equipment  permit. 

:  The  spectrographer,  whose  vocation  in  most  cases  has  been 
■eated  by  the  joint  efforts  of  the  field  of  physics  and  the  manu- 
icturers  of  spectrographic  equipment,  has  now  reached  a  stage 
i  his  own  development  where  he  is  getting  bold  enough  to  turn 
)  his  “creators”  and  demand  specific  minimum  standards  for 
fis  much-publicized  equipment  to  protect  his  own  interests, 
he  offspring  definitely  is  growing  up! 

!  The  American  Chemical  Society  has  high  standards  for 
lemicals  of  reagent  grade.  The  American  Society  for  Testing 
laterials  has  a  multitude  of  requirements  in  effect  for  apparatus 
sed  for  testing  purposes.  Many  other  technical  groups  have 
ich  requirements.  It  is  logical  that  the  equipment  of  the 
>ectrographer  be  covered  by  similar  standards. 

The  spectrographer  does  not  request  complete  standardization 
f  equipment  at  this  time,  although  further  standardization  would 
irmit  a  more  common  spectrographic  language.  Standardiza- 
on  may  be  the  result  of  future  development  work.  However, 
le  field  is  still  fertile  for  competition  between  manufacturers  of 
>ectrographic  equipment  and  for  difference  of  opinion  between 
>ectrographers  concerning  who  has,  or  what  is,  the  best  spectro- 
•aph,  densitometer,  or  excitation  unit,  for  a  given  application, 
evertheless,  this  variety  of  opinion  concerning  major  issues  in 
ie  spectrographic  field  still  does  not  eliminate  the  necessity  of 
tablishing  minimum  standards  for  any  piece  of  emission 
iectrographic  equipment. 

The  spectrographic  equipment  manufacturer  should  not  be 
quired  to  work  out  the  details  of  a  given  analysis.  Most  of  the 
welopment  work  has  to  be  left  to  the  ingenuity  of  the  individual 
>ectrographer.  However,  the  presence  of  a  representative  of 
ie  equipment  manufacturer  during  the  early  period  of  a  new  in- 
allation  has  proved  extremely  helpful  to  the  spectrographer. 
his  period  could  be  used  advantageously  in  aiding  to  check  the 
(uipment  thoroughly  for  its  ability  to  meet  adopted  minimum 
andards. 

It  is  realized  that  of  the  many  mass  production  parts  of  which 
odern  spectrographic  equipment  is  composed,  all  may  not  meet 
jisolute  perfection.  Such  a  condition  may  cause  occasional 
fference  in  performance  of  units  of  the  same  type  and  model, 
owever,  the  assembled  equipment  should  at  least  be  capable  of 
iceting  certain  minimum  requirements,  so  that  the  spectrog- 
ipher  more  easily  may  isolate  errors  due  to  technique  from  those 
Using  from  possible  defects  in  the  apparatus.  If  the  equipment 
kntinued  to  meet  the  minimum  standards  with  the  accepted 
chniques,  the  spectrographer  could  check  his  own  variations  of 
'e  techniques  thoroughly  before  complaining  to  the  equipment 
ianufacturer  about  adverse  results.  Thus,  the  latter  also  would 
l  protected  by  the  requirements. 

'Since  the  field  of  spectrography  has  grown  more  rapidly  than 
le  ability  to  train  personnel  for  handling  its  possibilities,  many 
ngthy  requisitions  and  procurement  specifications  have  been 
ritten  by  individuals  whose  knowledge  of  the  field  was  not 
tablished  until  after  the  apparatus  was  bought  and  paid  for. 
his  has  been  especially  true  during  the  present  emergency  when 
rapid  means  of  analysis  had  to  be  installed  in  a  short  period  of 


A  proposal  is  made  to  establish  minimum  requirements  for  equip¬ 
ment  used  in  precise  and  accurate  emission  spectrographic  analysis 
with  the  view  of  stimulating  discussion  toward  the  development  of 
final  minimum  requirements.  A  discussion  of  reasons  for  the  re¬ 
quirements  is  given,  followed  by  a  discussion  of  the  nature  of  such 
requirements.  Proposed  minimum  requirements  for  the  spectro¬ 
graph,  densitometer  or  microphotometer,  and  excitation  equipment 
are  presented.  The  accepted  minimum  precision  of  the  final  results 
is  given  in  terms  of  an  empirical  relationship  between  the  average 
deviation  and  the  level  of  concentration.  The  conditions  under 
which  the  minimum  precision  is  determined  are  given.  The  re¬ 
quirements  emphasize  the  performance  of  the  equipment  rather  than 
detailed  construction  of  apparatus. 


time.  If  only  for  the  benefit  of  these  newcomers,  guiding  mini¬ 
mum  requirements  are  justified. 

Specifications  for  spectrographic  equipment  should  include  not 
only  description  of  parts  with  physical  dimensions  and  diagrams 
of  electrical  circuits,  but  also  the  nature  of  results  to  be  obtained, 
expressed  in  terms  of  universally  adopted  factors  of  precision 
and  accuracy.  When  a  chemist  orders  an  analytical  balance, 
the  size  of  the  pans  and  length  of  the  beam  are  by  far  subordinate 
to  the  sensitivity  and  reproducibility  obtained  with  the  instru¬ 
ment.  A  spectrographer  should  have  a  similar  attitude  toward 
his  equipment. 

It  should  not  be  interpreted  that  the  writer  has  had  difficulties 
with  equipment  on  all  points  covered  by  the  proposed  require¬ 
ments.  On  the  contrary,  personal  experience  with  commercial 
equipment  plus  the  knowledge  gained  by  visits  to  numerous 
other  spectrographic  laboratories,  many  of  which  used  equip¬ 
ment  made  by  different  firms,  proves  that  in  general  the  commer¬ 
cial  instruments  have  eliminated  many  previous  difficulties  and 
have  paved  the  way  for  higher  standards.  Only  for  the  reasons 
given  are  the  requirements  being  considered. 

It  is  one  thing  to  advocate  minimum  requirements  and  quite 
another  thing  actually  to  present  them.  However,  it  is  expected 
that  the  reader  will  accept  this  effort  in  the  spirit  of  keeping  the 
standard  of  spectrographic  analysis  on  a  high  plane. 

NATURE  OF  MINIMUM  REQUIREMENTS 

The  minimum  requirements  should  be  practical,  brief,  and  as 
simple  as  possible.  They  should  apply  to  emission  spectro¬ 
graphic  equipment  in  general  and  should  not  emphasize  any  one 
type,  mounting,  or  optical  system.  Thus,  the  requirements 
should  avoid  any  reference  to  spectrographic  topics  which  are 
problems  of  applied  technique  and  personal  choice — i.e.,  the 
prism  versus  the  grating,  the  electrical  characteristics  of  the  ex¬ 
citation,  the  film  versus  the  plate,  the  type  of  photographic  emul¬ 
sion,  and  the  type  of  counter  or  supporting  electrodes.  Unless 
lengthy  and  cumbersome  procedures  are  needed  to  overcome 
defects  of  a  given  instrument,  a  condition  which  is  rare  if  not  ex¬ 
tinct,  the  emphasis  should  be  on  the  nature  of  the  readings  or 
recordings  expressed  in  terms  of  precision  rather  than  on  the 
details  of  the  mechanism  which  produced  the  readings  or  record¬ 
ings. 

Sawyer  and  Vincent  have  presented  a  paper  on  “Specifications 
and  Testing  of  Spectrochemical  Apparatus”  (S).  Any  adopted 
requirements  or  purchase  specifications  should  be  supplemented 
by  a  study  of  their  paper.  However,  an  inexperienced  spectrog¬ 
rapher  may  hesitate  to  apply  portions  of  its  contents  to  test  his 
new  equipment,  because  of  his  own  temporary  lack  of  knowledge 
of  the  optics  involved.  The  method  suggested  by  Sawyer  and 
Vincent  to  determine  errors  which  arise  in  spectrochemical  analy¬ 
sis,  in  this  writer’s  opinion,  would  be  a  means  to  check  the  accu¬ 
racy  of  results  reported  by  a  so-called  established  spectrographic 
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laboratory,  operated  by  an  experienced  spectrographer  who  has 
mastered  the  equipment  in  question.  Its  value  in  establishing 
requirements  for  new  equipment  would  depend  on  how  rapidly 
a  spectrographer  could  learn  to  appreciate  the  significant  differ¬ 
ence  between  his  systematic,  and  accidental  or  random  errors. 
Although  it  may  not  have  been  the  intention  of  Sawyer  and 
Vincent  in  their  specifications  and  tests,  one  of  the  purposes  of 
the  present  proposal  is  to  give  to  the  technician  who  is  inexperi¬ 
enced  in  spectrography  minimum  requirements  which  can  be 
incorporated  practically  verbatim  into  a  purchase  order  requisi¬ 
tion  for  emission  spectrographic  equipment.  The  proposed  re¬ 
quirements  are  given  toward  the  end  of  this  paper.  Following  is 
a  discussion  concerning  their  nature: 

Nature  of  Requirements,  a.  It  is  admitted  that  the  require¬ 
ments  for  the  spectrograph  may  be  considered  as  vague.  Differ¬ 
ences  in  dispersion,  linear  and  nonlinear,  with  corresponding 
degrees  of  resolution,  are  available, "since  there  is  a  variety  of 
mountings  and  optical  systems  provided  in  commercial  spectro¬ 
graphs.  The  choice  of  instrument  thus  depends  on  its  applica¬ 
tion  to  a  given  type  of  analysis.  This  portion  of  the  requirements 
is  also  influenced  by  the  opinion  of  the  writer,  in  that  the  spectro¬ 
graph  itself  is  considered  third  in  importance  after  the  excitation 
equipment  and  densitometer  in  relation  to  precise  and  accurate 
quantitative  analysis.  Any  defects  in  the  spectrograph  are 
usually  of  a  constant  nature  and  even  these,  although  covered 
by  the  requirements  in  a  general  manner,  have  been  eliminated 
or  diminished  to  an  insignificant  minimum  by  good  design — i.e., 
lengthy  exposure  times,  scattered  and  stray  light,  ghost  lines, 
and  light  leakage. 

b.  No  reference  is  made  in  the  spectrograph  requirements  to 
obvious  incorporations  such  as  a  variable  slit  width,  or  a  racking 
camera. 

c.  A  means  of  spectrum  line  identification  has  been  included 
in  the  densitometer  or  microphotometer  requirements,  since  any 
line  must  be  identified  before  being  evaluated.  Whether  this 
means  of  identification  is  physically  part  of  the  densitometer  or 
microphotometer  or  contained  in  some  auxiliary  apparatus  is  of 
no  concern  of  the  requirements.  The  use  of  exposed  wave-length 
scales  on  photographic  emulsions,  or  the  projection  of  iron  spectra, 
wave-length  scales,  commercial  master  plates,  and  known  spectra 
master  plates  made  by  the  spectrographer,  depends  on  the  com¬ 
plexity  of  the  unknown  spectra,  the  number  of  lines  to  be  identi¬ 
fied,  and  the  magnification  required  to  detect  the  necessary  de¬ 
tails  that  can  be  resolved  by  the  dispersing  medium  of  the 
spectrograph. 

d.  The  reproducibility  of  all  readings  or  recordings  and 
corresponding  indicator  settings  has  been  emphasized  in  the 
densitometer  or  microphotometer  requirements.  The  maximum 
deviation  is  used  instead  of  standard  deviation  for  purposes  of 
simplicity  and  in  place  of  average  deviation  to  assure  that  the 
reading  or  recording,  any  one  of  which  may  represent  a  single 
quantitative  analysis  to  be  reported  on  the  basis  of  the  given 
reading  or  recording,  does  not  fall  out  of  the  desired  range. 

e.  It  is  realized  that  some  densitometers  or  microphotometers 
use  a  log  density  scale  rather  than  a  linear  transmission  scale. 
In  these  cases  it  would  be  necessary  to  convert  to  the  linear  form 
for  the  purpose  of  checking  the  proposed  requirements. 

/.  The  two  terms  “reading”  and  “recording”  have  been  used 
throughout  to  include  both  the  nonrecording  and  recording  types 
of  instrument.  The  terms  “densitometer”  and  “microphotom¬ 
eter”  have  been  used  together  in  the  requirements  without  excep¬ 
tion  for  the  benefit  of  those  firms  which  prefer  to  describe  their 
instrument  as  one  or  the  other. 

g.  The  minimum  requirements  for  the  excitation  equipment 
are  considered  after  specifying  the  nature  of  the  other  units,  since 
the  performance  of  the  excitation  equipment  is  “registered”  by 
the  spectrograph  and  “examined”  by  the  densitometer  or  micro¬ 
photometer.  Thus,  the  final  precision  test,  although  listed  under 
the  excitation  equipment  requirements,  should  be  interpreted  as 


including  any  lack  of  precision  inherent  in  the  other  units.  It  i  • 
assumed,  however,  that  if  the  spectrograph  and  densitometer  o  . 
microphotometer  meet  their  respective  requirements  by  the  re 
suits  of  tests  which  are  to  a  great  degree  independent  of  the  merit . 
or  defects  of  the  excitation  equipment,  and  if  the  technique  is  o 
satisfactory  quality,  most  of  any  remaining  lack  of  precision  i: 
the  final  result  can  be  traced  to  errors  in  the  light  source.  There 
fore,  it  is  believed  that  the  inclusion  of  final  precision  and  accu 
racy  tests  under  “Excitation  Equipment”  is  justified — especial!, 
when  the  requirements  describe  the  excitation  equipment  as  bein:  f 
used  in  conjunction  with  other  units  which  already  are  specified. . 

h.  The  specifications  for  the  intensity  of  the  light  source,  a. 
suggested  by  Sawyer  and  Vincent  (3),  have  been  included  in  th . 
requirements  for  the  excitation  equipment. 

i.  The  precision  also  has  been  emphasized  in  the  excitatioi. 
equipment  requirements.  Reproducibility  tests  for  excitatioi 
units  many  times  are  questionable,  owing  to  lack  of  knowledge 
concerning  the  homogeneity  of  the  samples.  This  situation  i, 
further  complicated  by  the  fact  that  in  most  cases  there  are  n. 
accepted  independent  means  for  checking  homogeneity.  How, 
ever,  any  establishment  that  confidently  cannot  produce  ij 
reasonably  homogeneous  sample  for  quantitative  tests  shouli, 
not  consider  spectrographic  equipment.  Such  a  condition  shouli  I 
be  decided  prior  to  any  installation,  by  the  establishment  sub, 
mitting  samples  to  the  equipment  manufacturer  or  to  othei 
spectrographic  laboratories  having  available  techniques  for  re, 
producibility  tests  using  the  type  of  equipment  and  material  ii , 
question.  It  is  realized  that  reproducibility  is  a  function  o 
technique  as  well  as  the  precision  of  the  equipment.  Thus,  thi 
homogeneity  tests  should  be  made  with  established  technique! 
having  acceptable  reproducibility.  If  such  techniques  are  no 
available  for  the  analysis  in  question,  an  agreement  should  exis . 
between  the  establishment  contemplating  the  use  of  spectro 
graphic  equipment  and  the  manufacturer  of  such  equipment, 
whereby  either  the  latter  agrees  to  develop  a  reproducible  tech , 
nique  for  checking  sample  homogeneity  or  the  former  purchase  | 
the  equipment  at  his  own  risk,  leaving  problems  of  sampling  anc , 
reproducibility  to  his  own  research  and  development.  Regardles  l 
of  the  nature  of  such  an  agreement,  a  sample  is  either  a  repre 
sentative  specimen  for  spectrographic  analysis  or  it  is  not.  Then ; 
is  no  compromise. 

j.  Any  one  given  magnitude  of  a  numerical  value  to  express 

acceptable  precision  covering  all  concentration  ranges  encoun  , 

tered  in  spectrographic  analysis  would  be  questionable  if  not  im 

possible  to  attain.  A  spectrographer  checking  his  precision  ii 

very  low  concentration  ranges  may  take  pride  in  his  low  averagi . 

deviation  from  the  mean  in  percentage  concentration  of  the  ele  j 

ment  in  the  sample,  but  his  per  cent  average  deviation  maj( 

be  extremely  high.  (The  per  cent  average  deviation  is  th<j 

average  deviation  .  I 

- - -  X  100.)  Likewise,  a  spectrographer  checkin'1 

mean  result  j, 

precision  in  a  comparatively  high  concentration  range  may  enjoy 
his  low  per  cent  average  deviation,  but  his  high  average  devia- , 
tion  from  the  mean  in  percentage  concentration  of  the  element 
in  the  sample  may  justify  the  substitution  of  the  wet-analysis 
technique  for  the  spectrographic  method. 

It  is  realized  that  by  choosing  proper  analytical  lines,  the  acci-, 
dental  errors  occurring  in  spectrographic  analysis  tend  to  have  a 
constant  percentage  relationship  to  the  quantity  to  be  deter¬ 
mined,  regardless  of  its  amount.  However,  a  10%  averagt 
deviation  may  be  acceptable  precision  at  a  concentration  level 
of  0.1%  but  would  not  be  acceptable  at  a  concentration  of  5.0  % 
when  competing  with  other  independent  means  of  analysis.  Ir 
order  to  justify  the  use  of  spectrographic  analysis  at  higher  con¬ 
centration  levels,  lower  per  cent  average  deviations  are  required 
to  obtain  acceptable  precision.  Therefore,  in  the  proposed  re-1 
quirements  an  empirical  relationship  has  been  established  between' 
the  minimum  accepted  precision  and  the  concentration  level  ‘ 
where  higher  average  deviations  are  permitted  and  lower  per  cenC 
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erage  deviations  are  required  for  higher  concentration  ranges, 
lis  relationship  also  is  in  accord  with  the  fact  that  in  spectro- 
aphic  analysis,  as  in  other  methods  of  analysis,  lower  relative 
ecision  is  required  in  determining  small  constituents  than  large 
es,  at  least  in  part  because  of  the  relation  of  sampling  tech- 
jue  and  constituent  homogeneity  limitations  at  extremely  low 
ncentrations. 

At  attempt  has  been  made  to  adjust  the  empirical  relationship 
actual  experience  and  to  reports  in  general  spectrographic 
erature  suggesting  what  minimum  requirements  should  be  ex- 
cted  for  equipment  to  give  the  usual  claimed  precision  for  con- 
ntrations  between  0.0001  and  5.0%.  The  evaluations  in  the 
lpirical  relationship  also  were  influenced  by  the  usual  precision 
tained  by  the  independent  wet  analysis — a  method  which  may 
substituted  if  the  spectrographic  analysis  fails  to  equal  or 
iprove  the  precision  obtained  with  the  chemical  technique. 
Since  there  appears  to  be  an  appreciable  difference  in  tech- 
:jues  used  for  concentrations  below  approximately  0.05%  as  corn- 
red  to  conditions  used  above  this  figure,  the  empirical  relation- 
ip  is  divided  into  a  low  and  medium  range.  Techniques  cali- 
ated  for  the  medium  range  cannot  claim  the  degree  of  precision 
their  lower  concentrations  as  would  lower  range  techniques 
ecializing  in  concentration  ranges  which  the  medium  range 
erlaps,  The  extreme  lower  concentrations  of  the  medium 
Qge  are  usually  considered  merely  as  residuals,  while  the 
ver  range  technique  claims  a  higher  degree  of  precision  for  the 
me  range  of  concentrations.  No  effort  is  made  to  cover  the 
gh  range  concentrations — i.e.,  above  5% — in  this  paper. 

Many  spectrographers  will  claim  more  precise  results  than  re¬ 
tired  by  the  empirical  relationship,  especially  in  the  low  range, 
jwever,  it  should  be  realized  that  the  precision  specified  here  is 
minimum  requirement.  It  is  expected  that  improvements  in 
ffinique  may  lead  to  more  precise  work. 

Some  spectrographers  may  desire  a  more  statistical  approach 
precision  by  adopting  the  standard  deviation  rather  than  the 
erage  deviation.  Such  a  modification  may  be  an  improvement. 
Dwever,  it  is  believed  that  the  suggested  empirical  relationship 
mid  be  comprehended  more  easily  in  terms  of  the  average  de- 
ition. 

k.  Through  personal  experience  and  by  contact  with  other 
ectrographers,  it  has  been  found  that  many  in  the  field  experi- 
ce  shifting  of  analytical  working  curves  without  any  known 
ange  in  technique.  It  becomes  necessary  to  run  a  series  of 
tndards  to  determine  the  nature  of  the  shift  and  make  correc- 
>ns  accordingly.  The  reason  for  this  shifting  is  not  usually 
town.  The  use  of  small  correction  factors  may  not  be  in- 
nvenient  if  the  precision  would  remain  satisfactory,  but  any 
treme  shifting  of  curves  requiring  abnormally  high  correction 
Jtors  would  indicate  a  poor  day-to-day  accuracy, 
there  has  been  no  change  in  technique,  theshift- 
g  must  be  due  to  some  instrumental  variation, 
though  the  source  of  variation  may  be  unknown, 
le  requirements  given  attempt  to  cover  ade- 
lately  any  such  shifting  of  analytical  working 
rves. 

l.  No  reference  is  made  to  requirements  for 
lotographic  processing  apparatus  or  calculating 
ichanisms,  as  both  are  assumed  to  be  classified 
the  category  of  technique. 

The  minimum  requirements  have  been 
■itten  primarily  for  those  control  and  testing 
^oratories  requiring  precise  and  accurate  routine 
lantitative  analysis.  There  may  be  some  labo- 
itories  whose  work  involves  only  qualitative 
lalysis  and  where  a  densitometer  or  micro- 
lot.ometer  would  not  be  used.  Other  establish- 
ents  may  require  results  of  only  a  semiquantita- 
,-e  nature  where  the  requirements  for  the 
iositometer  or  microphotometer  and  excitation 


equipment  could  be  less  rigid.  Such  cases  should  be  covered  by 
mutual  agreement  and  understanding. 

With  references  of  this  discussion  in  mind,  the  following  pro¬ 
posed  requirements  have  been  written.  The  small  letters  follow¬ 
ing  the  subtitles  refer  to  parts  of  the  above  discussion. 

PROPOSED  MINIMUM  REQUIREMENTS 

I.  The  Spectrograph  (a,  b) 

1.  The  spectrograph  shall  give  ample  dispersion,  resolution, 
definition,  and  wave-length  range  of  spectrum  lines  to  accom¬ 
plish  the  given  analysis.  Where  possible,  the  actual  values  for 
the  required  dispersion,  resolution,  and  wave-length  range  shall 
be  obtained  from  spectrographers  specializing  in  the  field  of  the 
given  analysis. 

2.  The  absorption  of  light  in  the  process  of  dispersion  shall  be 
sufficiently  low  to  permit  exposure  periods  of  2  minutes  or  less, 
as  further  specified  in  III,  2. 

3.  The  optical  system  shall  consist  of  high-grade  materials 
designed  to  keep  phenomena  such  as  scattered  and  stray  light, 
production  of  ghost  lines,  and  deterioration  of  optical  parts  at  a 
minimum. 

4.  Light  leakage,  as  noted  by  the  fogging  of  highly  sensitive 
photographic  emulsions,  shall  be  eliminated. 

5.  The  construction  and  mounting  shall  be  substantially 
rigid  to  permit  permanent  alignment  of  all  optical  parts. 

II.  The  Densitometer  or  Microphotometer  (c,  d,  e,f) 

1.  A  positive  means  of  spectrum  line  identification  shall  be 
provided  to  accomplish  the  given  analysis. 

2.  The  densitometer  or  microphotometer  shall  provide  a 
Unear  relationship  between  light  transmission  and  indicator 
response,  so  as  to  permit  uniform  sensitivity  between  0  and  100% 
transmission.  A  means  for  checking  the  linearity  of  the  instru¬ 
ment  shall  be  provided. 

3.  The  densitometer  or  microphotometer  reproducibiUty 
while  reading  or  recording  within  one  spectrogram  on  a  given 
photographic  emulsion  shall  include  the  following  conditions: 

a.  Five  check  readings  or  recordings  on  any  one  of  the  uni¬ 
form,  adopted  spectrum  lines  shall  fall  within  a  maximum  devia¬ 
tion  of  0.2%  of  full  linear  scale  deflection  without  intermediate 
adjustment  of  the  full-opaque  setting  or  the  clear  emulsion 
setting. 

6.  The  full-opaque  setting  and  the  clear  emulsion  setting  shall 
be  repeated  with  the  degree  of  precision  required  to  permit  the 
maximum  deviation  in  fine  readings  or  recordings  as  specified  in 
part  a  of  this  section. 

III.  The  Excitation  Equipment  ( g ,  h,  i,j,  k) 

1.  The  sensitivity  of  the  excitation  equipment  as  determined 
in  conjunction  with  a  spectrograph  as  specified  in  I  shall  be  such 
that  the  desired  minimum  concentration  of  the  element  or  ele¬ 
ments  in  question  shall  be  detected;  or  the  minimum  possible 
concentration  of  the  given  element  or  elements  to  be  detected 
shall  be  known  to  the  spectrographer. 
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2.  The  excitation  equipment  used  in  conjunction  with  a 
spectrograph  as  specified  in  I  shall  produce  a  light  source  of  suffi¬ 
cient  intensity  to  provide  an  adequate  exposure  on  standard 
photographic  emulsions,  without  a  condensing  lens  (a  lens  may 
be  used  with  astigmatic  instruments  in  those  wave-length  regions 
only  where  long  focal  distances  would  be  inconvenient),  in  not 
over  2  minutes,  with  the  source  10  inches  or  more  from  the  slit  of 
the  spectrograph  (see  I,  2).  (This  requirement  is  to  be  used  for 
testing  the  intensity  of  the  light  source,  and  with  part  I,  2,  the 
speed  of  the  spectrograph,  and  does  not  imply  that  established 
routine  techniques  have  to  be  bound  by  the  conditions  given.) 

3.  The  resulting  accepted  precision  using  the  excitation 
equipment  in  conjunction  with  a  spectrograph  as  specified  in  I 
and  a  densitometer  or  microphotometer  as  specified  in  II  shall  be 
determined  as  follows: 

a.  The  accepted  precision  in  the  determination  of  any  one 
element  shall  be  expressed  as  the  average  deviation,  5,  in  per¬ 
centage  concentration  of  the  element  in  the  sample,  from  the 
mean  result,  c,  of  eight  or  more  individual  trials.  The  highest 
accepted  value  of  5  shall  depend  on  the  magnitude  of  c  in  per¬ 
centage  concentration  of  the  element  in  the  sample,  as  given  in 
the  empirical  relationship  between  columns  1  and  2  of  Table  I. 
The  medium  range  should  not  be  used  for  techniques  specializing 
in  concentrations  of  less  than  0.1%.  The  precision  may  be  de¬ 
scribed  further  as  per  cent  average  deviation  as  given  in  column 

3  of  Table  I,  and  defined  as  -  X  100.  For  intermediate  values 

of  c  and  5,  see  Figures  1  and  2,  where  the  empirical  values  of  5  in 
Table  I  follow  within  close  approximation  a  straight  line  when 
plotted  against  c  on  the  given  logarithmic  axes.  (For  those  who 
desire  a  mathematical  expression  for  the  empirical  relationship 


Table  1.  Precision  and  Day-to-Day  Accuracy 


Average  Deviation 

Mean  %  Concen¬ 

from  Mean  in  % 

Maximum  Working 

tration  of  Ele¬ 

Concentration  of 

Per  Cent 

Curve  Shift  in  % 

ment  in  Sample, 

Element  in  Sample, 

Average 

Concentration  of 

c 

5 

Deviation 

Element  in  Sample 

Low  Range 

'0.0001 

0.00005 

50.0 

■> 

0.001 

0.00025 

25.0 

? 

0.01 

0.0012 

12.0 

? 

0.05 

0 . 0035 

7.0 

? 

0.10 

0.0057 

5.7 

? 

Medium  Range 

0.01 

0.003 

30.0 

±0.006 

0.05 

0.007 

14.0 

0.014 

0.10 

0.010 

10.0 

0.020 

0.50 

0.024 

4.8 

0.048 

1.00 

0.035 

3.5 

0.070 

2.00 

0.050 

2.5 

0.100 

3.00 

0.063 

2.1 

0.126 

4.00 

0.073 

1.83 

0.146 

5.00 

0.082 

1.64 

0. 164 

as  given  by  the  curves  in  Figures  1  and  2,  the 
equation 

log  5  =  log  b  +  n  log  c  or  o  =  bcn 

may  be  used,  where  S  is  the  average  deviation  from 
the  mean  in  percentage  concentration  of  the 
element  in  the  sample,  b  is  the  log  axis  intercept 
when  c  is  unity,  n  is  the  slope,  and  c  is  the  mean 
percentage  concentration  of  the  element  in  the 
sample.) 

b.  The  individual  results  used  to  determine  the 
value  5  shall  be  obtained  from  an  analytical 
working  curve  based  on  a  technique  as  specified  in 
III,  2,  c,  and  on  standard  or  routine  samples  of 
accepted,  known  concentration  meeting  the 
homogeneity  requirements  in  III,  2,  d. 

c.  The  analytical  working  curve  and  the  value 
of  5  shall  be  determined  by  using  a  technique 
(including  choice  of  spectrum  line  pair,  optical 
adjustments,  emulsion  calibration  method,  photo¬ 
graphic  processing,  and  type  of  photographic 
emulsion,  electrodes,  and  discharge)  which  is 
acceptable  to  the  spectrographer  and  the  manu¬ 
facturer  of  the  equipment. 

d.  The  standard  or  routine  samples  of  known 
concentration  used  to  calibrate  the  analytical 
working  curve  and  to  determine  the  value,  5,  shah 
be  acceptable  only  if  the  equipment  manufacture! 

and  spectrographer  agree  that  the  sample  material  used 
is  representative  of  a  satisfactorily  homogeneous  specimen.  The 
degree  of  homogeneity  of  routine  samples  should  be  known  prioi 
to  the  installation  of  the  equipment. 

4.  The  day-to-day  accuracy  of  the  excitation  equipment  usee 
in  conjunction  with  a  spectrograph  as  specified  in  I  and  a  densi¬ 
tometer  or  microphotometer  as  specified  in  II  shall  be  such  thal 
any  correction  factors,  as  determined  by  checking  the  acceptec 
standard  samples  with  the  established  technique,  shall  not  shifl 
the  original  analytical  working  curve  beyond  the  values  in  pel 
cent  concentration  of  the  element  in  the  samples  as  given  ir 
column  4  of  Table  I1,  over  a  test  period  of  90  days,  provided: 

a.  The  spectrographer  has  not  varied  his  technique  in  obtain 
ing  the  results  in  question. 

b.  The  spectrographer  has  maintained  all  parts  of  the  equip 
ment  as  specified  by  the  manufacturer  of  the  equipment. 

IV.  Auxiliary  Equipment 

1.  The  maximum  variation  in  input  voltage  permitted  fo: 
any  unit  of  the  installation,  while  achieving  the  ultimate  preci 
sion  and  accuracy  attainable  from  the  unit,  shall  so  be  specifiec 
by  the  manufacturer  of  the  equipment  in  order  that  a  prope: 
decision  may  be  made  concerning  auxiliary  input  voltage  control 

2.  Any  other  auxiliary  equipment  or  information  required  t( 
obtain  the  performance  as  described  in  these  requirements  shal 
so  be  specified  by  the  manufacturer  of  the  equpiment. 

V.  General  Remarks 

These  requirements  are  subject  to  change  for  reasons  as  follow, 
by  a  majority  vote  of  any  group  adopting  them: 

a.  Advancements  in  the  field  of  emission  spectrography. 

b.  Unfair  disadvantages  to  either  spectrographer  or  equip 
ment  manufacturer. 

FINAL  DISCUSSION 

If  these  requirements  are  found  to  be  too  rigid  or  too  lax,  th 
conditions  may  be  changed  by  the  majority  opinion  of  any  grou] 
or  society  considering  such  requirements.  Nevertheless,  th< 
minimum  capabilities  of  the  equipment  at  least  will  be  expresse< 
in  concrete  terminology. 

It  is  admitted  that  the  requirements  may  emphasize  the  view 
point  of  a  spectrographer.  If  any  incompleteness  or  uninten 
tional  unfairness  has  been  noted,  the  suggestions  and  criticism 
of  all  interested  spectroscopists,  equipment  manufacturers,  an< 
other  spectrographers  will  be  most  welcome  and  appreciated 
If  the  reader  has  been  convinced  of  the  need  for  such  require 
ments,  the  paper  has  served  its  purpose. 

1  In  this  case  column  1  of  Table  I  represents  the  concentration  values  o 
the  original  working  analytical  curve.  The  values  given  in  column  4  ar 
equivalent  to  twice  the  values  as  given  in  column  2.  The  maximum  workin, 
curve  shifts  for  the  low  range  have  been  left  open  for  discussion  as  indicate) 
by  the  question  marks. 
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Qualitative  Spectrographic  Analysis 

G.  W.  STANDEN 

Research  Division,  Technical  Department,  The  New  Jersey  Zinc  Company  (of  Pa.),  Palmerton,  Pa. 


A  system  of  qualitative  analysis  for  the  metallic  elements  using  the 
spectrograph  as  a  tool,  is  described  and  its  advantages  and  limita* 
tions  are  indicated.  Allowance  is  made  for  differences  in  sensitivity 
by  comparing  the  unknown  spectrum  with  standard  spectra  which 
permit  a  semiquantitative  estimation  of  each  element  found. 


ample,  phosphorus  reported  as  weak  would  be  present  to  a 
much  higher  concentration  than  magnesium  also  reported  as 
weak.  Thus,  the  person  unacquainted  with  the  relative  sensi- 


THE  usefulness  of  the  spectrograph  as  a  tool  for  qualitative 
chemical  analysis  has  long  been  recognized.  During  the 
last  15  years,  however,  the  emphasis  has  been  on  quantitative 
.analysis,  in  which  field  much  research  has  been  carried  out,  re¬ 
sulting  in  widespread  use  of  the  spectrograph  in  the  analytical 
laboratory.  Meanwhile,  qualitative  analysis  continues  as  a 
'useful  but  less  publicized  function  of  the  spectrograph.  This 
paper  describes  a  system  of  qualitative  analysis  for  the  metallic 
elements  and  indicates  its  advantages  and  its  limitations. 

Identification  of  elements  in  spectrographic  analysis  is  very 
positive  even  when  dealing  with  very  low  concentrations.  The 
sensitivity  is  generally  excellent  and  superior  to  other  methods. 
The  very  sensitivity  of  spectrographic  analysis,  however,  is  often 
its  most  disconcerting  feature.  When  the  analyst  reports  the 
presence  of  fifteen  to  twenty  elements  in  a  sample  that  was  sus¬ 
pected  of  containing  about  five,  the  report  is  confusing  unless  the 
identification  is  accompanied  by  a  statement  of  the  approximate 
relative  concentrations  of  the  elements  found.  The  more  semi¬ 
quantitative  a  qualitative  analysis  can  be  made,  the  more  useful 
it  is. 

The  requirements  of  a  qualitative  analysis  _ 


Table  I.  Range  of  Spectrum  in  Which  Elements  May  Be  Detected 
with  Greater  Sensitivity 

Equal  Sensitivity 

Range  1  (7000-3200  A.)  Range  2  (3400-2370  A.)  in  Range  1  or  2 

Ba,  Ca,  Cr,  Cs,  Li,  Na,  Ag,  Al,  As,  Au,  B,  Be.  Kb  Rh,  T1 

Rb,  Sr  Bi,  Cb,  Cd“,  Ce,  Co, 

Cu,  Er,  Fe,  Ga,  Ge, 

Hg,  In,  Ir,  La,  Mg, 

Mn,  Mo,  Nd,  Ni,  P, 

Pb,  Pd,  Pt,  Sb,  Si, 

Sn,  Ta,  Te,  Th,  Ti, 

U,  V,  W,  Y,  Zn,  Zr 

°  For  greatest  sensitivity  in  detection  of  Cd,  a  line  at  2288.018  A.  beyond 
Range  2  must  be  used. 

*  For  greatest  sensitivity  in  detection  of  K,  a  red-sensitive  plate  such  as 
Eastman  Spectroscopic  Plate  1-L  must  be  used  to  record  the  7664.9  and 
7698.9  A.  lines. 


Standard 

No. 

1 

2 

3 

4 

5 

6 


Table  II.  Master  Standards  for  Identification 

. - Element  and  Percentage  in  Zinc  Matrix  - 


10.0%  1.0% 


Na,  K, 
Cs,  Rb 


SrBa,  Li 
U,  Nd 


0.01% 

Ca 

As 

P,  Tl 

Ce,  La, 
Te 


Ta, 


Cb 


0.001% 

Al,  Cd,  Cu,  Pb, 
Sn 

Co,  Cr,  Ga,  Sb, 
Ti 

In,  Ir,  Pd,  Pt, 
Rh,  W 

Er,  Hg,  Th.Y, 
Zr 

Si,  Fe 


0.0001% 

Ag,  Bi,  Mg, 
Mn 

Be,  Ge,  Ni, 
V 

Au,  Mo 


may  best  be  indicated  by  listing  three  of  the 
principal  applications: 

1.  As  a  preliminary  to  quantitative  analysis, 
to  indicate  what  elements  should  be  determined 
and  what  separations  may  be  required  to  avoid 
interferences. 

2.  As  an  aid  to  qualitative  x-ray  diffraction 
analysis  to  limit  the  search  for  an  x-ray  pattern 
match  to  compounds  containing  the  principal 
elements  found. 

3.  To  detect  the  presence  of  beneficial  or 
deleterious  trace  elements  in  raw  materials  and 
.finished  products. 

In  the  first  two  of  these  and  in  other  ap¬ 
plications,  a  semiquantitative  analysis  is  much 
more  valuable  than  simple  identification  of  the 
presence  or  absence  of  constituents. 

In  the  early  stages  of  the  practice  of  qualitative 
analysis  in  this  laboratory,  the  analytical  report 
of  the  elements  found  was  accompanied  by  a 
visual  estimate  of  the  intensities  of  the  spectral 
lines,  using  the  following  arbitrary  designations: 
vs,  very  strong;  s,  strong;  m,  moderate;  w,  weak; 
if,  faint;  vf,  very  faint;  and  xf,  extremely  faint. 

In  interpreting  such  an  analysis,  allowance 
must  be  made  for  the  relative  sensitivities  of 


Table  III.  Most  Sensitive  Lines  and  Percentage  Limits  of  Detection 

Limit  Limit 


Ele¬ 

Lines,  A. 

of 

Detec¬ 

Use 

Ele¬ 

of 

Detec¬ 

Use 

ment 

tion,  % 

Range 

ment 

Lines,  A. 

tion,  % 

Range 

Ag 

3280.683 

0.0001 

II 

Mg 

2852.129 

0.0001 

II 

Al 

3092.713-3082.155 

0.001 

II 

Mn 

2794.817-2576.104 

0.0001 

II 

As 

2780.197-2860.452 

0.01 

II 

Mo 

3132.594 

0.0001 

II 

Au 

2675.95  -2427.95 

0.001 

II 

Na 

5895.923-5889.953 

0.0001 

I 

B 

2497.733 

0.0001 

II 

Nd 

3328.270-3133.603 

1.0 

II 

Ba 

4934.086-6141.716 

0.01 

I 

Ni 

3050.819-3002.491 

0.0001 

II 

Be 

3131.072-3130.416 

0.0001 

11“ 

P 

2535.65 

0.01 

II 

Bi 

3067.716 

0.0001 

II 

Pb 

2833.069-2614.178 

0.0001 

II 

Ca 

4226.728-3933.666 

0.001 

I 

Pd 

3242.703 

0.01 

II 

Cb 

3194.977 

0.001 

II 

Pt 

3064.712-2997.967 

0.001 

II 

Cd 

3261.057 

0.001 

IIf> 

Rb 

6298.327 

1.0 

I 

Ce 

3201.714 

0.01 

II 

Rh 

3434.893-3396.85 

0.001 

I  or  II 

Co 

2424.930-2521.363 

0.001 

II 

Sb 

2598.062 

0.001 

II 

Cr 

4254.346-4274.803 

0.0001* 

I 

Si 

2881.578-2516.123 

0.0001 

II 

Cs 

4593 . 177 

1.0 

I 

Sn 

2839.989 

0.0001 

II 

Cu 

3247.540-3273.962 

0.0001 

II 

Sr 

4607.331-4077.714. 

0.01 

I 

Er 

3289.36 

0.01 

II 

Ta 

2714.674 

0.01 

II 

Fe 

3020 . 640-2979 . 352 

0.0001 

II 

Te 

2385.76 

0.001 

II 

Ga 

2943.637-2874.244 

0.001 

II 

Th 

2837.299 

0.01 

II 

Ge 

2651.178 

0.0001 

II 

Ti 

3372.800-3234.516 

0.001 

II 

Hg 

2536.519 

0.001 

II 

Tl 

5350.46  -2767.87 

0.01 

I  or  II 

In 

3256.090-3039.356 

0.001 

II 

U 

2889.627 

1.0 

II 

Ir 

3220.780-2924.792 

0.01 

II 

V 

3183.982-2908.817 

0.001 

II 

K 

4044.140-3217.017 

10.0 

I  or  ID 

w 

2946.981 

0.001 

II 

La 

3337.488 

0.1 

II 

Y 

3242.280-3216.682 

0.01 

II 

Li 

6707.844 

0.001 

I 

Zr 

3391.975 

0.001 

II 

Zn 

3345.020-3302.588 

0.01 

II<* 

a  Most  sensitive  Be,  2348.6  in  Range  Hi. 
b  Most  sensitive  Cd,  2288.018  in  Range  III. 

c  Most  sensitive  K,  7664.9  and  7698.9  A.  A  red-sensitive  photographic  plate  such  as  Eastman 
spectroscopic  1-L  must  be  used,  which  yields  a  sensitivity  of  0.01%  for  potassium. 

*  Graphite  base. 
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tivities  would  be  misled  by  an  analytical  report  baset 
only  on  line  intensity. 

As  a  result  of  this  weakness  of  the  method,  a  systen 
was  devised  to  allow  for  differences  in  sensitivity  b' 
comparing  the  unknown  spectrum  with  standarc 
spectra  which  permit  a  semiquantitative  estimatioi 
of  each  element  found.  The  details  of  the  spectrog 
raphy  and  interpretation  are  given  in  this  paper. 

SPECTROGRAPHY 

Of  the  various  means  of  exciting  the  spectra,  thi 
direct  current  arc  with  graphite  electrodes  is  probabh 
the  best  for  general  detection  of  metallic  constituent; 
from  the  standpoint  of  sensitivity,  general  applica 
bility,  and  convenience.  The  electrodes  are  mountec 
vertically,  the  sample  being  placed  in  a  crater  drillec 
in  the  tip  of  the  lower  electrode.  This  means  o 
excitation  is  used  in  nearly  all  cases  of  qualitativ< 
analysis  in  this  laboratory.  A  large  Littrow-typi 
quartz  spectrograph  is  used  to  record  the  spectra 
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One  procedure  is  to  place  approximately  0.1  gran 
of  the  unknown  in  a  crater  drilled  in  the  tip  of  ; 
graphite  electrode.  With  this  electrode  as  positivt 
pole  and  a  counterelectrode  of  graphite,  a  10-amperi 
direct  current  arc  is  struck  to  excite  the  spectrum 
The  exposure  is  continued  until  all  the  sample  appear; 
to  have  been  volatilized,  5  to  15  minutes,  depending 
upon  the  nature  of  the  sample.  Under  such  condi¬ 
tions,  the  more  volatile  elements  are  vaporized  in  tht 
initial  stages  and  the  more  refractory  elements  fust 
down  to  a  bead  at  the  bottom  of  the  crater  and  art 
vaporized  more  slowly.  Complete  vaporization  o 
the  sample  is  necessary  for  a  reliable  analysis.  Ir 
this  paper  this  type  of  arc  is  referred  to  as  tht 
conventional  direct  current  arc. 


X 


Ph 

•o 

PL, 

X 

PL, 

P, 

2 

T3 

25 


o 

o 


o 

o’ 


o 

o 


o 

o 


1-H  I  O 
©  *-< 


y-t  © 
•  ©  T-< 


©©^-t© 

•o'ho'h 


© 

:© 


©  o  ©  © 
•  o  ©  •  •  ©  © 


©  o  © 
’©©1-1 


©o© 
:  ©  1-1  © 


c3 


£ 


_  59  P  £2  05 ©  CO  ©  CQ  (M  (M  Oi  h'.  0305©»-t©»0  t^©<N00’-<iCO(M»O 

Jd2?ir:S!^OT‘r5©OC0t-<Oi003CCi00C^r-<f^t^C0»0a5'-'’-'©O’-,h^C<lt^00Oc0CnCi000t^ 
r*-&0  °°O(NOc0'^©©^l^^©C0©©©e0t^©^t^(N(NC0»Ot^00©00©©©»-i©MW?00> 


«3J  C 


& 


JOJOCJCOIO©COCO-^©©©©<M©CO©00— *-^0000COeOC0GOr^©©00©00©”^^^i-tO5 

2Xr?n,°C)lC|G|OCS'^0©COCOiOaOCOCOU*©COCOOOOOCSCOCO*-<t^OOCO>-iOcr505iM<Mcr3 

COOlCOCOCOCOC^OlCOCOCOOlCOCO'MOlC^CO'MC^C^OKM'MCOCOCOCOCSiMlMCOCOC^fMCOCOCO 


01  T3  .h 

If  2  s  z 

S'® 


a.-0-0 


J3 

0,  pj 


x  a 

0Q73 


u  ol  V 

CCH  E-, 


X 


E-i 


H 


>  &  (H  tS 


For  several  years  this  laboratory  has  been  using  £ 
more  rapid  technique,  the  Hasler  high  streaming 
velocity  arc  ( 1 ,  2)  which  has  been  adapted  t( 
qualitative  analysis. 

The  sample  is  put  into  the  form  of  a  fine  powdei 
and  intimately  mixed  with  carbon  powder  obtainec 
by  the  charring  of  sucrose.  (Graphite  powder  is  nol 
suitable  for  this  purpose.)  This  mixture  is  packec 
into  the  crater  of  a  specially  formed  graphite  electrodf 
and  then  volatilized  in  the  direct  current  arc.  Undei 
these  conditions  the  sample  passes  very  rapidly  intc 
the  arc  flame,  the  gases  developed  by  the  burning 
sucrose  carbon  powder  literally  blowing  the  powdei 
into  the  arc  flame.  Most  samples  are  completely 
removed  from  the  electrode  in  0.5  minute.  This  typ< 
of  arc  seems  to  effect  a  uniform  transfer  of  the  sample 
from  the  electrode  to  the  arc  as  compared  to  the 
fractional  distillation  taking  place  in  the  conventiona 
arc. 

The  tip  of  a  0.78-cm.  (0.3125-inch)  diametei 
graphite  electrode  is  drilled  with  a  special  cutter  so  as 
to  form  an  annular  hole  0.6  cm.  (0.25  inch)  in  outside 
diameter,  0.3  cm.  (0.125  inch)  in  inside  diameter,  and 
0.78  cm.  (0.3125  inch)  deep.  This  leaves  a  centei 
pole  of  0.3  cm.  (0.125  inch)  diameter  at  the  center  oi 
the  crater.  The  unknown  sample  is  dissolved  in  acid 
preferably  nitric,  and  the  solution  evaporated  tc 
dryness  in  a  fused  quartz  dish,  and  heated  gently 
over  ^  Bunsen  burner  substantially  to  decompose  the 
nitrates  into  oxides.  If  the  sample  is  already  in 
powder  form,  this  solution  step  may  be  omitted.  The 
powder  is  then  ground  in  an  agate  mortar  to  a 
fineness  equivalent  to  through  200-mesh  and 
thoroughly  mixed.  The  powder  should  not  be 
screened  because  of  the  danger  of  contamination. 
Approximately  equal  volume  portions  of  the 
powdered  sample  and  sucrose  carbon  are  intimately 
mixed  and  ground  in  an  agate  mortar  and  the  annular 
hole  electrode  crater  is  filled  with  this  mixture.  A 
special  metal  funnel  is  used,  fitting  over  the 
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electrode  in  such  a  manner  that  none  of  the  powder  is  lost 
luring  transfer.  With  zinc-base  samples,  a  standard  quantity 
pf  50  mg.  of  sample  powder  and  50  mg.  of  sucrose  carbon  is 
osed.  In  all  cases  exposure  time  is  standardized  at  one  minute. 

Spectra  obtained  from  this  type  arc  are  much  more  free  of 
background  than  the  arc  formerly  used  and  the  exposure  time  is 
only  one  tenth  as  long. 

Comparative  tests  have  been  made  between  the  conventional 
direct  current  arc  and  the  high  streaming  velocity  arc  on  a 
variety  of  samples.  The  relative  concentrations  of  the  elements 
n  an  unknown  are  indicated  to  be  substantially  the  same  by  the 
iwo  methods.  The  high  streaming  velocity  arc  method  is  some- 
vhat  more  sensitive,  since  a  few  trace  elements  are  usually  de¬ 
leted  which  were  not  detected  by  the  conventional  arc  method. 
The  very  large  decrease  in  exposure  time  results  in  an  important 
ncrease  in  speed,  and  saving  in  labor. 

Most  metals  have  their  most  sensitive  lines  in  the  ultraviolet 
portion  of  the  spectrum.  A  few  metals  (barium,  calcium, 
chromium,  cesium,  lithium,  sodium,  rubidium,  and  strontium 
show  greater  sensitivity  in  the  visible  spectrum,  however,  and  if 
:he  amounts  of  these  elements  are  small  their  spectral  lines  may 
lave  to  be  sought  also  in  the  visible  spectrum.  With  the  Littrow 
spectrograph,  this  requires  the  taking  of  two  plates.  In  this 
aboratory  these  two  spectral  regions  are  designated  as  Range  1 
'or  visible)  extending  from  7000  to  3200  A.,  and  Range  2  (or 
dtraviolet)  extending  from  3400  to  2370  A.  Table  I  shows  the 
•ange  of  the  spectrum  in  which  the  elements  may  be  detected 
vith  greater  sensitivity. 

The  data  of  Table  I  are  based  on  experimental  tests  of  sensi¬ 
tivity  in  a  zinc  matrix,  using  the  direct  current  arc  between 
graphite  electrodes.  With  other  matrices,  other  supporting 
dectrodes,  self-electrodes,  other  excitation  conditions,  or  other 
jhotographic  plates,  the  grouping  would  probably  be  different. 

As  a  matter  of  routine  practice  the  spectrum  is  usually  photo¬ 
graphed  in  Range  2  only.  Evidence  for  all  of  the  elements  listed 
n  Table  I  is  sought.  If  some  elements  not  detected  in  Range  2 
ind  having  a  greater  sensitivity  in  Range  1  are  of  especial  in¬ 
terest  in  the  particular  sample  being  analyzed,  the  spectrum  will 
)e  rephotographed  in  Range  1.  In  some  cases  the  spectra  will 
pe  photographed  in  both  ranges  at  the  outset. 

IDENTIFICATION 


A  survey  has  been  made  of  possible  line  interferences.  These 
interferences  may  be  due  to  the  coincidence  of  a  line  of  the  inter¬ 
fering  element  with  the  persistent  line  of  the  element  sought  or 
to  the  proximity  of  a  strong  line  of  an  interfering  element.  Table 
IV  shows  the  concentration  of  interfering  elements  which  may 
interfere  with  the  identification  of  traces  of  elements  sought. 
The  data  are  derived  from  zinc-base  standards  and  the  percent¬ 
ages  expressed  in  terms  of  the  zinc  matrix.  The  use  of  the  table 
may  be  illustrated  by  an  example.  Suppose  the  only  line  of 
barium  detectable  in  a  sample  is  the  2634.783  line.  If  the  sample 
contains  1%  of  columbium,  or  10%  of  copper,  molybdenum,  or 
neodymium,  the  indicated  presence  of  barium  would  be  open  to 
question. 

In  most  cases,  identification  can  be  established  by  the  detec¬ 
tion  of  several  lines  of  each  element.  If,  however,  only  the  most 
persistent  line  (or  lines)  of  an  element  are  found,  then  the  possi¬ 
bilities  of  interference  given  in  Table  IV  must  be  considered. 

SEMIQUANTITATIVE  EVALUATION 

Each  element  found  in  the  unknown  is  graded  by  comparison 
with  the  spectra  of  a  series  of  standard  samples  made  up  in  a  zinc 
base.  Since  the  standards  are  in  a  zinc  base,  their  use  is  strictly 
valid  only  when  analyzing  zinc-base  materials,  but  it  has  been  the 
experience  in  this  laboratory  that  these  standards  give  useful 
results  with  other  than  zinc-base  materials — results  which  are 
more  valid  than  if  no  compensation  was  made  for  differences  in 
spectral  sensitivity  of  the  various  constituents  of  an  unknown. 

The  standards  are  made  as  follows:  Nine  grams  of  zinc  and  1 
gram  of  the  element  are  dissolved  in  nitric  acid.  (If  the  element 
cannot  be  dissolved  in  nitric  acid,  a  small  quantity  of  some  other 
solvent  is  used  to  effect  a  solution,  following  which  the  solution  of 
zinc  in  nitric  acid  is  added.)  The  resulting  solution,  containing 
90%  zinc  and  10%  element,  is  converted  to  a  well-mixed  oxide 
powder  in  the  manner  described  above  for  preparing  unknown 
samples.  In  some  cases  it  is  not  possible  to  achieve  a  clear  solu¬ 
tion,  but  this  does  not  matter  since  the  solution  is  evaporated  to 
dryness  and  the  powder  is  well  ground  and  mixed.  This  con¬ 
stitutes  the  10%  standard.  A  one-tenth  aliquot  of  this  weight 
of  powder  is  then  dissolved  in  nitric  acid,  together  with  9  grams 
of  zinc.  From  this  solution  the  second  standard  is  prepared, 
equivalent  to  1%.  This  process  is  continued  until  standards 
are  available  for  10,  1,  0.1,  0.01,  0.001,  and  0.0001%.  This  is 
carried  out  for  the  53  elements  fisted  in  Table  III.  In  the  case 
of  the  standards  for  the  grading  of  zinc,  a  base  of  graphite 
powder  is  used. 


To  facilitate  spectral  fine  identification,  a  comparison  plate  is 
rsed  upon  which  are  recorded  the  spectra  of  a  group  of  master 
standards  containing  enough  of  the  various  elements  in  a  zinc 
natrix  to  give  several  of  the  strongest  fines  of  each.  The  com¬ 
positions  of  each  are  fisted  in  Table  II. 

In  routine  practice,  no  attempt  is  made  to  identify  every  fine 
n  the  spectrum.  Rather,  a  search  is  made  only  for  each  of  53 
dements  by  reference  to  the  master  standard  plates.  Of  the 
dements  not  specifically  sought,  eleven  are  gases,  five  are  non- 
metals  not  detectable  in  the  direct  current  arc,  and  twenty  are 
■are  metals. 

The  most  sensitive  fines  under  the  con¬ 
ditions  of  spectrography  specified  in  this  - 

Paper  and  the  approximate  limits  of  detec- 
ion  are  fisted  in  Table  III.  No  attempt 
s  made  to  indicate  the  sensitivity  more 
precisely  than  in  order  of  magnitude. 

Obvious  precautions  must  be  observed 
n  identification.  The  more  fines  of  a 
particular  element  which  can  be  ob¬ 
served,  the  more  certain  is  its  identifica¬ 
tion.  If  only  the  most  persistent  fine 
shows  up  faintly,  the  possibility  that  that 
ine  is  a  faint  line  in  the  spectrum  of  an¬ 
other  constituent  or  from  an  electrode  im¬ 
purity  must  be  considered. 


The  spectra  of  the  six  standards  for  each  of  the  elements  are 
photographed  and  kept  on  file  as  standard  grading  plates. 


Table  V.  Reporting  Designations  Based  on  Relative  Concentrations 

Standard,  %  Reporting  Designation 


>10.0 

V8 

10.0 

8 

1.0 

m 

0.1 

W 

0.01 

f 

0.001 

vf 

0.0001 

xf 

Table  VI.  Comparison  between  Qualitative  and  Quantitative  Analyses 


1° 

Zn 

Pb 

Cd 

Sn 

In 

Fe 

Cu 

Ag 

Sb 

Ni 


Sample  A 


2  b 

vs 

m 

w 

f 

f 

f 

f 

vf 

vf 

vf 


Sample  B 


la  2i> 


0.5 

0.17 

0.006 

0.005 

0.04 

0.023 


0.0005 


Zn 

Ni 

Mg 

Pb 

Sn 

Fe 

Cu 

Cd 

Mn 

Mo 

Bi 


vs 

w 

f 

f 

f 

f 

f 

vf 

vf 

vf 

xf 


0.045 

0.08 

0.055 

0.027 

0.04 

0.025 

0.002 

0.006 

0.0005 


la 

Cu 

A1 

Fe 

Ni 

Zn 

Ag 

Mn 

Pb 

Sn 

Cr 

Be 


Sample  C 


2b 

vs 

w-m 

w-m 

w 

f-w 

f-w 

f 

vf-f 

vf-f 

vf 

xf-vf 


87.8 

8.8 

2.2 

<  6.1 


0.037 

0.024 


1“ 

Cu 

Zn 

A1 

Fe 

Mn 

Pb 

Sn 

Ni 

Ag 

Cr 

Sb 


Sample  D 


T 


vs 

m-s 

w-m 

w-m 

w-m 

w 

f-w 

f 

vf-f 

vf-f 

xf-vf 


3C 

55.1 

42.0 

0.83 

0.83 

0.66 

0.13 

0.18 


1° 

Fe 

Ti 

Si 

Mg 

Ca 

A1 

Mn 

V 

Ga 

Cu 


Sample  E 


2  b 

m-s 

m-s 

m-s 

w-m 

w-m 

w 

f-w 

vf-f 

vf 

xf-vf 


40.0 

8.6 

4.4 

3.4 
6.9 
1.2 

0.36 


°  Elements  detected. 

b  Qualitative  grading  of  relative  concentration. 
c  Quantitative  determination  where  available. 
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Table  VII.  Comparison  of  Moving  Plate  Method  and  High 
Streaming  Velocity  Arc 


8am  pie 

Found  in  M.P.M.  but 

Not  in  H.S.V.A.M. 

Found  in  H.S.V.A.M. 
but  Not  in  M.P.M. 

A 

None 

None 

B 

Bi,  Be,  Ga,  Tl,  P,  Zr,  Sr 

None 

C 

Ga,  As,  Ge,  Sb,  P,  Sr,  Co 

None 

D 

Ti 

Zn 

E 

Ni,  Cd 

None 

F 

None 

None 

The  spectrum  of  an  unknown  is  first  examined  to  determine 
what  elements  are  present  by  reference  to  the  master  standard 
plates.  The  plate  is  then  compared  visually  with  the  standard 
grading  plates  for  the  elements  found,  and  an  estimate  is  made  of 
the  standard  to  which  each  element  intensity  in  the  unknown 
most  nearly  approximates. 

Each  standard  has  been  assigned  an  arbitrary  grading  desig¬ 
nation  for  report  purposes,  as  shown  in  Table  V.  An  element 
graded  as  being  nearer  the  0.01%  standard  than  to  any  other 
standard  could  be  reported  as  approximately  0.01%  or  as  f.  An 
element  judged  to  be  about  midway  between  0.01  and  0.1% 
could  be  reported  as  approximately  0.05  or  as  f-w.  It  is  the 
general  practice  in  this  laboratory  to  report  the  symbol  rather 
than  the  approximate  percentage.  To  report  an  actual  figure  in 
per  cent,  even  though  modified  by  the  word  “approximately”, 
may  be  misinterpreted  by  some  user  of  the  results  as  an  exact 
quantitative  result. 

There  are  several  known  sources  of  error.  An  effort  is  made  to 
maintain  uniform  excitation  conditions,  plate  sensitivity,  and 
plate  processing  conditions,  but  these  conditions  are  variable. 
The  photographic  errors  are  particularly  serious.  Differences 
in  the  major  constituents  of  the  sample  introduce  variations  in 
the  intensity  of  the  spectra,  which  cannot  be  completely  con¬ 
trolled  or  compensated  for  by  any  practical  methods. 

The  analytical  results  on  five  samples  selected  at  random  from 
samples  upon  which  both  qualitative  and  quantitative  analyses 
have  been  made  are  listed  in  Table  VI.  Two  zinc-base,  two 
copper-base,  and  one  iron-base  samples  are  included.  These 
results  indicate  the  degree  of  reliability  to  be  expected  from  the 
semiquantitative  indications  given  by  this  system  of  qualitative 
analysis. 

The  average  time  required  for  the  identification  and  grading 
of  a  qualitative  plate  is  20  minutes. 

MOVING  PLATE  METHOD 

Occasional  use  is  made  of  another  technique  designated  as  the 
moving  plate  method.  No  claim  is  made  for  originality  in  using 
this  technique  but  the  results  obtained  thereby  in  qualitative 
analysis  are  worthy  of  being  recorded. 

Using  simple  counter-type  graphite  electrodes,  the  sample  is 
volatilized  with  the  direct  current  arc  and  the  spectrum  recorded 
in  successive  increments  of  exposure  over  the  entire  5-  to  15- 
minute  period  which  may  be  required  to  volatilize  the  entire 
sample.  The  author’s  practice  is  to  photograph  a  spectrum  2 
mm.  wide  for  each  30  seconds  of  exposure,  moving  the  plate  2 
mm.  vertically  every  30  seconds  during  the  total  arcing  period. 

This  technique  results  in  a  series  of  spectra  showing  the  ele¬ 
ments  being  volatilized  during  each  increment  of  the  arcing 
period.  This  sometimes  gives  greater  sensitivity  in  detecting 
some  elements,  particularly  those  elements  which  volatilize  over 
a  short  period  at  some  portion  of  the  arcing  period,  probably  be¬ 
cause  the  increment  of  spectrum  exposure  recorded  at  the  time 
the  particular  element  is  being  volatilized  is  not  overexposed 
with  general  background. 

The  results  shown  in  Table  VII  indicate  that  the  moving  plate 
method  is  more  likely  to  detect  all  the  elements  present  than  the 
high  streaming  velocity  arc  method. 

The  additional  elements  found,  however,  are  trace  elements 


giving  very  faint  spectra.  The  moving  plate  method  is  much 
more  time-consuming  and  is  not  used  as  a  matter  of  routine  unless 
circumstances  indicate  the  need  for  the  very  best  sensitivity  and 
the  most  complete  analysis. 

In  grading  a  plate,  the  practice  is  to  search  each  spectrum 
for  each  of  the  53  elements.  The  intensity  grading,  for  each 
element  found,  is  made  on  the  increment  of  exposure  showing 
this  element  most  strongly,  using  the  same  standard  grading 
plates  as  those  used  for  the  high  streaming  velocity  arc.  No 
justification  for  the  validity  of  relative  concentration  gradings 
made  in  this  manner  can  be  made  except  to  say  that  the  grad¬ 
ings  are  generally  in  fair  agreement  with  those  made  by  the 
high  streaming  velocity  arc  method. 
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Alund  um  Gas  Diffusers 

DWIGHT  WILLIAMS  and  GEORGE  S.  HAINES 
Research  Department,  Westvaeo  Chlorine  Products  Corporation, 
South  Charleston,  W.  Va. 

AVERY  convenient  and  inexpensive  gas  diffuser  for  labora¬ 
tory  use  can  be  made  by  sealing  ordinary  Pyrex  glass  tub¬ 
ing  to  Alundum  extraction  thimbles.  Despite  the  fact  that 
Alundum  has  about  twice  the  expansion  coefficient  of  Pyrex, 
satisfactory  seals  can  be  made  between  the  two  materials  as 
shown  in  Figure  1.  The  large  sizes  are 
made  by  blowing  an  enlargement  in  the 
tubing  of  desired  size  and  butt-sealing 
this  to  the  thimble.  The  smallest  size  is 
most  conveniently  made  by  lap-sealing 
the  glass  tubing  to  the  thimble.  The 
resistance  of  this  type  of  diffuser  is  in¬ 
dicated  by  the  data  in  Table  I,  showing 
typical  pressure  drops  across  the  various 
size  thimbles  when  passing  1000  ml.  oi 
air.  per  minute  through  water.  The 
Alundum  thimbles  are  available  from  the 
Norton  Company,  Worcester,  Mass.,  for 
about  50  cents  each.  The  Norton  Com¬ 
pany  recommends  Alundum  diffusers  for 
use  in  acid  but  not  in  alkaline  solutions. 
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Table  I.  Pressure  Drop  across  Alundum  Diffusers 

(Air  rate  =  1000  ml.  per  minute) 


- Diffuser -  Pressure. 

Dimensions,  Mm.  Description  Mm.  of  Hg 

19  X  90  No.  6839,  RA98  82 

16  X  70  No.  11702,  RA98  92 

16  X  90  No.  7338,  RA98  107 

6  X  32  No.  8133,  RA98,  sanded  130 

6  X  32  No.  8133,  RA98  162 


/  \ 


Scale,  cm. 

Figure  t 


Determination  of  Noncondensables  in  Gas 

AARON  E.  MARKHAM,  Research  Department,  York  Corporation,  York,  Pa. 


An  apparatus  is  described  (or  the  quantitative  determination  of 
small  percentages  of  noncondensable  in  an  easily  condensed  gas. 
The  apparatus  should  be  useful  for  analyses  of  many  gaseous  sys¬ 
tems,  especially  in  the  case  of  gases  for  which  no  chemical  absorb¬ 
ents  are  available.  The  vapor  pressure  and  liquid  density  of  the 
condensable  gas  must  be  known.  The  method  has  been  applied  to 
the  determination  of  noncondensable  in  commercial  difluorodi- 
chloromethane,  Freon-12. 

THE  need  has  arisen  in  this  laboratory  in  connection  with 
research  work  on  refrigeration  for  a  method  of  quantitative 
determination  of  noncondensable  in  the  presence  of  large  amounts 
of  easily  condensed  gas.  Routine  determinations  were  required 
for  such  analyses  of  dichlorodifluoromethane,  boiling  point 
—  30°  C.,  when  the  noncondensable  was  in  the  range  of  0.001  to 
3%.  Atmospheric  gases  constituted  the  noncondensable. 

A  method  developed  by  the  Kinetic  Chemicals  Corporation 
(1)  was  available  for  the  determination  of  nonabsorbable  in  kero¬ 
sene,  which  in  this  case  is  nearly  the  same  as  noncondensable. 
Their  method  involves  the  absorption  of  the  condensable  gas  in 
kerosene  which  has  been  freshly  boiled  and  then  saturated  with 
air.  However,  the  method  was  not  satisfactory  for  the  author’s 
purposes,  for  several  reasons.  First,  a  rather  large  correction 
(1.6%)  must  be  applied  to  compensate  for  air  driven  out  of  the 
kerosene  by  the  dichlorodifluoromethane.  Such  a  correction 
leads  to  inaccuracies  in  the  low  range  of  nonabsorbables.  Fur¬ 
thermore,  a  method  was  desired  which  measured  actual  non¬ 
condensable  without  the  assumption  that  it  was  the  same  as  non¬ 
absorbable.  The  apparatus  described  here  proved  to  be  rapid  Id 
operation  and  to  give  reproducible  results  in  the  whole  range  of 
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concentration  desired.  A  complete  analysis  requires  from  10  to 
15  minutes,  exclusive  of  calculation. 

PRINCIPLE  OF  THE  METHOD 

The  gas  is  liquefied  by  cooling  in  a  graduated  tube.  The 
amount  of  noncondensable  is  observed  and  corrected  for  the 
presence  of  condensable  gas.  The  volume  of  condensate  is  ob¬ 
served,  and  converted  to  gas  volume  through  the  known  densi¬ 
ties  of  the  two  phases.  From  the  volumes  of  condensable  and 
noncondensable,  the  percentage  of  noncondensable  is  calculated 
to  any  desired  basis. 

APPARATUS 

The  apparatus,  shown  in  Figures  1  .and  2,  is  of  glass,  with  a  rub¬ 
ber  tube  connection  from  A  to  a  mercury  leveling  bulb.  Tubes  A , 
C,  and  J  are  of  7-mm.  inside  diameter.  The  capillary  tubes  have 
about  2-mm.  bore.  Bulbs  F  and  E  have  volumes  of  about  0.5 
and  1.5  ml.,  respectively.  Tube  G  is  graduated  from  point  O  iD 
convenient  increments  of  volume,  depending  on  tube  diameter. 
The  first  graduations  below  0  are  on  the  capillary,  hence  corre¬ 
spond  to  very  small  increments  of  volume.  The  next  are  on  a 
6-mm.  tube,  and  the  next  on  a  12-mm.  tube,  which  is  the  main 
body  of  G.  At  the  bottom  of  G  is  a  short  4-mm.  capillary, 
graduated  at  2-mm.  intervals  to  the  mark  above  F.  The  total 
volume  of  G  is  7.5  ml.  The  dimensions  were  calculated  to  give 
the  maximum  accuracy  throughout  the  range  of  noncondensables 
expected.  This  calculation  is  based  on  the  range  of  noncon¬ 
densables  to  be  covered,  the  relative  densities  of  gas  and  liquid 
and  the  operating  temperature.  The  apparatus  was  accurately 
calibrated  by  the  use  of  mercury.  The  cold  zone  is  an  unsilvered 
1-liter  vacuum  flask,  filled  with  dimethoxytetraethylene  glycol, 
and  cooled  with  dry  ice  (2).  A  temperature  of  about  —31°  C. 
can  be  maintained  easily  for  long  periods  in  this  way.  The  flask 
can  be  lowered  readily  to  allow  the  apparatus  to  warm. 

A  scale  is  placed  behind  C,  for  reading  pressure,  and  the  height 
from  a  reference  point  on  the  scale  to  the  graduations  of  G  is 
known.  The  graduations  are  calibrated  for  height,  so  that  an 
observation  of  the  mercury  levels  in  C  and  G  can  be  reduced  to  a 
pressure  difference. 

MANIPULATION 

By  proper  manipulation  of  the  stopcocks,  with  the  leveling 
bulb  raised,  the  apparatus  is  filled  completely  with  mercury  up 
to  the  tip  of  tube  K,  and  up  tubes  C  and  J  to  points  about  20  cm. 
above  the  cocks.  Connection  is  then  made  at  K  to  the  source  of 
gas  to  be  analyzed,  and  cocks  B  and  H  are  turned  to  shut  off  the 
mercury  in  C  and  J,  but  to  allow  flow  from  K  through  to  the 
mercury  bulb.  The  mercury  bulb  is  then  lowered  slowly,  draw¬ 
ing  in  sample,  until  the  mercury  level  is  in  bulb  F.  The  vacuum 
flask,  at  the  low  temperature,  is  then  raised  to  surround  the 
apparatus,  and  condensation  begins.  During  condensation,  the 
mercury  level  is  adjusted  exactly  to  the  mark  at  the  bottom  of 
F  or  E,  B  is  shut  off,  and  condensation  continued  till  F  or  both 
bulbs  are  nearly  filled  with  liquid.  (This  choice  depends  on  the 
probable  amount  of  noncondensable  present,  the  larger  sample 
when  both  bulbs  are  used  permitting  more  accurate  measurement 
if  the  percentage  of  noncondensable  is  small.)  When  the  con¬ 
densed  liquid  nearly  reaches  the  mark  at  the  top  of  F,  cock  H  is 
turned  off,  and  then  turned  to  allow  mercury  to  run  down  from  J 
into  the  capillary  to  O,  thus  sealing  the  tube  and  driving  all  gas 
into  the  cold  zone.  (It  is  evident  that  the  mercury  height  in  J 
must  be  sufficient  to  overcome  the  pressure  in  the  apparatus.) 

The  apparatus  is  then  allowed  to  stand  for  several  minutes,  to 
allow  the  liquid  to  drain  into  F.  With  some  practice,  it  is  possible 
to  stop  the  flow,  so  that  this  draining  will  fill  the  bulb  almost  ex¬ 
actly  to  the  mark.  Any  excess  can  readily  be  estimated  by  the 
graduations  on  the  capillary  tube  above  F.  The  volume  of  con¬ 
densable  is  thus  measured  as  liquid,  and  its  temperature  esti¬ 
mated  from  that  in  the  bath.  The  mercury  bulb  is  then  raised 
above  B,  and  cock  B  turned  to  connect  A,  C,  and  D.  The  height 
of  mercury  in  C,  the  top  of  the  liquid  meniscus  in  G,  the  mercury 
level  in  G,  and  the  temperature  of  the  bath  are  observed.  By 
manipulation  of  the  pressure,  it  is  possible  to  adjust  the  liquid 
level  to  a  favorable  location  for  reading.  From  the  barometric 
pressure  and  the  mercury  levels,  corrected  for  a  small  head  of 
liquid  above  the  mercury  in  G,  the  total  pressure  on  the  gas  is 
known.  From  the  temperature  and  the  thermodynamic  tables 
of  the  liquid,  the  partial  pressure  of  the  liquid  is  known.  Hence 
the  partial  pressure  of  the  noncondensable  is  found,  and  this. 
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combined  with  its  volume  aud 
temperature,  leads  to  the  amount 
of  noncondensable,  expressible 
in  any  desired  way,  since  the 
amount  of  condensable  is  known. 

The  amount  of  condensable  in 
the  vapor  phase  can  be  cal¬ 
culated,  and  added  to  the 
volume  of  condensate,  but  this 
correction  is  negligible. 

To  empty  the  apparatus,  the 
mercury  from  J  is  slowly  drawn 
through  H  into  G,  then  H  is 
opened,  and  the  vacuum  flask 
is  removed.  As  the  liquid 
boils,  it  escapes  through  J.  A 
mercury  trap  at  the  top  of  J  is 
desirable. 

CHECK  RESULTS 

Some  commercial  material  of 
high  purity  was  analyzed  by  the 
method  just  described,  giving 
reproducible  results  in  the  range 
0.013  to  0.020%  noncondensa¬ 
ble.  To  this  material  was  added 
air  in  measured  proportions,  after 
which  the  mixture  was  analyzed 
as  described.  The  following  results  illustrate  the  reproducibility 
of  the  analyses  as  checked  by  the  author  in  his  work: 

%  Air  Added  %  Noncondensable  Found 

125  1.23 

1.52  1.46 

0.34  0.32 

1.16  1.13 

101  1.03 

0.62  0.64 

The  discrepancy  is  probably  due  as  much  to  the  uncertainties 
in  preparing  the  mixtures  as  to  the  analyses. 

A  source  of  error  lies  in  the  solubility  of  noncondensable  in  the 
condensate.  This  error,  of  course,  depends  on  the  system  under 
investigation,  and  in  some  systems  could  easily  be  excessive.  By 
keeping  the  partial  pressure  of  the  noncondensable  low,  the  error 
can  be  minimized.  In  the  measurements  cited,  the  temperature 
of  the  condensate  has  been  kept  about  1 0  below  its  normal  boiling 
point,  and  the  pressure  during  condensation  only  a  few  inches 
greater  than  atmospheric.  Hence  the  partial  pressure  of  the  gas 
is  not  more  than  7.5  or  10  cm.  (3  or  4  in.)  of  mercury.  The  tem¬ 
porary  increase  of  partial  pressure  to  about  25  or  30  cm.  (10  or 
12  inches)  when  the  volume  is  observed  probably  results  in  little 
increase  in  the  noncondensable  dissolved.  Condensation  near 
the  normal  boiling  point  is  probably  most  satisfactory,  since  with 
a  small  positive  pressure  in  the  apparatus  the  partial  pressure  of 
noncondensable  is  kept  small.  Furthermore,  the  vapor  pressure 
of  the  condensable  is  frequently  better  known  or  more  satis¬ 
factorily  estimated  near  the  normal  boiling  point.  If  the  non¬ 
condensable  data  are  to  be  used  at  temperatures  other  than  that 
of  the  analyses,  it  is  well  to  remember  that  “noncondensable”  is  a 
relative  term  and  what  is  noncondensable  at  one  temperature 
may  be  condensable  at  other  temperatures. 

If  water  is  present  in  quantity,  it  must  be  removed  before  tfie 
analysis,  or  the  tube  will  clog  with  frost.  It  is  advisable  to  keep 
a  slight  positive  pressure  in  the  apparatus  to  avoid  the  possibility 
of  leaks  inward.  There  is  some  tendency  for  dichlorodifluoro- 
•methane  to  leak  through  ordinary  stopcocks.  The  manipula¬ 
tions  described  were  planned  to  reduce  leakage  to  a  minimum,  by 
the  use  of  moderate  pressures,  and  by  separating  the  gas  and 
liquid  from  the  stopcocks  with  mercury  when  possible.  Re¬ 
peated  use  of  the  apparatus  tends  to  saturate  the  stopcock  lubri¬ 
cant  with  gas,  which  may  reduce  the  leakage.  In  the  range  of 
noncondensable  considered  here,  small  losses  of  condensable  are 
much  less  important  than  leakage,  either  inward  or  outward,  of 
noncondensable.  The  use  of  special  stopcocks  or  of  special  grease 
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might  reduce  the  leakage,  but  under  the  conditions  used  sucl 
refinements  appear  unnecessary. 

Sampling  of  a  gas  mixture  for  analysis  is  just  as  important  a 
the  analysis,  and  frequently  more  difficult  to  do  accurately.  I) 
this  special  case,  uniform  samples  were  available  of  suffieien 
quantity  for  an  analysis  (ca.  100  to  400  ml.).  Frequently,  how 
ever,  gas  of  uniform  composition  might  not  be  available,  or  migh 
be  available  only  in  very  small  quantity.  The  sampling  the: 
could  easily  be  a  real  problem,  especially  if  two  phases  wer 
present. 

GENERAL  APPLICATION 

The  apparatus  should  be  useful  with  a  wide  variety  of  gases 
especially  those  for  which  no  chemical  absorbents  are  available 
Other  temperatures  of  condensation  can  be  used.  Tube  C  can  b 
connected  at  point  A  to  cover  lower  pressures,  and  to  provide  fo 
the  simultaneous  measurement  of  gas  and  liquid  volumes.  Th 
addition  of  more  liquid  bulbs,  or  the  change  of  relative  volumes  o 
the  apparatus,  could  make  the  apparatus  cover  a  diflerent  rang 
of  noncondensable.  Provision  can  be  made  to  withdraw  an 
analyze  the  noncondensable.  This  has  not  been  done.  It  i 
necessary  to  know  the  liquid  density  and  vapor  pressure  of  th 
condensable  gas. 
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General  Motors  Spectrographic Conference 

A  series  of  spectrographic  conferences  has  been  initiated  by  th 
General  Motors  Corp.,  under  the  chairmanship  of  G.  M.  Rassweilei 
Research  Laboratories  Division,  to  develop  further  the  application 
of  these  analytical  tools.  Application  of  spectrochemical  analysis  ha 
expanded  so  rapidly  in  connection  with  war  production  problem 
that  24  General  Motors  plants  now  have  spectrographic  installation 
in  operation  or  on  order. 

Attended  only  by  General  Motors  men,  these  conferences  provid 
for  frank  and  critical  examination  of  methods  now  i»  use  or  content 
plated.  The  fundamental  physical  and  chemical  aspects  are  dh 
cussed,  together  with  closely  associated  problems  of  physics,  chem 
istry,  and  metallurgy. 

Five  conferences  have  already  been  held,  attended  by  from  40  to  6 
men.  Papers  have  been  presented  by  R.  E.  Nusbaum  and  D.  L.  Fr 
of  the  Research  Laboratories  Division,  S.  F.  Simpson  of  Chevrole 
W.  N.  Hatfield  of  Delco-Remy,  R.  W.  Smith  of  AC  Spark  Plug,  H.  E 
Grossman  of  Harrison  Radiator,  E.  Osborne  of  Buick,  F.  D.  Brool 
shire  and  W.  R.  O’Neill  of  Cadillac  Motor,  L.  A.  Danse  of  Standard 
Section,  and  R.  B.  Schenck  of  Buick.  Further  meetings  are  plannee 
as  well  as  such  other  activities  as  cooperative  preparation  of  stanc 
ards  and  extensive  study  of  methods  and  equipment. 

Fifteen-Year  Collective  Index 

Publication  of  the  fifteen-year  collective  index  to  the  Analytica 
Edition  of  Industrial  and  Engineering  Chemistry  is  noi 
scheduled  for  February  15,  1945,  and  a  domestic  prepublicatio 
price  of  $1.75  per  copy  has  been  set.  Domestic  price  after  publics 
tion  will  be  $2.25  per  copy.  Foreign,  10  cents  additional. 

This  index,  prepared  by  Charles  L.  Bernier,  associate  editor  c 
Chemical  Abstracts,  will  be  a  book  of  more  than  100  pages,  of  th 
same  size  as  regular  issues  of  the  Analytical  Edition.  In  prepai 
ing  the  index  the  style  of  Chemical  Abstracts  has  been  followec 
in  general,  with  modifications  to  make  it  more  adaptable  to  it 
special  uses.  All  articles  published  from  1929  through  1944  are  ir 
eluded.  This  index  has  been  built  from  scratch,  not  made  by  com 
bining  yearly  indexes.  The  indexing  is  uniform  and  harmonize 
throughout. 

Orders,  with  check  in  payment,  should  be  sent  with  the  card  ir 
serted  in  this  issue,  to  the  American  Chemical  Society,  1155  Sij 
teenth  St.,  N.W.,  Washington  6,  D.  C. 


Viscometric  Chain  Lensth  of  Wood  Cellulose 

in  Triton  F  Solution 

EDWIN  L.  LOVELL,  Central  Chemical  Laboratory,  Rayonier  Incorporated,  Shelton,  Wash. 


Use  of  aqueous  dimethyldibenzylammonium  hydroxide  (Triton  F) 
as  a  cellulose  solvent  (or  the  determination  of  average  chain 
length  by  the  viscometric  method,  in  dilute  solution,  is  suggested. 
A  suitable  experimental  technique  is  described  in  detail.  In¬ 
trinsic  viscosity  data  for  a  number  of  cotton  and  wood  celluloses 
in  Triton  F  are  compared  with  the  corresponding  degree  of  polymer¬ 
ization  values  obtained  viscometrically  after  nitration,  and  a  linear 
relationship  is  established.  The  results  are  compared  with  cupram- 
monium  viscosity  values,  as  used  in  the  wood  cellulose  industry. 

FOR  purposes  of  fundamental  research  on  cellulose  in  its 
various  forms  (linters,  wood  celluloses,  etc.)  the  need  for  a 
igood  cellulose  solvent,  giving  solutions  rather  stable  to  light  and 
air,  is  readily  evident. 

At  present  the  only  such  solvent  known  appears  to  be  an 
aqueous  solution  (about  35%)  of  the  strong  base  dimethyldi- 
benzylammonium  hydroxide,  commercially  available  in  experi¬ 
mental  quantities  as  Triton  F  (Rohm  and  Haas).  The  high 
solvent  power  of  this  basic  solution  has  been  conclusively  shown 
by  Clibbens  and  co-workers  (3),  who  measured  the  solubility  of 
'cottons  in  the  base  at  different  temperatures  and  concentrations. 
They  found  that  Triton  F  “permits  complete  dissolution  of  an 
'unmodified  cotton  at  20°  C.”.  This  has  been  substantiated  by 
other  workers.  Russell  and  co-workers  (12,  13)  have  made  a 
detailed  study  of  the  methods  of  dissolving  cellulose  in  this  sol¬ 
vent,  with  attention  to  time,  temperature,  concentration  of  the 
Triton  base,  and  mode  of  stirring  during  solution.  They  found 
that  at  25°  C.  there  exists  a  narrow  range  of  concentrations  in 
which  the  dissolving  power  is  maximum — namely,  1.96  ± 
0.01  N.  This  point  shifted  with  temperature,  moving  to  lower 
concentrations  at  lower  temperatures.  For  the  solution  of  cellu¬ 
loses  of  the  very  highest  viscosity,  base  concentrations  of  2.1 
to  2.25  N  gave  better  results.  Brownsett  and  Clibbens  (3)  give 
the  point  of  maximum  dissolving  power  as  1.95  N  at  20°  C., 
with  a  second  maximum  at  about  2.5  N.  Once  the  cellulose  solu¬ 
tion  has  been  formed,  it  is  no  longer  necessary  to  maintain  a  con¬ 
centration  of  base  as  high  as  that  required  to  effect  solution — 
for  example,  dilution  of  a  1%  solution  of  unmodified  cotton 
cellulose  to  one-half  concentration  is  possible  without  precipita¬ 
tion.  In  general,  precipitation  does  not  start  until  the  base  con¬ 
centration  is  reduced  below  0.5  N. 

Two  methods  of  efficiently  dissolving  cellulose  samples  in 
Triton  F  have  been  described.  In  one  (12),  the  cellulose-solvent 
mixture  is  mechanically  stirred  in  a  large  test  tube  with  a  heavy 
glass  rod  arranged  to  sweep  out  a  circular  path  as  close  as  possible 
to  the  test-tube  wall.  By  this  method,  about  2  to  3  hours  are  re¬ 
quired  to  form  a  1%  solution.  In  the  second  method  (10),  the 
cellulose  and  solvent  are  placed  in  an  all-glass  vial  containing  a 
glass  plunger,  and  rolled  for  about  18  hours. 

The  stability  of  Triton  F  cellulose  solutions  to  light  and  air  has 
been  established  (13)  by  comparing  the  viscosities  of  the  solutions 
when  prepared  under  nitrogen  with  the  viscosities  obtained  in 
the  presence  of  air  or  oxygen.  Such  demonstrations  of  the 
stability  of  this  alkaline  solution  of  cellulose  show  a  most  re¬ 
markable  contrast  to  the  well-known  behavior  (1)  of  cupram- 
monium  cellulose  solutions.  However,  Triton  F  cellulose  solu¬ 
tions  have  been  shown  (13)  to  be  subject  to  a  slow  viscosity  drop 
with  time,  the  effect  being  accelerated  by  a  rise  in  temperature, 
and  furthermore  being  proportionately  greater  for  higher  con¬ 
centrations  of  dissolved  cellulose.  This  aging  effect  has  not  been 
satisfactorily  explained. 


It  has  been  found  (12, 13)  that  the  specific  viscosities  of  Triton 
F  solutions  of  normal  and  degraded  cottons,  over  a  wide  range 
of  viscosities,  vary  in  an  approximately  linear  manner  with  the 
specific  viscosities  of  cuprammonium  solutions  at  the  same  cellu¬ 
lose  concentration  (0.5%).  This  led  to  the  suggestion  that 
Triton  F  should  be  substituted  for  cuprammonium  reagent  in 
commercial  practice,  in  view  of  the  greater  stability  of  its  solu¬ 
tions. 

Further  viscosity  data  provided  in  the  work  of  Brownsett  and 
Clibbens  (4)  show  especially  a  unique  feature  of  Triton  F  viscos¬ 
ity  values.  Comparison  of  the  viscosities  of  various  oxycellu- 
loses  measured  in  Triton  F  and  cuprammonium  reagent,  before 
and  after  a  weak  alkaline  treatment,  reveals  that  the  celluloses 
having  alkali-sensitive  linkages  (14)  are  not  fully  hydrolyzed  by 
cuprammonium  reagent,  whereas  Triton  F  is  a  strong  enough  base 
to  split  completely  all  such  points  of  latent  degradation.  In 
other  words,  viscosity  measurements  in  cuprammonium  give  a 
value  for  apparent  degradation,  whereas  in  Triton  F  both  appar¬ 
ent  and  latent  degradation  are  measured. 

All  these  interesting  and  advantageous  properties  of  Triton  F 
suggest  its  use  as  an  ideal  cellulose  solvent  for  viscometric  chain- 
length  determinations,  using  the  very  dilute  solutions  required 
for  such  a  purpose,  rather  than  the  relatively  concentrated  solu¬ 
tions  heretofore  reported  in  the  literature.  The  present  paper 
describes  in  some  detail  the  experimental  method  developed 
through  three  years  of  constant  use,  and  provides  a  mathematical 
constant  for  converting  the  measured  viscosity  values  into  terms 
of  average  chain  length,  which  may  be  used  for  either  cotton  or 
wood  cellulose. 

EXPERIMENTAL  METHODS 

Measurement  of  Viscosity.  All  the  viscosity  measure¬ 
ments  were  made  at  20.00°  ±  0.015°  C.  This  degree  of  accu¬ 
racy  of  temperature  control  is  considered  necessary  for  suitable 
accuracy  of  the  measurements  themselves  because  Triton  F  has 
a  high  viscosity  with  a  rather  large  temperature  coefficient. 

The  viscometer  used  (2)  was  constructed  according  to  the  de¬ 
tailed  specifications  contained  in  British  Standard  Method  No. 
188,  standard  U-tube  viscometer  No.  2.  It  was  held  firmly  in  a 
stout  rectangular  brass  frame,  which  fitted  into  a  frame-holder 
mounted  permanently  in  the  thermostat,  and  carefully  adjusted 
to  the  vertical.  The  meniscus  formed  by  the  solution  in  the  vis¬ 
cometer  was  observed  against  an  illuminated  white  background. 

To  permit  control  of  the  liquid  level  in  the  arms  of  the  vis¬ 
cometer,  a  U-shaped  attachment  to  the  open  ends  was  used.  This 
was  arranged  so  that  the  solution  could  be  pushed  up  into  one 
limb  by  a  slight  pressure  of  nitrogen,  which  pressure  could  be  in¬ 
stantaneously  released  by  turning  a  stopcock  connecting  the  two 
limbs.  In  addition  to  the  convenience  of  manipulation,  this 
arrangement  allowed  the  solution  to  be  kept  under  nitrogen  dur¬ 
ing  the  course  of  the  measurements. 

To  fill  the  viscometer,  the  solution  was  poured  into  a  25-ml. 
Erlenmeyer  suction  flask,  nitrogen  being  led  in  through  the  side 
arm.  The  gas  pressure  was  then  used  to  drive  the  solution 
through  a  small-bore  glass  tube  into  the  right  limb  of  the  instru¬ 
ment.  The  proper  volume  adjustment  was  made  with  a  fine 
pipet  after  20  minutes  or  more  in  the  thermostat. 

When  a  measurement  had  been  completed,  the  solution  (later 
to  be  recovered  according  to  a  recommended  procedure,  12)  was 
poured  from  the  viscometer  and  the  latter  washed  out  with  water, 
followed  by  chromic  acid  cleaning  solution.  When  again  to  be 
used,  the  viscometer  was  washed  with  water,  alcohol,  and  ether, 
and  dried  for  5  minutes  by  passing  a  slow  stream  of  filtered  nitro¬ 
gen  through  it. 

The  times  of  flow  were  measured  to  the  nearest  0.1  second,  for 
a  total  time  of  260  seconds  (solvent  alone)  to  about  300  seconds 
(cellulose  solutions).  Each  measurement  was  repeated  until  3  or 
4  consecutive  readings  were  obtained,  which  did  not  deviate  from 
one  another  by  more  than  ±0.1  second. 
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Pbeparation  of  the  Solutions.  The  most  convenient 
method  for  dissolving  cellulose  in  Triton  F,  at  the  very  low  con¬ 
centrations  required  for  chain-length  measurements,  has  been 
found  to  be  that  of  Mease  (10),  utilizing  a  glass-stoppered  bottle 
containing  a  glass  plunger  which  on  rotation  serves  to  break  up 
the  gels  sufficiently  so  that  solution  takes  place.  Thus  the  solu¬ 
tion  may  be  kept  under  nitrogen  at  all  times.  Furthermore,  in 
the  absence  of  any  stirring  device,  accurate  weighing  of  the  solu¬ 
tion  is  facilitated. 

In  these  experiments,  the  dissolving  vials  used  had  a  capacity 
of  about  11  grams  of  Triton  F  cellulose  solution,  which  is  a  little 
more  than  is  necessary  to  fill  the  viscometer.  The  ground  stop¬ 
pers  were  of  interchangeable  standard  taper  f  19/17.  For  roll¬ 
ing,  each  vial  was  fixed  into  a  wide-mouthed  container  of  suitable 
size.  This  container  and  contents  were  placed  on  rollers  ad¬ 
justed  to  make  about  1  turn  in  every  10  seconds.  Overnight  or 
about  17  hours’  rolling  at  25°  to  30°  C.  was  necessary  safely  to 
complete  solution  of  wood  cellulose  at  the  concentrations  used. 

Concentration  of  the  Solutions.  To  obtain  an  accurate 
measure  of  the  concentration  of  cellulose  in  solution,  the  following 
procedure  has  been  convenient:  The  mixing  vial,  complete  with 
plunger,  was  weighed  (about  40  grams).  About  5  mg.  of  cellulose 
were  added,  and  weighed  accurately  in  the  vial  to  the  nearest 
0.05  mg.  After  being  washed  out  well  with  nitrogen,  the  vial  was 
filled  with  Triton  F,  so  that  only  a  small  bubble  of  nitrogen  re¬ 
mained  on  top  after  the  stopper  was  inserted.  After  rolling,  the 
vial  and  contents  were  weighed,  and  the  volume  concentration 
(grams  per  100  ml.  of  solution)  was  calculated  from  the  pre¬ 
viously  determined  density  of  the  solvent. 

The  problem  of  obtaining  a  representative  sample  when  using 
such  a  very  small  quantity  of  fiber  is  of  importance.  There  are  in 
existence  methods  ( 8 )  for  thoroughly  mixing  fibrous  materials 
such  as  wood  cellulose.  In  the  experiments  recorded  here  the 
samples  were  obtained  from  regular  pulp  sheets  by  thoroughly 
dispersing  portions  of  several  grams  in  water,  filtering  on  a  sin- 
tered-glass  funnel,  and  drying  from  organic  solvents  at  room  tem¬ 
perature.  The  resulting  fluffy  mats  were  sampled  at  random 
after  thorough  conditioning  (about  5%  moisture). 

Matehials.  The  wood  celluloses  used  in  these  experiments 
comprised  both  commercial  bleached  sulfite  wood  pulps  and  ex¬ 
perimental  samples.  The  standard  celluloses  were  prepared 
according  to  the  ACS  method.  The  very  highest  viscosity 
samples  of  pure  cellulose  used  were  obtained  by  treating  un¬ 
bleached  long-fibered  cotton  with  dilute  chlorous  acid  (pH  4)  at 
65°  C.  for  2  hours,  washing,  extracting  with  alcohol-benzene,  al¬ 
cohol,  and  ether,  drying  in  vacuo  at  room  temperature,  and 
finally  conditioning  in  air.  Hemlock  holocellulose  was  prepared 
from  thin  wood  sections  (40  n)  by  successively  chlorinating  in  an 
evacuated  container  and  extracting  with  hot  4%  monoethanol- 
amine  in  95%  ethanol;  this  sample  was  also  dried  from  solvents 
at  room  temperature,  using  the  sequence  alcohol-ether-benzene. 

Triton  F  solution  was  obtained  through  the  courtesy  of  Rohm 
and  Haas,  and  was  used  as  received  except  for  a  preliminary 
filtration  (sintered-glass  filter)  and  partial  evaporation  in  vacuo 
to  an  apparent  strength  of  2.10  N,  and  density  1.086  (20°  C.). 
The  characteristics  of  the  solution  did  not  appear  to  change  more 
than  slightly  over  a  period  of  two  years. 

Viscosity  AND  CHAIN  LENGTH 

In  order  to  compare  different  cellulose  samples  with  one  an¬ 
other  from  the  point  of  view  of  their  average  chain  lengths,  by 
using  viscosity  measurements  in  dilute  solution,  it  is  necessary 
to  know  the  form  of  the  mathematical  function  relating  the  chain 
length  to  the  viscosity.  In  practice,  it  is  also  necessary  to  know 
the  effect  of  concentration  of  the  cellulose  in  solution  on  the 
measured  viscosity.  Both  functions  will  depend  upon  the  nature 
of  the  solvent  used  (5). 


Table  1.  Effect  of  Cellulose 

Concentration  on  Intrinsic  Viscosity  in 
Triton  F 

10<  c, 

io,CTr) 

Material 

Grams  per  100  Ml. 

standard  cellulose  from  linters 

414 

1584 

538 

1555 

664 

1543 

939 

1561 

1024 

1549 

Acetylation  linters 

271 

2015 

494 

2060 

1010 

2077 

Linters  for  viscose  rayon 

347 

1463 

560 

1466 

Figure  1 .  Effect  of  Average  Degree  of  Polymerization  of  Cotton 
and  Wood  Celluloses  on  the  Intrinsic  Viscosity  in  Triton  F 


If  different  wood  celluloses  are  to  be  compared  directly,  without  i 
fractionation  into  smaller  parts  of  more  uniform  chain-length,  it  j 
must  be  accepted  that  the  chain-length  values  being  used  are 
averages  of  a  special  kind,  and  not  necessarily  the  same  average 
for  different  solvents.  Nevertheless,  this  fact  does  not  detract 
from  the  usefulness  of  the  average  values  found  in  a  given  solvent 
such  as  Triton  F. 

Huggins  (5)  has  recently  pointed  out  the  general  applicability 
of  the  following  equation  relating  the  viscosity  of  high-polymer 
solutions  to  the  chain  length. 

M  =  k  Cm y 

Here  fa  ]  is  the  intrinsic  viscosity,  defined  by  the  relation 


the  relative  viscosity,  i?r,  being  the  ratio  of  the  viscosity  of  the 
solution  of  concentration  C  (grams  per  100  ml.  of  solution)  to 
that  of  the  pure  solvent.  For  nonhomogeneous  samples,  l~M 
is  the  “viscosity-average”  molecular  weight,  which  normally  is 
much  higher  than  the  “number-average”  molecular  weight  ob¬ 
tained  by  osmotic  pressure  methods.  The  power  v  has  some 
value  between  zero  and  2,  depending  on  the  solute-solvent  sys¬ 
tem. 

In  the  simplest  case,  v  is  unity,  and  the  equation  may  be 
written  in  the  familiar  form  of  Staudinger’s  rule  used  by  Kraemer 
and  his  colleagues  (6) : 

D.P.  =  fch) 

It  will  be  shown  that  this  equation  fits  the  available  data  for 
celluloses  from  wood  and  from  cotton,  within  the  experimental 
error. 

In  making  numerous  determinations  of  solution  viscosities  ol 
different  samples  it  is  often  customary  to  choose  some  small  con¬ 
centration  range  in  which  to  work,  and  then  use  one  of  the  avail¬ 
able  methods  to  obtain  [77  ]  (at  zero  concentration)  from  the  ac¬ 
tually  measured  values  b]c  (measured  at  a  finite  concentration, 
O).  In  the  case  of  most  wood  celluloses,  however,  it  appears  that 
in  the  concentration  range  0.3  to  0.5  mg.  per  ml.,  which  it  is  con¬ 
venient  to  use,  the  value  of  [77  ]c  remains  substantially  constant 
(Table  I),  and  within  the  experimental  error  may  be  used  in  place 

of  [77]. 

In  order  to  compare  the  Triton  F  viscosities  with  actual  mean 
chain  lengths  of  the  celluloses  used,  the  required  degrees  of  poly¬ 
merization  have  been  obtained  by  the  widely  used  nitration 
method  ( 1 ),  in  which  the  trinitrate  of  cellulose  is  formed  undei 
completely  anhydrous  conditions  and  the  resulting  nitrate  vis¬ 
cosity  measured  in  an  organic  solvent;  this  has  been  the  method 
used  for  determining  k  (7)  for  the  system  cellulose-Triton  F. 

Certain  limitations  of  this  comparison  must  be  kept  in  mind 
The  solution  of  cellulose  in  Triton  F  takes  place  in  an  aqueous 
alkaline  medium,  whereas  the  nitration  takes  place  in  an  anhy 
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drous  acid.  Hence  it  is  obvious  from  what  has  already  been  said 
regarding  the  effect  of  Triton  F  on  points  of  “latent”  degradation 
in  cellulose,  that  processed  celluloses  that  have  been  subjected  to 
varying  degrees  of  oxidative  purification  treatments  may  be  ex¬ 
pected  to  show  some  differences  between  acid  and  alkaline  vis¬ 
cometric  chain  lengths.  No  doubt  this  accounts  for  at  least  a 
part  of  the  variability  of  the  experimental  points  on  the  fo  ]- 
D.P.  curve  (Figure  1).  However,  the  fact  that  processed  long- 
fibered  cottons  and  purified  linters  fit  so  well  into  the  series  of 
wood  celluloses  would  seem  to  indicate  that  the  divergency  from 
this  cause  is  not  at  all  serious  here.  Cellulose  nitrate  degree  of 
polymerization  values  are  used  in  the  first  place  because  they  are 
possibly  the  most  widely  used  and  fully  investigated  values  at 
present  available. 

These  results  lead  to  the  following  relationship: 

D.P.  =  618 

C  >  0.03  gram  per  100  cc.  of  solution 
Triton  F  2.10  N 
Temperature  20.0°  C. 

DISCUSSION  OF  RESULTS 

The  advantages  of  Triton  F  solution  as  a  cellulose  solvent,  al¬ 
ready  discussed,  are  further  emphasized  by  experience  with  the 
method  in  this  laboratory.  Without  the  extreme  precautions 
properly  required  in  using  cuprammonium  solutions  (1),  and 
without  the  otherwise  inconvenient  necessity  of  carrying  out  a 
special  nitration,  a  large  number  and  variety  of  cellulosic  sam¬ 
ples — largely  wood  celluloses  of  an  experimental  nature — have 
been  examined  and  compared  as  to  average  chain  length,  with 
results  that  have  always  been  consistent  and  reproducible. 

Quaternary  ammonium  bases  are  supposed  by  Lieser  (9)  to 
disperse  cellulose  to  single  molecules  in  solution.  The  present 
viscosity  results  now  provide  further  indirect  evidence  to  support 
this  view,  as  the  constant  relationship  between  the  trinitrate 
and  quaternary  base  viscosities  over  a  range  of  chain  lengths 
(Figure  1)  seems  inconsistent  with  the  view  that  micellar  par¬ 
ticles  exist  to  any  great  extent  in  the  alkaline  solutions.  Viewed 
in  the  darkfield  microscope,  the  solutions  of  0.1%  concentration 
appeared  completely  free  of  any  larger  undissolved  particles  such 
as  gels. 

An  important  source  of  difficulty  found  by  previous  users  of 
Triton  F  ( 13 )  has  been  the  “aging”  effect,  whereby  the  solutions 
of  cellulose  gradually  drop  in  viscosity  with  time.  The  source 
of  this  effect  has  never  been  definitely  ascertained.  However,  in 
the  case  of  the  very  dilute  solutions  used  in  the  present  experi¬ 
ments,  the  aging  effect  does  not  appear  to  be  appreciable.  This 
has  been  shown  by  the  constancy  of  results  that  has  been  obtained 
when  using  different  rolling  times,  no  drift  being  evident  even  up 
to  48  horns.  Furthermore,  the  solution  kept  in  the  viscometer 
for  a  day  or  more  showed  no  change  in  viscosit y.  Thus  aging 
seems  to  be  a  characteristic  of  Triton  F  cellulose  solutions  that 
are  moderately  or  highly  concentrated. 

The  effect  of  the  concentration  of  quaternary  ammonium  base 
on  the  specific  viscosity  of  the  cellulose  dissolved  in  it  has  not 
been  examined.  According  to  Russell  and  Hood  ( 12 )  the  specific 
viscosity  falls  with  increasing  normality  of  base.  The  viscosity 
of  the  aqueous  base  itself  changes  very  rapidly  with  concentra¬ 
tion  in  solutions  strong  enough  to  be  used  as  cellulose  solvents. 

The  technique  of  viscosity  measurement  described  is  not  such 
as  readily  lends  itself  to  large-scale  commercial  control  practice 
in  a  pulp  mill,  as  preparing  and  weighing  the  small  sample  used 
requires  a  rather  high  degree  of  precision.  As  a  research  tool  in 
the  field  of  cellulose  chemistry  it  would  appear  to  have  worth¬ 
while  advantages.  However,  the  method  could  possibly  be  used 
to  advantage  as  a  supplement  to  routine  control  practice. 

Thus,  in  technical  control  work  the  customary  concentrations 
of  wood  pulp  used  run  from  1  to  5%  in  the  cuprammonium  re¬ 


agent.  However,  it  is  well  known  that  these  viscosities  have  no 
real  meaning  in  terms  of  average  chain  length,  particularly  in  the 
case  of  high-viscosity  pulps,  since  what  is  being  measured  is  a 
“structural  viscosity”  (11)  dependent  to  a  high  degree  upon  many 
extraneous  factors.  (The  data  of  Table  II  offer  an  illustration 
of  this.)  In  fact,  the  cuprammonium  viscosity  as  ordinarily  ob¬ 
tained  can  only  be  regarded  as  a  cellulose  quality  factor,  reflect¬ 
ing  average  chain  length  to  some  extent  but  reflecting  also  to  an 
inordinate  degree  such  factors  as  the  chain-length  distribution 
in  the  «-eellulose  fraction,  the  nature  of  any  retained  hemicellu- 
loses,  and  even  the  presence  of  inorganic  contaminants.  In 
dilute  solution  the  effect  of  any  of  these  factors  is  relatively  small 
or  nonexistent,  the  controlling  variable  being  the  weight  or  vis- 
cometric-average  chain  length. 

It  seems  apparent  therefore  that  the  determination  of  Triton  F 
viscosities  in  dilute  solution,  leading  to  a  value  of  the  average 
chain  length,  offers  definite  advantages  for  mill  control  practice 
as  an  occasional  check  on  the  routine  cuprammonium  viscosity 
values,  especially  when  as  sometimes  happens,  these  seem  to  vary 
in  an  unexpected  manner.  The  knowledge  that  the  degree  of 
polymerization  of  a  pulp  is,  or  is  not,  abnormal  should  prove  most 
helpful  in  such  cases,  in  view  of  the  many  other  variables  affect¬ 
ing  the  cuprammonium  value. 


Table  II.  Comparison  of  Triton  F  and  Nitrate  Viscosities  of  Wood 
and  Cotton  Celluloses 

Triton  F 


Cuprammonium  mi 

/log  !)r\ 

Nitrate 

Cellulose  Sample 

Viscosity,  Cp. 

\  C  / 

D.p.« 

No.  1  wood  cellulose 

1.43 

850 

500 

No.  2  wood  cellulose 

1.93 

850 

570 

Std.  cellulose  from  linters 

2.10 

1170 

710 

No,  3  wood  cellulose 

4.08 

1278 

790 

No.  4  wood  cellulose 

15.2 

1340 

860 

Linters  A 

3.72 

1460 

920 

Linters  B 

4.59 

1582 

980 

Linters  C 

11.4 

2119 

1300 

Purified  cellulose  from  cotton 

a  Determined  in  0.05%  ethyl  acetate  solution  (D.P.  = 

3000 

=  270  [,)). 

1876 

Table  III.  D.P.  Values  Obtained  in  Triton  F  Solution  for  Typical 
Cellulose  Samples 


.Rayon-grade  bleached  sulfite  pulps  500-800 

99%  a -cellulose  bleached  sulfite  pulp  1135 

High-viscosity  sulfite  pulp  1460 

Long-fibered  cotton,  bleached  1580 

Holocellulose,  from  western  hemlock,  after  weak  alkaline 

extraction  at  room  temperature  1640 
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Water  Vap  or  Permeability  of  Organic  Films 
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Department  of  Chemistry,  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 


An  apparatus  for  a  rapid,  precise,  and  reproducible  determination  of 
water  vapor  permeability  is  described.  It  seems  that  two  factors, 
diffusion  velocity  and  solubility,  together  determine  the  vapor  per¬ 
meability  of  a  film.  Both  can  be  derived  from  the  measurements. 
Equations  based  on  the  validity  of  Fick's  law  are  tested  with  com¬ 
mercial  films  of  low  permeability.  The  dependence  of  permeability 
on  thickness,  vapor  pressure,  and  temperature  is  studied.  On  the 
basis  of  measurements  of  a  number  of  films  a  discussion  of  the  process 
of  permeation  is  presented. 


(3) 


where  D  is  the  diffusion  constant. 
Using  Henry’s  law 


c  =  Sp  (4) 

to  express  the  concentration  in  terms  of  the  pressure  Equation  3 
becomes  for  a  film  of  thickness,  l,  in  a  state  of  steady  flow 


P'  =  DS  =  DS^ 

i  i 


(5) 


A  MOST  important  determining  factor  in  the  selection  of  an 
apparatus  with  which  to  measure  water  vapor  permeability 
is  the  amount  of  water  that  will  pass  through  a  film  of  convenient 
size  and  thickness  in  a  relatively  short  time.  For  recently  de¬ 
veloped  films  that  have  very  low  water  vapor  permeability  as 
compared  with  previous  commercial  samples,  about  10-6  to  10~7 
gram  of  water  will  pass  through  a  film  with  an  area  of  about  25 
sq.  cm.  in  about  an  hour  under  a  pressure  gradient  of  about  20 
mm.  A  good  MacLeod  gage  can  be  adapted  to  measure  quanti¬ 
ties  of  this  magnitude  with  a  precision  between  5  and  10%.  An 
apparatus  based  on  these  considerations  is  described  below.  In 
addition  to  furnishing  a  rapid  and  reproducible  absolute  measure 
of  the  permeability  of  films,  it  is  also  possible  to  obtain  from  the 
same  measurement  the  values  of  two  constants  which  together 
determine  the  amount  of  water  transported  through  the  film 
under  given  conditions. 

In  most  cases,  as  long  as  mechanical  injuries  do  not  cause 
breaks  in  the  film,  the  transmission  of  water  vapor  can  be  repre¬ 
sented  as  a  process  of  activated  diffusion  which  has  been  treated 
by  Daynes  (6)  and  Barrer  {1,2). 


THEORY  OF  PERMEABILITY 

Units.  The  amount  of  water  vapor,  Q,  which  will  pass  through 
a  given  film  at  a  given  temperature  depends  upon  the  area,  a, 
the  thickness,  l,  the  vapor  pressure  difference,  A  p,  and  the  time, 
t,  according  to  the  following  steady  state  equation  {1,2): 


Q  =  PjtAp 


(1) 


P,  the  proportionality  factor,  is  termed  the  permeability  con¬ 
stant  and  characterizes  the  resistance  to  water  vapor  transmis¬ 
sion  for  the  material  under  consideration.  The  dependence  of  Q 
upon  the  area  and  the  time  as  expressed  in  Equation  1  is  unques¬ 
tionable.  The  validity  of  the  linear  dependence  of  pressure  and 
the  inverse  linear  dependence  of  thickness  are  discussed  below. 

For  our  purposes,  we  define  the  permeability  constant  as  the 
cubic  centimeters  of  gas  at  standard  temperature  and  pressure 
passing  per  second  through  a  membrane  1  sq.  cm.  in  area  and  1  mm. 
thick  when  the  pressure  difference  is  1  cm.  of  mercury.  Thus 
Equation  1  becomes  the  defining  equation,  giving  P  the  fol¬ 
lowing  units1: 


(cc.  of  gas) 


mm. 

(cm.  Hg)  sq.  cm.  sec. 


(2) 


Thus  the  value  of  P  will  rate  the  film  material  relative  to 
others  for  water  vapor  transmission  and  will  also  provide  data 
necessary  to  calculate  the  amount  of  water  that  will  pass  through 
the  film  in  a  given  time  if  the  other  constants  in  Equation  2  are 
known. 

Fick’s  law  (compare  1)  states  that  the  rate  of  transmission  per 
unit  area  of  a  gas  through  a  solid  in  the  direction  of  the  concen¬ 
tration  gradient  of  the  gas  dc/dz  is  given  by 


1  It  seems  to  the  authors  that  Barrer  has  misplaced  the  mm.  unit  in  this 
definition  (I,  2). 


The  diffusion  constant,  D,  is  the  cubic  centimeters  of  gas  at 
S.T.P.  passing  per  second  through  a  centimeter  cube  of  the  ma¬ 
terial  when  there  is  a  unit  concentration  gradient  across  the 
cube.  We  define  S,  the  solubility  coefficient  in  Henry’s  law,  as 
the  cubic  centimeters  of  gas  that  will  dissolve  ideally  in  1  cc.  of 
film  material  when  the  pressure  of  the  gas  is  1  cm.  of  mercury. 
Thus  S  has  dimensions  of  cc.  of  gas  per  cc.  of  film  material  per 
cm.  of  mercury.  Since  P',  the  permeation  rate  constant,  has 
units  of  cc.  of  gas  per  second  per  sq.  cm.,  the  permeability  con¬ 
stant,  P,  differs  from  the  permeation  rate  constant,  P\  by  a  fac¬ 
tor  1/  Ap. 

In  Equation  2  l  was  measured  in  millimeters;  in  Equation  5 
in  centimeters ;  consequently,  a  factor  10  must  be  included  to  cor¬ 
rect  for  this.  That  is, 


P  =  10  P’  — 

Ap 

(6) 

Substituting  Equation  5  for  P'  gives 

P  =  10  DS 

(7) 

which  relates  the  constants  defined  above. 


Consequently,  the  permeability  of  a  film  can  be  broken  down 
into  two  contributing  factors,  the  diffusion  constant  and  the 
solubility  coefficient.  The  first  quantity  measures  the  probabil¬ 
ity  that  each  individual  gas  molecule  will  move  in  the  direction 
of  the  concentration  gradient,  the  latter  is  a  measure  of  the  num¬ 
ber  of  the  gas  molecules  per  unit  volume  which  contribute  to  this 
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Figure  1.  Permeability  Cell 
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concentration  gradient.  The  solubility  coefficient  does  not  in¬ 
clude  the  water  molecules  that  are  sorbed  but  only  those  that  are 
ideally  dissolved  and  consequently  this  may  or  may  not  approxi¬ 
mate  the  actual  equilibrium  solubility. 


APPARATUS  AND  MEASUREMENTS 

Diffusion  Cell.  A  detailed  diagram  of  the  diffusion  cell  {13) 
is  shown  in  Figure  1.  The  cell  is  made  from  brass  with  all  per¬ 
manent  joints  silver-soldered.  The  enlarged  ends,  A,  provide  for 
sealing  in  glass  tubing  with  Picein  or  deKhotinsky  cement.  A 
more  permanent  metal-glass  joint  is  not  used  because  the  seal  is 
occasionally  broken  while  opening  or  sealing  the  cell.  With  a 
Picein  joint  a  short  heating  will  reseal  the  joint,  whereas  a  copper- 
glass  joint  must  usually  be  entirely  replaced.  (A  similar  cell  made 
from  Pyrex  glass  has  recently  been  put  into  operation  success- 
fully.) 

In  the  cell,  B,  rubber  jar  rings  are  used  for  gaskets  without  lu¬ 
brication.  They  may  be  sealed  to  the  brass  plates  with  rubber 
cement  above  and  below  B  in  Figure  1.  Copper  gauze  is  laid 
under  the  film  for  even  support.  . 

The  cap,  C,  is  screwed  upward  to  seal  the  membrane  tightly  in 
the  cell.  Ball  bearings,  D,  are  used  between  the  cap  and  the  cell. 
It  is  best  to  have  these  in  a  groove  with  a  spacer.  The  union  is 
fitted  with  a  washer  cut  from  gasket  rubber — i.e.,  rubber  with 
wire  screening  embedded  in  it.  Both  the  union  and  cell  need  only 
be  tightened  with  moderate  force  to  secure  high-vacuum-tight 

Vacuum  System.  The  cell  is  mounted  in  a  vacuum  system  as 
shown  in  Figure  2.  It  is  essential  to  have  a  high-quality  MacLeod 
gage.  Water  vapor  pressure  can  reliably  be  measured  with  the 
MacLeod  gage  in  the  following  manner:  Surround  the  capillary 
with  a  water  jacket  as  shown  in  Figure  2.  To  make  a  reading 
allow  the  mercury  to  rise  above  the  cutoff  point.  With  a  cool 
flame  heat  the  bulb  and  the  water  jacket,  then  allow  the  mercury 
to  rise  slowly  until  the  mercury  in  capillary  F  is  opposite  the  top 
of  capillary  G.  The  pressure  at  0°  C.  (which  is  used  in  the  calcu¬ 
lations)  is  given  by 

P  .  ch* 

^  _  L  273  +  T 

where  G  is  the  MacLeod  gage  constant,  h  is  the  distance  in  milli¬ 
meters  from  the  top  of  capillary  G  to  the  mercury  column,  and  1 
is  the  temperature  of  the  water  in  the  water  jacket,  C.  1  must  be 
high  enough  so  that  the  vapor  pressure  at  temperature  1  is 

greater  than  h.  .  ,IT  „ 

All  stopcocks  are  high-vacuum  type  using  Apiezon  Lj  as 
lubricant.  When  stopcocks  H  and  J  are  closed,  a  vacuum  of  10 
mm.  should  be  obtained.  When  they  are  opened  to  the  newly 
mounted  cell  the  pressure  will  read  about  5  X  10  4  mm.  it  there 
are  no  leaks.  Pumping  for  several  hours  with  the  thermostat  at 


about  70°  is  necessary  to  reduce  the  outgassing  of  the  metal  to 
such  a  degree  that  with  pumping  a  vacuum  of  10  ‘  mm.  is 
obtained.  . 

The  volume  of  the  system  into  which  the  water  vapor  diffuses 
must  be  measured.  This  volume,  which  should  be  about  4  liters, 
is  conveniently  obtained  by  means  of  an  auxiliary  bulb  of  known 
volume  connected  to  the  system  by  means  of  a  stopcock. 

The  water  in  flask  M  is  frozen  and  evacuated  several  times  to 
remove  air.  The  apparatus  is  now  ready  for  use. 

Method  of  Measurement.  Stopcocks  H  and  J  are  closed; 
the  cell  is  opened  by  unscrewing  the  cap,  C,  and  the  union.  The 
film  is  put  in  place  and  the  cell  and  union  are  screwed  shut 
tightly.  Now  stopcock  K  is  opened  to  prevent  unequal  pressure 
on  the  film  when  H  and  J  are  opened.  With  the  pumps 
going  and  L  open,  H  and  J  are  opened.  Pumping  is  continued 
until  pressure  is  0.01  to  0.03  micron  (about  half  an  hour).  After 
this  time,  a  blank  is  usually  run — that  is,  stopcocks  H,  K,  and  L 
are  closed  and  the  pressure  is  measured  at  5-minute  intervals  for 
four  or  five  measurements.  This  pressure-time  plot  should  give  a 
straight  line.  Then  H  is  opened  for  a  short  time  while  the  tem¬ 
perature  of  the  water  in  M  is  adjusted  to  give  the  vapor  pressure 
of  water  that  is  desired.  To  begin  the  measurement  L  and  H  are 
closed  and  N  is  opened.  The  pressure  is  then  measured  as  de¬ 
scribed  above  every  few  minutes.  Measurements  are  continued 
until  the  data  give  a  straight  pressure-time  plot. 

Method  of  Calculation.  The  pressure  increase  during  the 
run  must  be  corrected  by  subtracting  from  it  the  pressure  increase 
measured  as  the  blank.  When  the  corrected  pressure  is  plotted 
versus  the  time  a  graph  similar  to  Figure  3  is  obtained.  The  per¬ 
meability  constant,  as  defined  above,  is  obtained  by  using  meas¬ 
urements  from  the  graph  in  the  formula: 

P  =  [p(mm.)  ^  (8) 

where  p(mm.)  is  the  pressure  in  millimeters  of  some  arbitrarily 
chosen  point  near  the  end  of  the  plot.  V  is  the  volume  in  cubic 
centimeters  into  which  the  gas  expands  after  diffusing.  I  is  the 
thickness  in  millimeters  and  a  is  the  area  in  square  centimeters. 
A p  is  the  pressure  of  water  vapor  and  T  is  the  portion  of  the  time 
axis  as  shown. 

The  diffusion  constant,  D,  is  obtained  from 


which  is  according  to  Barrer  ( 1 )  the  solution  of  the  general  Fick  s 
law  equation  under  the  existing  boundary  conditions.  I  is  m 
centimeters  and  L  is  the  time  intercept  in  seconds. 

The  solubility  coefficient  is  obtained  from  Equation  7. 

Effect  of  Holes.  If  there  are  capillary  holes  in  the  film  which 
contribute  to  its  over-all  permeability,  some  water  will  be  trans¬ 
mitted  immediately.  Thus,  the  pressure  versus  time  plot  will 
not  have  an  induction  period  where  there  is  no  rise  of  pressure,  but 
rather  the  plot  will  leave  the  origin  in  a  straight  line  at  an  angle 


Table  I.  Water  Vapor  Permeability  of  Film  Materials* 


Film  Material 

Cellophane  (TAPPI  standard 
sample) 

Cellophane,  specially  coated 
0.1-mil  coating 
0.4-mil  coating 
Koroseal  (see  Table  II) 

Av.  value 
Nylon  I 

II 

III 

IV 

Pliofilm  (TAPPI  standard 
sample) 

Polythene 
Saran  (a) 

Saran  (b)  (three  measurements) 
Vinylite  I,  calendered 
Vinylite  II,  cast 
Waxed  glassine 
3-Ply  glassine 
Ethylcell  ulose 

a  Measurements  made  at  25° 
85%  relative  humidity). 


P  X  10* 

D  X  10» 

S 

Thickness 

Mm. 

4.7 

0.39 

1.2 

0.035 

5.4 

0.051 

10.6 

0.031 

0.25 

0.36 

0.070 

0.036 

5.6 

0.39 

1.8 

0.021 

0.175 

3.7 

0.20 

1.8 

0.045 

260 

1.1 

24 

0.034 

6.0 

0.28 

2.1 

0.022 

14.2 

0.25 

5.5 

0.051 

1.3 

0.15 

0.88 

0.082 

2.1 

0.48 

0.44 

0.041 

0.070 

0.125 

0.06 

0.026 

0.135 

0.11' 

0.13 

0.026 

470 

2.3 

20.5  ‘ 

0.102 

37 

20 

0.19 

0.107 

0.45 

0.54 

0.083 

0.045 

1.2 

1.2 

0.10 

0.083 

510 

19.3 

2.6 

0.505 

C.  and  20-mm.  vapor  pressure  (77°  F.  and 
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to  the  time  coordinate.  In  other  words,  there  will  be  super¬ 
imposed  upon  the  ordinary  graph  (Figure  3)  a  straight  line  through 
the  origin.  The  amount  of  permeation  due  to  pin  holes  can  be 
estimated  from  this. 


RESULTS 

A  number  of  results  that  have  been  obtained  are  presented  in 
Table  I.  These  results  apply  only  to  the  actual  films  measured. 
There  is  such  a  variation  in  the  permeability  of  commercial  films 
of  the  same  trade  name  that  it  would  be  incorrect  to  attach  to  any 
class  of  films  the  specific  value  recorded  below,  which  is  based  on 
the  measurement  of  only  a  few  film  samples.  All  measurements 
were  made  at  25°  C.  Roman  numerals  designate  film  materials 
of  different  composition  but  same  commercial  name.  Letters 
refer  to  different  measurements  on  a  different  portion  of  the  same 
film  sample. 


Table  II.  Effect  of  Thickness  on  Permeability  Constant 


Thickness,  Microns  P  x  10* 

Korosea! 

21  7.4 

34.5  6.9 

47  4.6 

99  6.4 

134  4.5 

150  4.1 

Polythene  (Cast) 

58  2.38 

105  2.46 

163  2 . 40 


DEPENDENCE  OF  PERMEABILITY  ON  THICKNESS 

Equations  1  and  2  state  that  the  permeability  is  inversely  pro¬ 
portional  to  thickness  and  that  the  permeability  constant  is  inde¬ 
pendent  of  thickness.  This  is  not  true  for  films  containing  hydro¬ 
philic  material — e.g.,  natural  rubber  {16) — or  for  films  made  from 
materials  that  sorb  much  water — e.g.,  cellulose. 

On  the  other  hand,  numerous  cases  have  been  recorded  where 
Equations  1  and  2  are  valid  {3,  4,  6,  9, 14, 15,  16). 

The  authors  have  extensively  studied  a  series  of  samples  of  dif¬ 
ferent  thicknesses  made  in  an  identical  manner  from  the  same  ma¬ 
terial,  furnished  through  the  courtesy  of  the  B.  F.  Goodrich  Com¬ 
pany.  Table  II  shows  the  results  of  repeated  determinations  of 
the  permeability  constants  of  this  film  in  different  thicknesses. 

These  values  of  P  could  be  checked  within  0.5  unit;  conse¬ 
quently,  the  fluctuations  of  P  were  not  due  to  fluctuations  in 
measurements  but  rather  to  actual  differences  in  the  films.  How¬ 
ever,  over  a  sevenfold  range  in  thickness  the  permeability  con¬ 
stant  showed  no  significant  trend.  The  necessity  of  using  many 
samples  of  different  thicknesses  in  this  type  of  study  should  be 
appreciated,  for  different  conclusions  could  have  been  drawn  if 
only  two  of  the  above  samples  had  been  measured.  A  similar 
study  on  films  prepared  from  cast  polythene  showed  no  change  of 
permeability  constant  over  the  thickness  range  studied.  The  re¬ 
sults  are  summarized  in  Table  II. 

EFFECT  OF  PRESSURE 

The  quantity  of  water  passing  through  a  film  may  or  may  not 
be  directly  proportional  to  the  vapor  pressure  difference.  The 
direct  proportionality  does  not  exist  in  films  which  contain  hydro¬ 
philic  material  or  polar  groups  that  sorb  water  molecules  {16). 
However,  Equations  1  and  2  may  be  considered  as  the  ideal  law  of 
gas  permeability,  which,  for  many  films  (particularly  for  those 
of  low  permeability)  adequately  represent  the  effect  of  thickness 
and  pressure  difference.  Deviations  from  this  ideal  behavior 
usually  begin  to  become  significant  when  the  film  material  sorbs 
water  noticeably.  This  is  particularly  apparent  in  the  case  of 
cellulose  sheeting.  In  Table  III  are  presented  some  measure¬ 
ments  of  permeability  constants  at  different  pressure  differences. 
All  measurements  are  at  25°  C. 


Table  III.  Effect  of  Vapor  Pressure  on  Permeability  Constant 


Material 

Saran 

Saran 

Saran 

Pliofilm,  laminated 
Pliofilm,  laminated 
Vinylite  III 
Vinylite  III 

Cellulose  (uneoated  cellophane) 
Cellulose  (uncoated  cellophane) 
Cellulose  (uncoated  cellophane) 


Preseure  Difference, 
Mm.  Hg 

P  X  10» 

15 

0.16 

20 

0.14 

24 

0.15 

10 

0.11 

18  • 

0.11 

4.6 

37.8 

20 

38.0 

4.6 

3.3 

6.5 

4.7 

10 

68 

20 

84 

EFFECT  OF  TEMPERATURE 


Barrer’s  measurement  of  permeability  constants  for  periiianei 
gases  at  different  temperatures  {1,  2)  is  direct  proof  of  transmit 
sion  by  activated  diffusion,  for  the  temperature  dependence 
clearly  exponential.  However,  the  authors  have  been  unable  t 
find  in  the  literature  reliable  measurements  of  the  temperatui 
variation  of  water  vapor  permeability.  In  Table  IV  the  pei 
meability  constants  for  single-ply  pliofilm  (PID  140)  at  differer 
temperatures  are  shown.  Figure  3  shows  the  great  difference  i 
permeability  at  different  temperatures.  The  log  P  versus  l/‘. 
plot  (compare  Figure  4)  gives  a  reasonably  straight  line,  showin 
that  the  data  can  be  represented  by 


P  =  P0e-®/RT  (10 

/ 

The  energy  of  activation  in  this  case  is  about  13,000  calorie 
per  mole,  diffusing  water  vapor. 

From  these  measurements  and  those  of  Barrer,  one  may  sa; 
that  in  general  the  permeability  of  a  good  film  approximate! 
doubles  for  a  10°  C.  (18°  F.)  rise  in  temperature. 
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Table  IV.  Effect  of  Temperature  on  Permeability  Constant 


0 

O 

Pliofilm 

P  X  10» 

20 

1.03 

24 

1.26 

30 

2.1 

37.8 

3.9 

43.5 

4.4 

62 

Vinylite  IV 

8.7 

30 

68 

38 

Polythene 

74 

25 

2.38 

30 

3.67 

PROCESS  OF  PERMEATION 

On  the  basis  of  the  foregoing  observations  and  measurements, 

;  seems  that  the  transport  of  small  molecules,  such  as  water,  ni- 
rogen,  oxygen,  hydrogen,  etc.,  through  a  layer  of  a  polymer  can 
e  visualized  by  two  different  mechanisms:  (1)  flow  through 
apillary  holes,  and  (2)  activated  diffusion  through  the  polymer 
self.  - 

The  first  process  involves  the  presence  of  a  system  of  preformed 
revice3  or  capillaries,  the  average  width  of  which  is  larger  than 
he  diameter  of  the  diffusing  molecules. 

Under  the  influence  of  its  random  kinetic  motion,  an  individual 
rolecule  eventually  will  enter  into  such  a  capillary.  It  is  then  ir- 
egularly  reflected  at  the  capillary  walls  and  carries  out  a  Brown- 
m  movement  very  similar  to  the  one  characteristic  for  the  gase¬ 
ous  state.  Whether  the  net  effect  of  this  “free”  diffusion  will  be 
letter  described  by  a  Poiseuille  flow  or  by  a  Knudsen  diffusion 
lepends  upon  the  ratio  between  the  mean  free  path  of  the  mole- 
ules  and  the  average  diameter  of  the  capillaries.  This  in  turn 
dll  be  influenced  by  the  vapor  pressure  of  the  diffusing  gas  and 
he  porosity  of  the  polymer.  After  having  been  frequently  re- 
tected  at  the  walls  of  the  capillaries,  the  migrating  particle 
inally  emerges  on  the  other  side  of  the  layer  and  one  elementary 
tep  of  gas  transport  through  the  polymer  has  taken  place.  This 
inactivated  diffusion  of  small  molecules  through  existing  crevices 
aloig  surfaces  of  crystallites,  between  morphological  elements, 
uch  as  fibrillae,  etc.)  is  only  moderately  temperature-dependent; 
t  is  proportional  to  T“  where  a  assumes  values  around  0.5,  de- 
>ending  upon  the  shape  of  the  diffusing  molecules  and  of  the 
haracter  of  the  capillaries.  The  net  effect,  which. this  mode  of 
ransport  contributes  to  the  total  penetration  of  the  gas  through 
he  film,  is  proportional  to  the  pressure  gradient,  the  time,  and 
he  area,  and  depends  in  a  somewhat  complicated  manner  upon 
he  size  and  shape  of  the  diffusing  molecules  and  of  the  chan- 
lels  through  which  they  travel. 

The  activated  diffusion  of  molecules  through  the  bulk  of  the 
polymer  itself  is  of  an  altogether  different  character. 

Let  us  assume  first  for  simplicity  that  the  film  through  which 
.he  water  is  supposed  to  migrate  is  homogeneous  and  in  a  com¬ 
pletely  disordered  (amorphous)  state.  It  can  then  be  considered 
.o  be  a  liquid  of  very  high  viscosity  or  a  glass.  Water  molecules 
)f  the  gas  space  will,  under  the  influence  of  their  random  kinetic 


motions,  hit  the  boundary  plane  of  the  him;  in 
many  cases  they  will  be  reflected  elastically,  in 
others  they  will  penetrate  into  the  first  few  atomic 
layers  of  the  polymer  and  then  start  to  diffuse 
irregularly  through  the  material.  Their  motion 
will  not  (as  in  the  first  case)  be  comparable  with 
the  conditions  in  an  ideal  gas,  but  rather  to  the 
Brownian  movement  of  a  particle  which  is  dis¬ 
solved  in  a  very  viscous  liquid.  Using  the  con¬ 
cepts  of  the  viscosity  of  liquids  and  particularly 
of  long-chain  substances  as  developed  recently  by 
Eyring  and  his  collaborators  (7,  8),  one  arrives  at 
the  conclusion  that  the  migrating  molecule  car¬ 
ries  out  quasi-elastic  vibrations  around  a  certain 
position,  until  through  the  segment  movement  of 
the  surrounding  chains  a  “hole”  is  formed  in  its  im¬ 
mediate  neighborhood  and  it  moves  into  this  hole, 
where  it  vibrates  again  for  a  period,  long  as  com¬ 
pared  with  the  time  of  transition  from  one  hole  to 
the  next.  Thus  the  dissolved  particle  moves 
through  a  series  of  holes,  though  they  are  not  pre¬ 
existent  but  are  gradually  produced  (and  disap¬ 
pear  again)  by  thermal  vibrations  of  the  segment 
inside  of  the  polymeric  material.  The  probability 
for  the  formation  of  such  a  hole  is  comparatively  small  and  the 
molecule  has  therefore  to  wait  comparatively  long  in  one  hole 
until  another  one  is  formed  in  its  immediate  neighborhood  into 
which  it  eventually  can  move.  Thermodynamically,  the  holes  are 
characterized  by  a  certain  energy  and  entropy  of  formation  and 
these  two  quantities  can  be  derived  from  observation  of  the  rate 
of  this  “activated”  diffusion  and  from  its  temperature  dependence. 
The  order  of  magnitude  of  these  two  quantities  (expressed  for  one 
mole  of  holes)  is  for  water  and  pliofilm  about  12,000  calories 
per  mole  for  the  energy  and  10  calories  per  degree  for  the  entropy 
of  activation. 

Finally,  there  exists  a  third  process  for  the  transportation  of  a 
molecule  through  a  polymer,  which,  in  a  certain  sense,  involves  a 
mechanism  intermediate  between  the  two  mentioned  above. 

It  has  been  known  for  some  time  (10)  and  has  been  confirmed 
and  considerably  elaborated  recently  (12,  H)  that  many  high 
polymers,  such  as  cellulose  and  its  derivatives,  possess  a  so-called 
internal  surface,  which  is  accessible  for  gas  molecules  and  can  be 
measured  by  adsorption  studies.  This  suggests  the  existence  of 
very  narrow  slits  and  crevices,  the  walls  of  which  contain  a  large 
number  of  centers  of  high  adsorption  power  (active  spots  or  points 
of  high  intermolecular  attraction).  In  the  case  of  the  diffusion  of 
water  through  cellulose,  the  hydroxyl  groups  on  the  surface  of  the 
cellulose  crystals  presumably  are  such  points  of  high  water-bind¬ 
ing  capacity.  If  a  water  molecule  enters  such  a  slit  between  two 
crystals,  it  will  be  immediately  adsorbed  at  one  of  these  hydroxyl 
groups  and  after  the  heat  of  adsorption  has  been  dissipated,  carry 
out  vibrations  in  the  immediate  neighborhood  of  this  group,  until, 
by  thermal  fluctuations  it  acquires  the  energy  necessary  for  de¬ 
sorption.  It  will  then  re-evaporate  into  the  slit  and  after  a  few 
elastic  (inefficient  from  an  adsorption  standpoint)  collisions  with 
the  wall,  be  adsorbed  by  another  active  spot,  where  it  stays  for 
another  period,  and  so  on.  This  process  can  also  be  considered  to 
be  an  activated  diffusion,  but  a  diffusion  through  a  preformed 
slit  or  system  of  holes.  It  is  characterized  by  an  energy  and  en¬ 
tropy  of  activation,  but  these  two  quantities  have  now  another 
significance  than  before.  The  energy  of  activation  (between  8000 
and  14,000  calories  per  mole  of  water)  is  the  energy  necessary  to 
evaporate  an  adsorbed  water  molecule  from  the  active  spots, 
while  the  entropy  of  activation  involves  the  difference  in  the 
modes  of  vibration  and  rotation  which  an  individual  molecule 
carries  out  in  the  free  and  adsorbed  states,  respectively.  In  this 
case,  both  quantities  have  nothing  to  do  with  the  irregular  seg¬ 
ment  motion  (micro-Brownian  movement)  of  the  polymer,  but 
with  the  specific  attraction  between  the  diffusing  molecules  and 
certain  active  groups,  which  are  distributed  on  the  walls  of  the 
slit  in  the  polymers. 

The  real  effect  of  crystallinity  on  the  permeability  of  high 
polymers  has  not  yet  been  investigated  and  there  exist  widely 
different  opinions  about  the  relative  importance  of  the  crystalline 
and  amorphous  areas  in  a  polymer.  In  this  consideration  the 
work  of  Langmuir  and  Schaefer  (11)  seems  to  be  of  great  impor¬ 
tance.  They  found  that  a  single  monomolecular  crystallized  layer 
was  sufficient  to  cut  down  the  rate  of  evaporation  of  water  by  a 
factor  of  about  one  million. 

On  the  basis  of  permeability  measurements  alone  it  does  not 
seem  easy  to  decide  whether  the  actual  experimental  qualities 
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(and  their  formal  interpretation  as  described  above)  point  to  an 
activated  diffusion  through  gradually  forming  and  disappearing 
holes  or  along  the  surfaces  which  are  covered  with  active  spots. 
However,  it  appears  that  additional  information  about  the  poly¬ 
mer,  such  as  the  presence  of  active  groups  (hydroxyl,  amino, 
carboxyl,  carbonyl,  etc.)  or  the  crystalline  character  of  the  ma¬ 
terial  and  the  existence  of  an  internal  surface,  together  with  more 
numerous  and  more  precise  measurements,  may  help  in  the  eluci¬ 
dation  of  the  true  permeation  process. 
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Evaporation  Indices  of  Hydrocarbon  Thinners 

E.  H.  McARDLE  and  A.  E.  ROBERTSON 
Esso  Laboratories,  Standard  Oil  Development  Co.,  Elizabeth,  N.  J. 


ONE  of  the  most  distinctive  and  characteristic  properties  of 
a  solvent  naphtha  is  its  rate  of  evaporation.  Upon  this 
■evaporation  rate  of  the  solvent  itself  depends  its  choice  for  appli¬ 
cation  to  the  great  variety  of  organic  materials  which  must  be 
thinned  prior  to  use.  The  factor  of  “solvent  retention”  does 
modify  the  evaporation  rate  of  the  solvent  itself,  but  contribu¬ 
tions  of  the  solute  are  generally  constant  in  so  far  as  they  affect 
the  rates  of  solvent  release  of  interchangeable  solvent  naphthas. 

It  is  rather  astonishing,  therefore,  to  reflect  that  until  very  re¬ 
cently  no  concerted  effort  has  been  made  to  standardize  an 
acceptable  procedure  to  measure  evaporation  rate.  A  number  of 
evaporometers  have  been  described  in  recent  years,  but  in  nearly 
every  case  their  use  has  been  confined  to  their  parent  laboratories 
( 2 ,  S,  9-14).  This  state  of  affairs  is  aptly  epitomized  in  a  report 
of  the  (British)  Institute  of  Petroleum  ( 8 ): 

An  attempt  has  been  made  to  standardize  a  suitable  relative 
evaporation  test  for  the  examination  of  solvents  to  be  used  in  the 
paint  and  lacquer  industry.  From  contact  with  paint  research 
stations  and  industrial  firms,  it  appears  that  no  suitable  well- 
recognized  test  is  in  existence.  Those  that  are  ac¬ 
tually  used  are  either  simple  rule-of-thumb  tests 
or  require  complicated  apparatus  and  are  not  suita¬ 
ble  for  routine  work.  As  it  is  generally  agreed  that 
such  a  test  is  of  value  in  assessing  the  behaviour  of 
solvents,  advice  on  the  methods  used  in  the  U.S.A. 
was  sought  from  the  A.S.T.M.,  but  so  far  the  ap¬ 
propriate  committee  of  that  body  is  taking  no  steps 
to  standardize  a  test,  as  they  have  not  been  asked 
to  do  so  by  their  members.  In  the  meantime  a 
search  is  being  made  of  the  literature  available 
on  the  subject,  so  that  the  significance  of  any 
method  can  be  fully  appreciated. 

The  subject  of  evaporation  rate  is  now  under  con¬ 
sideration  by  the  A.S.T.M.  The  problem  of  devis¬ 
ing  a  generally  satisfactory  method,  however,  re¬ 
quiring  inexpensive  but  accurate  and  reliable  equip¬ 
ment,  would  appear  extremely  difficult.  Neither 
volumetric  nor  gravimetric  methods  lend  them¬ 
selves  readily  to  operation  in  a  water  thermo¬ 
stat;  and  only  a  handful  of  supplier  and  con¬ 
sumer  laboratories  are  air-conditioned  at  the 
present  time.  Few,  if  any,  gravimetric  methods 
provide  for  unchanging  air  flow  in  the  vicinity 


of  the  evaporating  liquid.  Nor  is  it  a  simple  matter 
charge  a  gravimetric  surface  with  a  highly  volatile  liquid  sam 
without  substantial  evaporation  during  the  time  required 
charging.  Volumetric  apparatus,  such  as  that  of  Wetlaufer  s 
Gregor  ( 14 )  or  the  modification  employed  in  the  present  wo 
must  be  up-ended  frequently  for  periodic  readings,  thus  introd 
ing  errors  due  to  variation  in  surface  tension,  completeness 
drainage,  and  ratio  of  vapor  to  liquid  volume.  Evaporation 
solvent  naphthas  from  their  solutions  of  a  “standard”  vehicle — e 
varnish-grade  linseed  oil — would  introduce  this  limiting  fact 

In  view  of  these  difficulties,  an  attempt  has  been  made  to  e: 
mate  the  evaporation  rates  of  commercial  solvent  naphthas,  fr 
control  tests  which  are  normally  run  on  regular  shipments — v 
their  specific  gravities  and  their  volatilities  as  measured  by 
A.S.T.M.  distillation  ( 1 ). 

EVAPORATION  INDICES 

As  generally  plotted,  evaporation  rate  curves  represent  ab 
lute  values  for  one  set  of  conditions.  Presumably,  however,  slif 
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ations  in  procedure  or  surroundings  will  produce  the  same 
tive,  or  comparative,  values  within  a  series  of  naphthas,  if 

l  member  is  run  identically.  It  thus  appears  likely  that  if  a 
iplete  series  can  be  run  once  under  optimum  conditions,  and 
r  if  an  actual  or  hypothetical  member  be  taken  for  reference, 
further  if  a  satisfactory  graphical  or  mathematical  relation 
established  between  the  reference  naphtha  and  the  other 
nbers  of  the  series,  no  further  “control”  evaporation  runs 
i  be  made.  After  the  curve  for  the  reference  naphtha  is 
itrarily  plotted,  the  other  members  may  be  described  by,  say, 
■  points — e.g.,  their  20,  50,  80,  and  95%  evaporation  times, 
iwing  these  particular  points,  adequate  curves  may  be 
ted,  and  also  information  gained  concerning  their  contribu- 

1  to  the  behavior  of  freshly  deposited  coating  films.  For  ex- 
)le,  at  the  point  of  50%  evaporated,  the  coating  film  viscosity 
r  be  increased  to,  or  beyond,  that  necessary  for  “setup”;  at 
o,  nonoxidizing  films  may  have  become  dust-free;  while  at 
o  evaporated  such  films  are  frequently  touch-dry  (4). 

sing  the  data  here  presented,  it  is  proposed  to  refer  all  evapo- 
on  times  to  those  of  a  hypothetical  straight-run  petroleum 
htha  of  roughly  40°  C.  boiling  range,  and  with  a  50%  A.S.T.M. 
illation  temperature  of  80°  C.  Then  the  20%  evaporation 

2  of  any  actual  naphtha,  divided  by  the  20%  time  of  the 
rence  naphtha,  will  be  termed  the  20%  evaporation  index, 
written  /20. 

NARROW-CUT  NAPHTHAS 

except  for  wide-cut  rubber  solvents,  where  a  100°  C.  boiling 
?e  is  needed  for  quick  setup  and  long  tack  time,  the  great  ma¬ 
ty  of  volatile  straight-run  petroleum  thinners  boil  within 
F.  (50°  C.),  and  of  these  nearly  all  except  the  “mineral 
its”  cuts  boil  within  40°  C.  Table  I  lists  a  representative 
ss  of  widely  used  straight-run  naphthas,  with  50%  distillation 
peratures  from  73°  to  172°  C. — i.e.,  with  volatilities  covering 
it  ordinary  requirements.  Except  for  the  two  mineral  spirits 
ch  have  a  45°  C.  boiling  range,  the  members  of  the  series  boil 
fin  40°  C. 

Zith  the  exception  of  the  “varnish  spirits”,  all  items  in  Table 
e  distilled  from  paraffinic  crudes,  and  as  a  result  have  specific 
fities  corresponding  to  a  large  paraffinic  content.  Paraffinic 
les  contain  minor  proportions  of  aromatics  and  naphthenes, 
are  free  from  olefins;  and  it  can  be  generally  stated  that  the 
rage  domestic  paraffinic  crude  will  produce  straight-run  naph- 

3  whose  paraffinic  content  gradually  decreases  with  increasing 
ing  range.  For  a  given  volatility,  the  specific  gravities  shown 
'able  I  are  close  to  those  of  the  majority  of  40°  C.-wide  paraf- 

;  naphthas  generally  available.  Specific  gravity  will  therefore 
be  taken  into  account  when  we  are  dealing  with  straight-run 
hthas  of  the  paraffinic  type. 

EVAPORATION  RATE  CURVES 

'he  evaporation  data  shown  in  Table  I  are  plotted  in  Figure 

in  semilog  paper.  For  the  time  being,  the  nonparaffinic 
[fish  spirits  will  be  neglected. 


Figure  2 


If  we  now  plot,  again  on  semilog  paper,  the  20,  50,  80,  and  95% 
evaporation  points  of  each  of  the  five  narrow-cut  straight-run 
paraffinic  type  naphthas  against  their  50%  A.S.T.M.  distillation 
temperatures,  we  have  the  family  of  parallel  curves  shown  in 
Figure  2.  Here  evaporation  time,  t,  in  terms  of  50%  distillation 
temperature,  T,  in  0°  C.,  is  given  as  follows: 


log  <20  =  0.01675 T  -  1.22  log  <80  =  0.01 675T  -  0.48 

log  iso  =  0.01675T  -  0.77  log  <96  =  0.01675T  -  0.36 


In  the  case  of  the  hypothetical  40°  C.-wide  reference  naphtha, 
with  50%  distilled  at  80°  C.,  we  have  the  following  evaporation 
times:  20%  in  1.32  minutes;  50%  in  3.7;  80%  in  7.2;  and  95% 
in  9.5.  , 

Evaporation  indices  of  actual  40°  C.-wide  paraffinic  type 


naphthas,  /20,  etc.,  now  become  etc.,  or,  from  the  above 


equations: 


/2o  =  0.76  antilog  (0.01675 T  -  1.22) 
h o  =  0.27  antilog  (0.016757* l 2 3 * * * 7  -  0.77) 
/so  =  0.138  antilog  (0.01675T  -  0.48) 
In  =  0.105  antilog  (0.0167577  -  0.36) 


WIDE-CUT  NAPHTHAS 

Data  on  wide-cut  naphthas  are  shown  in  Table  II.  These  in¬ 
clude  a  rubber  solvent,  an  extraction  naphtha,  and  a  varnish 
makers’  and  painters’  naphtha.  The  first  two  naphthas,  with 
boiling  ranges  of  100°  C.,  evaporate  much  faster  than  40°  C.-wide 
naphthas  of  the  same  paraffinic  50%  A.S.T.M.  distillation  tem¬ 
peratures.  They  nevertheless  exhibit  closely  similar  curvatures 
in  their  evaporation  rate  curves,  and,  as  a  result,  a  simple 
correction  can  be  made  by  substracting  13°  C.  (23°  F.)  from  the 
50%  distillation  temperature  of  the  100°  C.-wide  naphtha. 
Figure  3  shows  the  excellent  concordance  of  the  test  data  with 
this  assumption. 

Another  exception  to  the  40°  C.-wide  line  of  naphthas  is  wide- 
cut  V.M.  &  P.,  usually  boiling  from  210°  to  320°  F. — i.e.,  60°  C. 
wide.  Here,  evaporation  rate  is  estimated  by -subtracting  8°  G,_ 
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Figure  3 


point;  but,  for  the  purpose  of  these  estimates,  no  gi 
error  is  hereby  introduced,  since  (1)  the  divergence 
cubical  expansion  between  aromatics  and  straight- 
petroleum  naphthas  is  fairly  small  ( 6 ),  and  (2)  the  lat 
heats  of  vaporization  of  similarly  boiling  aromatics  : 
paraffins  roughly  parallel  each  other  between  room  t< 
perature  and  their  boiling  points.  Data  for  the  i 
matics  were  taken  from  the  Doss  compilation  (&);  . 
the  latent  heats  for  the  straight-run  petroleum  fracti 
from  Fallon  and  Watson  (7).  Specific  gravities 
40°  C.-wide  paraffinic  naphthas  were  taken  from  Fig 
4,  which  was  plotted  from  data  in  Table  I. 

To  utilize  specific  gravities,  G  and  Gp,  of  arom; 
solvents  and  paraffinic  naphthas,  respectively,  as  mi 
ures  of  latent  heat,  we  take  the  following  relation: 

TP  =  T  +  50  ((?  —  GP) 

where  TP  is  the  50%  temperature  of  the  equiva'. 
paraffinic  naphtha,  and  T  is  the  actual  50%  temperat 
of  the  aromatic.  Thus  10°  xylene  evaporates  at  appr 
mately  the  rate  of  a  40°  C.-wide  straight-run  napb 
with  a  50%  distillation  temperature  of 


from  the  50%  distillation  temperature.  Conformity  of  the  data 
with  this  correction  is  shown  in  Figure  3. 

Evaporation  indices  for  the  100°  C.  and  60°  C.-wide  naphthas 
may  now  be  written  as  follows,  for  20%  evaporated: 

/20  =  0.76  antilog  [0.01675(T  -  13)  -  1.22] 

J20  =  0.76  antilog  [0.01675  (T  —  8)  —  1.22] 


137  +  50(0.862  -  0.765)  =  142°  C. 

The  general  expressions  for  evaporation  indices  of  soh 
naphthas  other  than  straight-run  paraffinic  types  become: 

7a,  =  0.76  antilog  [0.01675[T  +  50  (G  -  GP )}  -  1.22] 
/M  =  0.27  antilog  [0.01675] T  +  50  (G  -  GP)\  -  0.77] 
/so  =  0.138  antilog  [0.01675[T  +  50  (G  -  Gp)\  -  0.48 
hi  =  0.105  antilog  [0.01675|T  +  50  (G  -  GP ))  -  0.36 


Table  II.  Wide-Cut  Petroleum  Solvent  Naphthas 


Wide-Cut 

Wide-Cut  Extrac- 

Wide-Cut 

Rubber  Solvent 

tion  Naphtha 

V.M.  &  P. 

Gravity,  0  A.P.I. 

67.8 

60  9 

56.0 

3p.  gr.  at  60°/60°  F. 

0.710 

0.735 

0.755 

A.S.T.M.  distillation 

Initial  B.P.,  0  C. 

39 

62 

98 

50%  off 

86 

100 

120 

End  point 

138 

159 

159 

Evaporation  time  at 

25°  C.,  minutes 

20% 

0.9 

1.7 

5.5 

60% 

2.7 

4.7 

14 

80% 

5.4 

9.2 

24.6 

95% 

7.5 

13.2 

33 

Table  III.  Latent  Heats  of  Vaporization,  Volume  Basis 


3oiling 

Aro- 

Latent  Heats' 
Straight-  Differ- 

Specific  Gravity  at 
60°/60°  F. 

Aro-  Straight-  Differ- 

Ratio  of 
Differ- 

Point 

matic 

run 

ence 

matic 

run 

ence 

enees 

°  C. 

80 

83 

Calories/cc. 

55.5 

27.5 

0.879 

0.712 

0.167 

165 

110 

75.3 

55 

20.3 

0.868 

0.743 

0.125 

162 

140 

70 

53.5 

16.5 

0.862 

0.765 

0.097 

170 

170 

66.8 

52.3 

14.5 

0.870 

0.784 

0.086 

169 

AROMATIC  SOLVENTS 

Because  of  their  higher  latent  heat  of  vaporization,  aromatic 
1  hydrocarbons  evaporate  more  slowly  at  room  temperature  than 
paraffins  of  the  same  boiling  range.  The  greatest  difference  is 
between  benzene  and  an  80°  C.-boiling  paraffin — i.e.,  with  in¬ 
creasing  boiling  point,  or  molecular  weight,  there  is  less  difference 
between  latent  heats  of  aromatics  and  paraffins.  These  differ¬ 
ences  conform  to  differences  in  specific  gravity,  and  the  latter  can 
be  utilized  to  estimate  evaporation  rates  of  aromatic  solvent 
naphthas  from  the  data  on  paraffinic  naphthas.  Table  III  shows 
the  ratios  of  these  differences  to  be  substantially  constant  for 
practical  purposes. 

In  Table  III,  latent  heats  have  been  converted  to  a  volume 
basis — since  A.S.T.M.  distillates  are  read  by  volume — by  multi¬ 
plying  calories  per  gram  at  the  boiling  point  by  density.  Den¬ 
sity  was  not  corrected  to  the  same  temperature  as  the  boiling 


Data  in  Table  IV,  which  includes  a  number  of  commei 
aromatic  solvents,  are  plotted  in  Figure  5.  Evaporation  po 
estimated  by  the  above  method  are  also  shown  in  Figure  5, 
are  listed  in  Table  V.  It  is  important  to  note  that  these  po 
are  based  on  weight  per  cent  evaporated.  (The  volume 
evaporometer  used  in  this  work  evaporates  2.0  ml.  of  liquid, 
the  families  of  evaporation  curves  here  plotted  are  all  on  a  voh 
basis.  Most  evaporometers  operate  on  a  weight  basis.) 

Concordance,  on  a  weight  basis,  appears  satisfactory  in 
boiling  ranges  above  toluene.  It  is  noteworthy  that  2°  toll; I 
and  Solvesso  No.  1  (a  two-thirds  aromatic  naphtha  with  simj 
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Figure  5 


Table  IV.  Aromatic  Solvent  Naphthas 


30,  70,  80,  and  90%  A.S.T.M.  distillation  tem¬ 
peratures — might  be  preferred  to  the  50%  dis¬ 
tillation  temperature.  Among  the  straight-run 
naphthas  described  in  Tables  I  and  II,  however, 
in  no  case  do  the  50%  points  and  average  boiling 
points  differ  by  as  much  as  2°  C.  Thus  the  50% 
temperature,  T,  has  been  chosen  for  convenience 

POSSIBILITY  OF  WIDER  APPLICATION 

The  present  estimates  are  limited  to  commer¬ 
cially  available  solvent  naphthas,  or  hydrocarbon 
thinners.  It  nevertheless  appears  possible  to  ex¬ 
tend  the  method  to  include  mixtures  of  hydrocar¬ 
bons  and  oxygen-containing  solvents,  wherein 
latent  heat  of  vaporization  may  vary  rapidly  with 
composition  during  the  time  of  evaporation.  Ad¬ 
ditional  data  covering  volume  changes  upon  mix¬ 
ing,  together  with  evaporation  rates  of  individual 
components,  will  then  be  required.  Meanwhile, 
the  present  rough  method  is  suggested  as  a  sub¬ 
stitute  for  routine  control  tests. 
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0%  distillation  temperature)  parallel  each  other  in  evaporation 
ite  in  both  actual  and  estimated  values;  although  agreement 
etween  these  values  for  the  individual  solvent  leaves  something 
j  be  desired.  Concordance  in  the  case  of  benzene  is  poor,  al- 
tough  the  76%  point  is  close  to  actual.  Benzene,  however,  is 
cique  in  a  number  of  ways,  and  it  evaporates  much  faster  than 
ther  commercial  aromatic  solvents. 

VARNISH  SPIRITS 

In  the  section  above  on  “Evaporation  Rate  Curves”,  dis- 
ussion  of  varnish  spirits  was  postponed.  The  difference  in  speci- 
c  gravity  between  the  varnish  spirits  in  Table  I  and  the  lower 
olvency  mineral  spirits — viz.,  0.023 — necessitates  the  use  of  the 
ravity  correction,  50  (G  —  GP),  and  therefore  there  must  be 
dded  1°  C.  to  its  already  2°  C.  higher  50%  distillation  tempera- 
ure. 

In  this  connection  it  may  appear,  particularly  in  the  case  of  the 
irge  number  of  mineral  spirits  commercially  available,  that  an 
rror  in  reading  the  50%  distillation  temperature  will  bulk  large 
a  estimating  evaporation  rate.  In  such  an  event,  the  popular 
average  boiling  point” — the  arithmetic  average  of  the  10,  20, 
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Corrections 

In  the  article  on  “Determination  of  Formaldehyde”  [Ind.  Eng 
Chem.,  Anal.  Ed.,  16,  496  (1944)  ],  reference  5  on  page  496  should 
read:  Boyd,  M.  J.,  and  Bambach,  Karl,  Ind.  Eng.  Chem.,  Anal 
Ed.,  15,  314-15  (1943). 

G.  C.  Whitnack 

In  the  note  on  “An  Observation  of  Possible  Value  for  Sugar 
Determinations”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  16,  537  (1944)], 
an  error  occurs  in  lines  15  and  33,  where  “grams”  should  read 
“milligrams”. 

The  possibility  of  iodometric  determination  of  the  cuprous 
iodide  has  been  discussed  in  detail  by  Shaffer  and  Hartman 
[/.  Biol.  Chem.,  45,  365  (1920-21)]. 


Daniel  Luzon  Morris 
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Determining  Phenols  in  Dilute  Solutions 

Notes  on  the  Gibbs  Method 


A.  W.  BESHGETOOR,  L.  M.  GREENE,  and  V.  A.  STENGER 
The  Dow  Chemical  Company,  Midland,  Mich. 


Some  suggestions  concernins  the  performance  of  the  Gibbs  method 
are  given,  dealing  especially  with  the  removal  of  interfering  sub¬ 
stances  and  the  best  conditions  for  color  development.  The  colors 
produced  by  certain  phenol  derivatives  are  listed,  and  an  extraction 
method  for  the  analysis  of  very  dilute  solutions  is  presented. 


THE  Gibbs  method  for  determining  phenols  ( 1 )  has  been 
used  successfully  in  a  number  of  laboratories,  including  that 
of  The  Dow  Chemical  Company.  Nevertheless  some  workers 
have  encountered  difficulties;  Buswell  and  Dunlop  (4),  for 
example,  prefer  to  estimate  phenol  by  means  of  its  ultraviolet 
absorption.  However,  since  the  Gibbs  procedure  is  capable  of 
greater  sensitivity  and  requires  less  expensive  equipment,  it  will 
probably  remain  in  common  use.  The  present  paper  is  intended 
to  be  supplementary  to  the  procedure  given  in  ( 1 ).  The  sub¬ 
jects  discussed  include  notes  on  the  distillation  apparatus,  inter¬ 
fering  substances,  best  conditions  for  color  development,  and  a 
procedure  for  determining  phenol  in  more  dilute  solutions. 

Although  many  substituted  phenols  produce  colors  in  the 
Gibbs  method,  relatively  few  give  the  normal  blue  color  of  ordi¬ 
nary  phenol  and  in  those  cases  the  sensitivity  is 
usually  less.  Baylis  (2)  notes  that  p-cresol  shows 
no  color  while  o-cresol,  like  phenol,  gives  a  blue. 

It  is  generally  true  that  substitution  in  the  para 
position  reduces  the  sensitivity  considerably, 
while  ortho  substitution  with  hydrocarbon  groups 
has  less  effect  and  with  halogen  atoms  shifts 
the  color  toward  green.  The  colors  produced  by 
several  phenols  are  shown  in  Table  I,  with 
concentration  ranges  which  yield  colors  of  about 
the  proper  intensity  for  comparison  in  100-ml. 

Nessler  tubes.  All  these  compounds  are  volatile 
with  steam  and  those  which  give  colors  with  the 
Gibbs  reagent  will  interfere  in  the  phenol 
determination. 


DISTILLATION  APPARATUS 

In  Figure  1  is  shown  a  battery  of  six  stills  as 
they  are  set  up  in  the  Dow  Analytical  Labo¬ 
ratory,  where  numerous  industrial  waste  and 
river  water  samples  are  run  every  day. 

A  Maharg  all-glass  distillation  apparatus 
(mercury-sealed)  is  specified  in  ( 1 ).  It  is 
essential  that  the  apparatus  be  thoroughly  clean. 
Washing  of  the  flasks  and  condensers,  followed 
by  steaming  out  with  steam  from  pure  water,  is 
to  be  recommended  between  determinations, 
particularly  when  samples  of  varying  concentra¬ 
tion  are  being  analyzed.  Flasks  with  broken  or 
chipped  connecting  tubes,  which  allow  conden¬ 
sates  to  collect  on  the  mercury  seal,  should  be 
avoided. 

Changing  of  receivers  beneath  the  condenser 
is  simplified  by  the  use  of  an  adapter  shown  in 
Figure  2.  The  adapter  slides  vertically  on  the 
condenser  tube,  cushioned  by  a  rubber  washer, 
A,  which  rests  on  bulge  B  in  the  tube.  Glass 
ears  at  C  support  its  weight  when  the  volumetric 
flask,  D,  is  in  position.  In  building  the  appa¬ 
ratus,  the  portion  of  the  condenser  tip  below 
E  is  first  shaped  and  fitted  with  the  washer. 
A  piece  of  1.9-cm.  (0.75-inch)  inside  diameter 
tubing  is  drawn  down  to  form  the  upper  end 
of  the  adapter,  and  the  condenser  tip  is  inserted 


from  below.  The  lower  end  is  next  drawn  out,  the  delivery  tip  i 
put  on,  then  the  condenser  tip  is  sealed  to  the  condenser  at  E.  „ 

i 

INTERFERING  SUBSTANCES 

In  the  analysis  of  industrial  wastes,  off-colors  from  the  desire< 
blue  are  sometimes  obtained.  Green-blues  may  indicate  tha  : 
part  of  the  phenol  contains  halogen  in  the  ortho  position,  possibl; ; 
as  a  result  of  partial  chlorination.  They  may  also  be  produce*  i 
by  sulfides,  which  according  to  the  amount  present  can  yiel<  ■ 
off-shades  varying  through  yellow-greens  to  pink.  Williams  ( 9  : 
suggested  removing  sulfides  with  lead  oxide  or  carbonate,  whil  s 
Renzoni  ( 6 )  recommended  the  use  of  freshly  precipitated  cad  j 
mium  carbonate.  The  authors  have  used  copper  sulfate,  addinj 
a  small  volume  of  strong  copper  sulfate  solution  to  the  measure* ; 
sample  and  filtering  into  the  distilling  flask. 

3 

To  prevent  interference  from  volatile  acids  such  as  salicylh  . 
in  industrial  wastes,  double  distillation  may  be  necessary.  Th* 
first  distillation  is  made  as  usual  (see  1.6,  p.  246,  1),  thougR 
sulfuric  acid  may  be  substituted  for  phosphoric  if  aniline  or  othe:i: 
weak  bases  are  present.  The  entire  500  ml.  of  distillate  are  thei 
returned  to  the  distillation  flask  after  the  latter  has  been  washed  t 


Figure  1.  Battery  of  Six  Stills 
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grams  of  fairly  coarse  marble  chips  are 
dded,  and  the  second  distillation  is  carried 
at.  Calcium  carbonate  furnishes  suffi- 
ient  alkalinity  to  retain  salicylic  acid,  but 
ot  enough  to  interfere  with  the  distillation 
f  phenol. 


:OLOR  DEVELOPMENT  AND  COMPARISON 

Difficulties  in  the  method  may  fre- 
uently  be  traced  to  the  instability  of 
,6-dibromoquinonechloroimide.  It  has 
een  found  advisable  to  purchase  this 
ompound  in  brown  glass  bottles  contain- 
lg  only  1  gram  each.  These  are  kept 
losed  until  needed;  after  a  bottle  is 
pened  the  material  in  it  has  occasionally 
een  found  to  decompose  within  a  week  or 
(vo.  The  precautions  given  in  (1,  p. 

48),  concerning  the  preparation  and  use 
f  solutions  of  this  reagent,  should  be 
arefully  observed.  The  adthors  employ 
tie  alcoholic  solution  (1.61)  exclusively. 

Since  the  dye  produced  by  reaction  of 
he  reagent  with  phenol  is  an  oxidation- 
eduction  indicatQr  as  well  as  an  acid-base 
idicator  (5),  it  is  essential  that  the  pH 
nd  the  oxidation  potential  be  maintained  within  the  specified 
mits.  It  is  a  good  practice  to  add  copper  sulfate  solution  to 
11  samples  and  standards  ( 1 ). 

Solutions  in  the  Nessler  tubes  will  turn  pink  if  exposed  to  sun- 
ght  after  the  addi  tion  of  reagent.  For  the  best  results  it  is  neces- 
ary  to  keep  the  tubes  in  the  dark  during  color  development, 
"his  is  conveniently  done  by  keeping  them  in  a  box  similar  to 
he  one  illustrated  in  Figure  3.  After  4  hours  or  longer,  the 
omparison  is  made  in  a  Fisher  Nessler  tube  support  or  similar 
ack,  by  fluorescent  light. 

The  reaction  between  phenols  and  2,6-dibromoquinone- 
hloroimide  proceeds  slowly  and  the  color  continues  to  develop 
or  a  long  period.  On  this  account  the  samples  and  standard 
hould  be  prepared  at  the  same  time.  In  any  attempt  to  deter- 
aine  phenols  with  a  photoelectric  colorimeter  ( 8 ),  the  standard 
urve  should  be  prepared  with  allowance  of  a  definite  period  for 
olor  development  at  a  specified  temperature.  The  same  condi- 
ions  should  be  adhered  to  carefully  in  the  analysis  of  a  sample. 

ANALYSIS  OF  MORE  DILUTE  SOLUTIONS 

Various  methods  for  concentrating  dilute  phenol  solutions 
lave  been  proposed,  involving  evaporation  of  an  alkaline  solu- 
ion  (7),  distillation  (3),  or  extraction  of  the  free  phenol  with 
;ther  (6).  A  procedure  based  on  developing  the  color  in  a  larger 
'olume  of  sample  and  subsequently  extracting  the  colored  com- 
>jund  can  also  be  used.  This  procedure  multiplies  the  sensitiv- 
ty  of  the  Gibbs  method  by  about  10  and  increases  the  stability 
)f  the  color. 

The  reagents  are  the  same  as  for  the  usual  Gibbs  method,  with 
he  further  inclusion  of  1  to  4  hydrochloric  acid,  chloroform, 
nethanol,  or  Formula  30  alcohol,  and  approximately  0.1  N  alco- 
lolic  sodium  or  potassium  hydroxide.  More  than  ordinary 
■are  must  be  taken  to  obtain  phenol-free  water  for  the  standards. 
Vdd  about  200  ml.  of  finely  powdered  activated  carbon  to 
!7.85  liters  (10  gallons)  of  a  good  grade  of  distilled  water  and 
tgitate  with  an  air  stream  for  30  minutes.  To  the  suspension 
idd  0.4  gram  of  aluminum  sulfate  and  2  grams  of  sodium  bicar- 
ionate,  agitate  for  15  minutes  longer,  allow  to  settle,  and  filter 
>ff  as  needed. 

In  the  absence  of  substances  which  interfere  in  the  ordinary 
jibbs  method,  1  liter  of  the  neutral  sample  may  be  run  directly; 
>therwise  a  single  or  double  distillation  is  necessary.  A  liter  of 
he  water  is  distilled  and  the  entire  amount  of  phenol  is  considered 
o  be  recovered  when  900  ml.  have  been  collected  in  the  first 
distillation,  or  850  ml.  in  the  second.  Standards  containing  0, 


0.5,  1.0,  2.0,  3.0,  5.0,  7.0,  and  10  parts  per  billion  are  prepared 
from  standard  phenol  solution  1.8  ( 1 ,  p.  247),  and  phenol-free 
water.  These  should  have  the  same  volume  as  the  sample.  One 
milliliter  of  the  standard  phenol  solution  diluted  to  1  liter  corre¬ 
sponds  to  1  part  of  phenol  per  billion.  To  each  sample  and  stand¬ 
ard  add  20  ml.  of  alkaline  borate  buffer  solution,  10  ml.  of  copper 
sulfate  solution,  and  3  ml.  of  the  freshly  diluted  alcoholic  2,6- 
dibromoquinonechloroimide  reagent.  Mix  well  and  allow  to 
stand  in  a  dark  place  overnight. 

Transfer  to  a  large  separatory  funnel,  add  5  ml.  of  1  to  4 
hydrochloric  acid  and  18  ml.  of  chloroform,  mix  well,  allow  to 
separate,  and  draw  off  the  chloroform  layer  into  a  50-ml.  Nessler 
tube.  Extract  the  solution  again  with  10  ml.  of  chloroform  and 
add  to  the  same  tube.  To  each  tube  add  20  ml.  of  methanol  or 
Formula  30  alcohol  and  0.10  ml.  of  0.1  N  alcoholic  sodium  or 
potassium  hydroxide,  invert  a  few  times,  and  compare  the  colors. 

It  is  barely  possible  to  detect  0.25  part  of  phenol  per  billion, 
provided  that  interferences  are  absent  and  the  standard  water  is 
pure.  The  detection  of  0.5  part  is  rather  easy  with  phenol, 
which  gives  a  blue-green  color.  The  blank  may  be  slightly  yellow 
because  of  the  presence  of  excess  reagent,  the  intensity  of  the 
yellow  color  being  greater  with  older  reagent.  With  o-chloro- 


Table  1.  Colors  of  Several  Phenols  in  the  Gibbs  Test 

Concentration  Range, 

Phenol 

Color 

Parts  per  Billion 

Ordinary 

Blue 

5-100 

p-Chloro 

Blue 

20-400 

p-Bromo 

Blue 

25-500 

o-Chloro 

Green-blue 

10-150 

o-Bromo 

Green-blue 

10-200 

2,4-Dichloro 

Green-blue 

40-800 

2,5-Dichloro 

Green-blue 

30-600 

2,6-Dichloro 

Green 

30-600 

Trichloro 

Insensitive 

Tribromo 

Insensitive 

o-Phenyl 

Blue 

10-200 

2-Chloro-6-phenyl 

Blue 

10-200 

4-Chloro-6-phen3'l 

Green-blue 

10-200 

p-Phenyl 

Insensitive 

p-ter£-Butyl 

Insensitive 

Figure  3.  Tube  Holder 
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phenol  the  color  is  much  the  same  as  with  phenol,  but  the  test  is 
only  about  one  half  as  sensitive.  The  color  from  p-chlorophenol 
is  more  toward  the  blue,  and  the  sensitivity  is  only  about  one 
fourth  that  of  phenol. 
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Determination  of  the  Nutritive  Value  of  the  Proteins 

of  Food  Products 

H.  H.  MITCHELL,  Animal  Nutrition  Division,  University  of  Illinois,  Urbana,  III. 


The  nutritive  value  of  food  protein  cannot  be  accurately  assessed 
from  a  determination  of  the  amino  acid  content,  nor  from  animal 
feeding  experiments  that  fail  to  credit  the  protein  with  all  its  func¬ 
tions  in  the  body.  A  study  of  the  nitrogen  economy  of  the  animal 
when  fed  the  protein  to  be  tested  under  certain  essential  conditions 
is  capable  of  giving  a  complete  and  reasonably  satisfactory  picture 
of  protein  utilization  in  the  body,  in  digestion  as  well  as  in  metab¬ 
olism.  The  net  protein  value  combines  all  this  information  in  one 
figure.  Illustrations  of  application  of  the  method  to  problems  of  the 
storage  and  processing  of  foods  are  given. 


THE  protein  content  of  food  products  has  an  uncertain  sig¬ 
nificance  for  their  evaluation  in  nutrition,  because  proteins 
vary  widely  in  the  extent  of  their  digestion  in  the  alimentary 
canal,  and  even  more  so  in  the  extent  to  which  the  end  products 
of  their  digestion,  largely  amino  acids,  are  available  for  those 
functions  in  the  body  peculiar  to  dietary  protein.  These  functions 
are  bewildering  in  their  complexity  and  in  their  involvement  in 
life  processes,  but  quantitatively  the  construction  of  new  protein 
material  in  growth  and  the  maintenance  of  the  nitrogenous  integ¬ 
rity  of  the  tissues  already  formed  are  by  far  the  most  important. 

The  differences  that  exist  in  the  value  to  the  animal  body  of 
the  proteins  in  food  products,  the  extent  to  which  food  proteins 
supplement  each  other’s  amino  acid  deficiencies  when  combined 
into  diets,  particularly  the  best  method  of  supplementing  the 
proteins  of  white  flour,  and  the  effect  of  storage  and  commercial 
processing  on  the  protein  value  of  food  products  in  nutrition  are 
all  problems  of  importance  to  food  technologists.  How  can  these 
problems  be  most  effectively  tackled  in  the  chemical  or  the  bio¬ 
chemical  laboratory? 

At  the  present  time,  three  methods  are  being  used  for  these 
purposes:  (a)  determination  of  the  amino  acid  contents  of  foods 
or  food  proteins,  (6)  measurement  of  the  ratio  of  gain  in  weight  to 
protein  intake  of  growing  rats  subsisting  on  rations  in  which  the 
protein  content  is  the  only  factor  limiting  growth,  and  (c)  meas¬ 
urement  of  the  gain  in  nitrogen  to  the  bodies  of  growing  rats  re¬ 
sulting  from  the  consumption  of  diets  complete  in  all  respects  but 
protein.  The  latter  method  can  be  extended  to  mature,  preg¬ 
nant,  or  lactating  animals,  and  to  the  human  subject. 

This  paper  considers  briefly  the  advantages  and  disadvantages 
of  each  method  for  the  purposes  for  which  they  are  being  em¬ 
ployed. 

AMINO  ACID  ANALYSIS  OF  PROTEINS  AND  FOODS 

The  basis  upon  which  this  method  rests  is  that  the  nutritive 
quality  of  food  proteins  is  determined  entirely,  or  largely,  by 
their  content  of  amino  acids,  particularly  of  those  nine  or  ten 


amino  acids  commonly  classed  as  dietary  essentials  on  the  ev 
dence  of  Rose’s  well-known  experiments  on  growing  rats.  Ui 
doubtedly  the  content  of  a  food  in  those  amino  acids  that  th 
body  cannot  synthesize  from  ordinary  dietary  components  sei 
an  upper  limit  to  its  usefulness  in  serving  the  biological  function 
of  dietary  protein;  and  to  this  extent  the  basis  is  sound. 

The  amino  acid  analysis  of  the  proteins  in  a  food  product  b 
chemical  methods  is  laborious  and  the  various  analyses  for  ir 
dividual  amino  acids  are  not  of  equal  precision;  those  for  leueiD 
and  valine  in  particular  leave  much  to  be  desired  (4).  Th 
microbiological  methods  suggested  for  determining  the  amin 
acid  contents  of  food  products  are  still  in  the  experimental  stag* 
However,  it  is  not  too  much  to  hope  that  in  the  near  future  satis 
factory  methods,  chemical  or  microbiological  in  nature,  will  b 
available  for  all  the  amino  acids  commonly  believed  to  be  dietar 
essentials.  It  should  be  emphasized,  however,  that  satisfactor 
analyses  for  all  these  essential  amino  acids  must  be  at  han 
before  any  one  food  product  can  be  evaluated;  otherwise,  th 
possibility  exists  that  the  amino  acid,  or  acids,  for  which  n 
analysis  is  available  may  be,  or  include,  the  amino  acid  limitin 
the  nutritive  value  of  the  contained  proteins. 

When  the  ultimate  goal  of  amino  acid  analysis  of  food  protein 
is  attained,  it  will  be  possible  from  the  data  secured  on  man; 
foods  to  predict  which  are  the  best  in  supplying  the  needs  of  th 
body  for  the  essential  amino  acids,  in  so  far  as  these  needs  ar 
known,  and  in  particular  to  predict  which  protein  mixtures  i 
individual  foods  will  correct  best  each  other’s  deficiencies  in  es 
sential  amino  acids.  But  these  predictions  cannot  be  expresse 
quantitatively  nor  can  they  be  made  with  any  great  assuranc* 
because  the  chemical  picture  of  food  proteins  is  inevitably  altere* 
and  distorted  by  biological  factors  before  a  true  picture  of  nutri 
tional  quality  is  secured. 

The  disturbing  biological  factors  that  impair  the  usefulness  h 
practical  nutrition  of  a  knowledge  of  the  amino  acid  contents  o 
foods  are  as  follows: 

The  digestibility  of  food  proteins  in  the  alimentary  tract  i 
largely  independent  of  amino  acid  composition,  and  may  bi 
determined,  as  Mendel  and  Fine  showed  many  years  ago  ( 15-19 
by  the  constituents  of  foods  other  than  protein.  The  digestive 
apparatus  of  the  animal,  though  remarkably  efficient  under  th* 
most  favorable  conditions  in  reducing  dietary  protein  to  it 
ultimate  building  stones,  may  be  impeded  and  frustrated  in  it 
operation  by  those  nonprotein  constituents  of  food  that  success 
fully  resist  its  attack  (the  cellulosic  and  hemicellulosic  compo 
nents  in  particular),  while  preventing  complete  access  of  the  pro 
teolytic  enzymes  to  their  proper  substrates. 

The  indigestible  residue  of  food  protein  may  not  be  represents  , 
tive  in  its  amino  acid  constitution  of  the  food  from  which  it  wai 
derived.  This  may  be  inferred  from  the  known  differences  in  th* 
ease  with  which  different  peptide  linkages  are  split  by  the  diges 
tive  enzymes.  An  instance  in  point  was  reported  by  Jones  ant 
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Waterman  (IS)  in  their  study  of  the  digestion  in  vitro  of  arachin, 
ie  chief  protein  of  the  peanut. 

,  The  amino  acids  are  liberated  from  food  protein  in  digestion, 
pt  evenly,  but  at  different  rates  characteristic  of  the  amino 
jid,  or  of  the  manner  of  its  linkage  in  the  protein  molecule  (12, 
?).  They  are  also  absorbed  into  the  blood  at  different  rates  (5). 
The  fate  of  the  end  products  of  protein  digestion  in  metabolism 
not  determined  solely  by  their  suitability  in  meeting  the  needs 
'  the  tissues  for  anabolic  purposes.  The  tissues  are  also  con- 
nually  in  need  of  energy  in  the  performance  of  physiological 
ork.  The  organic  nutrients  serve  interchangeably  in  the  meta¬ 
llic  mixture  from  which  this  energy  is  extracted.  Amino  acids 
suiting  from  protein  digestion  are  thus  inevitably  drawn  into 
le  oxidative  reactions  of  the  body  in  proportion  to  their  rela¬ 
ve  concentrations  in  the  influx  to  the  tissues  of  the  end  products 
f  digestion  (21,  24),  and  probably  also  in  proportion  to  their 
dative  susceptibility  to  oxidation  with  reference  to  each  other 
id  to  that  of  sugars  and  lipids. 

In  view  of  the  factors  listed  above,  it  would  be  remarkable 
ideed  if  the  mixture  of  amino  acids  that  is  ultimately  available 
>  the  tissues  for  synthesis  of  proteins  and  other  nitrogenous 
ssue  constituents  were  closely  similar  to  the  mixture  of  amino 
•ids  present  in  the  food  as  consumed.  Deficiencies  in  the  latter 
ould  of  course  persist  through  all  these  vicissitudes,  but  excesses 
certain  amino  acids  may  be  wiped  out,  while  proportions  of 
hers  that  were  originally  adequate  may  develop  into  deficiencies. 

It  seems  fair  to  conclude  that  the  amino  acid  analysis  of  food 
-oteins  may  yield  information  of  great  significance  concerning 
leir  nutritive  values  and  their  interrelationships  in  the  diet, 
fit  that  such  an  analysis  cannot  take  the  place  of  a  biological 
isay.  It  is  doubtful  that  an  amino  acid  analysis  of  foods  can 
easure,  or  explain,  the  changes  in  nutritive  value  that  occur 
iring  storage  and  heat  processing,  especially  an  improvement 
i  nutritive  value  such  as  many  legume  proteins  undergo  on  heat 
•eatment. 

GROWTH-PROMOTING  VALUE  OF  FOOD  PROTEINS 

Of  the  biological  assays  of  food  proteins  in  current  use,  the 
ost  popular  undoubtedly  is  the  determination  with  young  al- 
ino  rats  of  the  ratio  of  gain  in  body  weight  to  protein  consumed 
uring  a  4-  to  6-week  period  on  diets  containing  variable  con- 
•ntrations  of  protein  such  that,  ordinarily,  the  concentration 
$ed  is  inadequate  to  promote  maximal  growth,  being  otherwise 
>mplete.  The  method  is  a  simplification  of  one  proposed  25 
cars  ago  by  Osborne,  Mendel,  and  Ferry  (33).  The  original 
iethod  proposed  that  food  proteins  be  compared  by  determining 
le  maximum  ratio  of  gain  in  weight  to  protein  consumed  among 
itios  secured  by  varying  the  concentration  of  protein  in  the 
cperi mental  diet.  This  maximum  ratio  for  casein  was  2.25 
t  a  protein  level  of  12%,  and  for  lactalbumin,  3.01  at  a  protein 
•vel  of  7.9%. 

The  simplified  method  in  common  use  has  served  a  useful  pur- 
ose  in  comparisons  of  protein  “quality”  in  the  biological  sense 
mong  many  food  products  studied.  For  many  purposes,  it  is 
robably  satisfactory,  though  its  most  appealing  characteristic 
i  its  simplicity.  Requiring  no  control  of  the  food  intake  of  the 
t  peri  mental  animals  and  no  other  measurements  than  the  period- 
;al  taking  of  body  weights,  it  seems  to  be  an  ideal  technique 
'hen  comparisons  of  large  numbers  of  food  products  are  to  be 
lade. 

The  method  was  subjected  to  critical  scrutiny  in  a  paper  pub- 
shed  by  the  author  20  years  ago  (23).  In  the  present  connection 
;  may  be  well  to  restate  the  implications  of  the  method,  but  to 
iscuss  them  mainly  in  the  light  of  information  revealed  since  the 
ublication  of  this  review. 

In  crediting  dietary  protein  only  with  the  growth  induced  in 
xperimental  animals  and  in  permitting  an  unlimited  consump- 
ion  of  food,  the  method  implies  that  there  is  no  requirement  of 
rotein  for  the  mere  maintenance  of  life,  since  only  on  such  an 
ssumption  would  it  be  expected  that  a  constant  ratio  of  gain  in 
'eight  to  protein  eaten  would  be  obtained  regardless  of  the  in- 
ake  of  protein.  The  reality  of  this  implication  would  be  diffi- 
ult  to  defend  at  the  present  time,  especially  in  view  of  Osborne 


and  Mendel’s  determinations  (32)  of  maintenance  requirements 
for  various  wheat  proteins  and  the  more  extensive  work  of  Smuts 
(35).  If  the  implication  is  wrong,  one  would  expect  the  ratio  of 
gain  in  weight  to  protein  consumed  to  increase  on  the  same  diet 
as  the  intake  of  protein  (food)  increases,  since  with  the  greater 
intake  of  protein,  a  greater  proportion  of  it  would  be  available  for 
growth.  Hoagland  and  Snider  (9)  found  this  to  be  true  in  that 
male  rats,  consuming  larger  amounts  of  food  than  female  rats 
and  consequently  growing  faster,  exhibited  almost  always  the 
larger  ratio  of  gain  to  protein  eaten.  Stewart  and  associates  (36) 
found  that  a  restriction  of  the  food  intake  of  rats  lowered  con¬ 
siderably  the  ratio  of  gain  to  protein  eaten  for  the  same  protein 
source.  Thus,  for  rolled  oats  the  ratio  averaged  1.52  under 
conditions  of  ad  libitum  feeding,  but  only  1.14  when  the  protein 
(food)  consumption  was  restricted  by  about  40%.  Of  the  same 
significance  is  the  fact  that  the  ratio  was  almost  twice  as  variable 
with  unrestricted  feeding  as  with  equalized  feeding,  the  standard 
deviations  being,  respectively,  0.167  and  0.094. 

The  method  of  measuring  protein  quality  by  an  efficiency  ratio 
of  growth  to  protein  eaten  implies  that  the  protein  content  of  the 
gains  in  body  weight  of  growing  animals  is  constant  regardless  of 
the  age  or  size  of  animal,  the  quality  of  the  protein,  or  the  rate 
of  growth.  To  the  extent  that  the  gains  differ  in  their  content  of 
protein,  fat,  and  water  they  do  not  represent  equal  nutritive  ef¬ 
fects,  and  hence  are  not  comparable.  For  example,  it  would  be 
expected  that  a  gram  of  dietary  protein  would  induce  a  greater 
gain  in  body  weight  of  an  animal  if  this  gain  contained  15%  of 
protein  than  if  it  contained  20%,  assuming  that  other  growth 
essentials  are  present  in  adequate  amounts.  In  scientific  investi¬ 
gations  with  farm  animals  it  is  generally  recognized  that  live 
weight  increase  is  not  a  reliable  measure  of  nutritive  effect,  a 
point  discussed  by  Armsby  (2,  pp.  196-9)  as  early  as  1917 
Since  then  evidence  of  the  variable  composition  of  live  weight 
gains  has  been  presented  by  Mitchell  and  Carman  (26)  for  rats, 
and  by  Fraps  and  Carlyle  (7)  for  chickens.  Hamilton  (8)  has 
shown  that  the  live  weight  gains  of  growing  rats,  when  put  on  at 
the  same  rate,  may  vary  in  their  content  of  protein  and  energy 
with  varying  levels  of  the  same  dietary  protein,  while  Kik  (14) 
proved  that  two  proteins  differing  in  nutritive  value  and  fed  in 
such  amounts  to  growing  rats  receiving  equal  amounts  of  total 
food  as  to  induce  equal  gains  in  body  weight,  may  produce  dif¬ 
ferent  proportions  of  protein  in  the  body  weight  gains,  the  better 
protein  producing  the  higher  content  of  this  nutrient  in  the  gains 
secured.  There  is  a  distinct  tendency  for  the  more  rapid  gains  in 
body  weight  to  have  the  greater  content  of  fat  and  the  smaller 
content  of  protein,  as  Mitchell  (22)  has  demonstrated  for  cattle 
and  Ellis  and  Zeller  (6)  for  pigs. 

The  disturbing  effect  of  a  variable  composition  of  body  weight 
gains  in  the  interpretation  of  a  protein  nutrition  experiment  is 
well  illustrated  by  an  experiment  reported  from  the  author’s 
laboratory  (3)  concerned  with  the  comparative  nutritive  value  of 
the  protein  of  milk  curd  and  of  the  cheeses  produced  from  it  by 
various  types  of  ripening.  When  fed  in  equal  amounts  in  paired- 
feeding  tests,  the  protein  of  Limburger  cheese  was  found  to  be 
equal  to  that  of  fresh  milk  curd  in  growth-promoting  value,  al¬ 
though  it  was  definitely  less  digestible  and  possessed  a  lower  bio¬ 
logical  value.  The  explanation  lay  in  the  composition  of  the 
body  weight  gains:  the  gains  put  on  by  the  Limburger  cheese 
ration  were  definitely  lower  in  protein  content  and  higher  in  their 
fat  content,  than  the  gains  produced  on  the  milk-curd  ration. 
In  the  same  sort  of  tests,  Swiss  cheese  protein  proved  superior  to 
milk  curd  in  growth-promoting  value,  though  no  better  in  bio¬ 
logical  value  and  definitely  inferior  in  digestibility.  An  analogous 
difference  in  the  composition  of  body  weight  gains  between  the 
cheese  ration  and  the  milk-curd  ration  must  have  occurred. 

Thus,  the  two  clear  implications  of  this  method  for  the  bio¬ 
logical  assay  of  protein  quality  in  nutrition  are  untenable.  Some 
evidence  of  the  seriousness  of  these  basic  errors  in  producing 
variation  in  the  ratio  of  body  weight  gain  to  protein  intake  has 
been  given  above.  The  situation  may  be  further  pictured  by  the 
hypothetical  illustrations  given  in  Table  I,  showing  to  what  ex- 
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Tabic  I.  Effect  of  Increasing  Intake  of  Same  Diet  on  Ratio  of  Body 
Weight  Gain  to  Protein  Intake 


Case  1 

Case  2 

Case  3 

Case  4 

Case  5 

Weight  of  rat,  grams 

50 

50 

50 

50 

50 

Daily  food,  grams 

4 

5 

6 

7 

8 

Daily  protein,  mg. 

400 

500 

600 

700 

800 

Protein  for  maintenance,  mg. 

200 

200 

200 

200 

200 

Protein  for  growth,  mg. 

200 

300 

400 

500 

600 

Net  protein  for  growth,  mg. 

110 

165 

220 

275 

330 

Protein  content  of  gain,  % 

23 

22 

21 

20 

19 

Daily  gain,  grams 

Gain  per  gram  of  protein 

0.48 

0.75 

1.05 

1.37 

1.74 

eaten,  grams 

1.20 

1.50 

1.75 

1.96 

2.17 

tent  the  ratio  may  be  changed  by  changing  food  intake,  although 
the  utilization  of  the  dietary  protein  remains  unaltered. 

In  each  of  the  five  illustrations,  the  weight  of  rat  is  the  same, 
but  the  daily  consumption  of  food  increases  from  4  to  8  grams. 
The  diet  in  all  cases  is  the  same  and  contains  10%  of  whole  wheat 
protein.  The  protein  requirement  for  maintenance  for  this  pro¬ 
tein  was  found  by  Osborne  and  Mendel  (32)  to  approximate  3 
mg.  per  gram  of  rat  per  day.  This  requirement  has  been  raised  to 
4  mg.  because  at  a  10%  level  in  the  diet,  utilization  in  metabolism 
is  less  (21,  24).  The  wheat  protein  in  all  cases  is  assumed  to  be 
85%  digestible  and  to  have  a  biological  value  of  65%  (27),  the 
“net  protein”  thus  amounting  to  55%  (0.85  X  0.65  =  0.55)  of 
the  total  protein.  The  protein  content  of  the  body  weight  gains 
is  assumed  to  decrease  from  23  to  19%  as  the  food  intake  and  the 
rate  of  growth  increase,  in  conformance  with  evidence  cited  above. 

These  assumptions  seem  reasonable  and  to  a  large  extent  are 
based  upon  experimental  evidence.  They  lead  to  the  expectation 
that  the  ratio  of  body  weight  gain  to  protein  eaten  may  be  changed, 
for  a  whole  wheat  diet  containing  10%  of  protein,  from  1.20  to 
2.17  by  merely  increasing  the  intake  of  food.  This  demonstra¬ 
tion  accounts  for  the  large  experimental  error  to  which  the  ratio 
is  subjected  under  conditions  of  ad  libitum  feeding.  It  also  in¬ 
dicates  clearly  that  this  method  of  assaying  protein  quality  will 
definitely  tend  to  exaggerate  differences  in  this  respect  among 
different  protein  foods,  because  the  rations  containing  the  better 
protein  foods  will  generally  be  consumed  in  the  larger  amounts 
and  will  thus  be  given  an  undue  advantage  over  the  poorer  pro¬ 
tein  foods.  Equating  the  food  intakes  of  rats  on  comparable 
diets  will  overcome  this  effect,  but  the  uncertainty  concerning  the 
protein  content  of  body  weight  gains  is  inherent  in  the  method. 

In  brief,  this  method  of  assaying  food  protein  biologically  may 
be  expected  to  exaggerate  quality  differences  among  proteins 
when  these  are  considerable,  and  to  obscure  them  when  they  are 
inconsiderable,  on  account  of  the  large  experimental  error  to 
which  the  method  is  subject  as  it  is  ordinarily  employed. 

BIOLOGICAL  ASSAY  OF  FOOD  PROTEINS  BY  MEANS  OF  NITROGEN 
METABOLISM  STUDIES 

This  method  was  first  introduced  by  Thomas  (37)  in  1909,  and 
was  later  adapted  to  the  growing  rat  by  Mitchell  (20).  Many 
modifications  in  the  method  have  since  been  made  (25, 

28).  It  is  based  upon  the  fact  that  protein  is  the  only 
considerable  source  of  dietary  nitrogen  and  that  the  disposi¬ 
tion  of  protein  within  the  body  of  an  animal  can  be  followed 
with  considerable  accuracy  by  determining  the  intake  and 
fecal  and  urinary  excretion  of  nitrogen.  When  this  is  done 
under  carefully  selected  and  controlled  conditions,  it  is 
possible  to  compute  from  the  data  secured  (a)  the  digesti¬ 
bility  of  the  protein,  (b)  its  utilization  in  metabolism  for 
all  purposes,  expressed  as  a  percentage  called  by  Thomas 
the  “biological  value”,  and  (c)  the  “net  protein  content” 
of  the  food  assayed,  equal  to  the  total  content  times  the 
digestion  coefficient  (expressed  as  a  decimal)  times  the 
biological  value  (also  expressed  as  a  decimal). 

Unlike  the  biological  assay  method  previously  con¬ 
sidered,  this  method  credits  the  dietary  protein  with  all 
its  characteristic  functions  in  the  body,  maintenance  as 
well  as  growth  in  the  growing  rat,  and  it  directly  deter¬ 


mines  the  storage  of  protein  in  growth  rather  than  assumes  tha; 
this  storage  is  proportional  to  body  weight  gains.  Furthermore 
its  accuracy  is  such  (25)  that  it  can  detect  differences  in  digesti 
bility  and  biological  value  of  proteins  of  a  magnitude  of  two  o 
three  percentage  units.using  a  battery  of  only  10  animals. 

An  illustration  of  its  value  in  detecting  changes  in  the  nutri 
tive  value  of  a  food  protein  (soybean  proteins)  during  storage  i 
afforded  by  the  data  summarized  in  Table  II. 

The  soybeans  used  in  this  test  were  of  the  Illini  variety  and  thi 
1942  crop.  They  were  stored  at  a  temperature  @f  78°  to  80°  F 
in  air-tight  containers,  either  whole  or  as  a  ground  defatted  mea 
that  had  been  heated  in  the  autoclave  for  1.5  hours  at  17  pound 
steam  pressure.  After  8.5  months,  and  again  after  12  months 
storage,  containers  of  both  whole  beans  and  autoclaved  mea 
were  opened  and  tested  for  protein  quality  by  the  nitrogen  bal 
ance  method.  The  whole  beans  before  testing  were  ground,  ex 
tracted  with  ether,  and  heated  for  1.5  hours  in  the  autoclave  a 
17  pounds’  pressure — i.e.,  the  same  treatment  to  which  the  mea 
had  been  subjected  prior  to  storage. 

The  results  indicate  that  after  8.5  months’  storage,  the  protein, 
in  the  beans  stored  whole  with  no  pretreatment  had  suffered  i 
marked  decrease  in  digestibility,  averaging  7  percentage  units 
and  an  even  more  marked  decrease  in  biological  value,  averagin; 
11  percentage  units,  as  compared  with  the  beans  ground  anc 
heated  prioi*  to  storage.  Both  differences  were  statistically  signifi 
cant.  At  the  end  of  12  months’  storage,  the  difference  in  digesti 
bility  between  the  two  products  was  still  distinct,  but  a  clea 
difference  in  biological  value  was  not  demonstrated,  possibh 
because  of  two  erratic  biological  values  secured  for  the  grounc 
meal.  The  results  confirm  and  extend  those  reported  by  Jone: 
and  Gersdorff  (11),  who  reported  a  drop  in  the  digestibility  ii 
vitro  of  the  proteins  of  soybeans  on  storage. 

The  results  of  a  similar  test  on  corn  proteins  are  summarize! 
in  Table  III.  In  this  test  the  corn  was  stored  either  whole  o 
ground,  but  with  no  preheating.  The  method  of  storing  evi 
dently  had  no  effect,  either  on  the  digestibility  or  the  biologica 
value  of  the  corn  proteins,  but  storage  for  8  months  depressec 
equally  the  biological  value  of  the  proteins  in  corn  stored  who! 
or  ground,  while  leaving  the  digestibility  unaffected.  From  thi: 
outcome,  one  might  conclude  that,  in  the  soybean  test,  it  was  th< 
preheating,  rather  than  the  grinding,  that  exerted  the  stabilizin; 
effect  on  the  proteins  during  storage.  The  results  on  corn  do  no 
harmonize  entirely  with  those  reported  by  Jones,  Divine,  anc 
Gersdorff  (10). 

NET  PROTEIN  VALUE  OF  FOOD  PRODUCTS 

While  the  nitrogen  balance  method  for  the  biological  assay  o 
protein  quality  distinguishes  between  losses  of  nitrogen  in  the! 
digestive  and  in  the  metabolic  processes  of  the  animal  body,  then 
are  distinct  advantages  in  securing  in  a  single  figure  an  appraisa 
of  the  value  of  a  food  as  a  source  of  dietary  protein.  Such  a  figun 
should  involve  not  only  the  biological  value  of  the  protein  and  it: 
digestibility,  but  also  its  original  content  of  “conventional’1 


Table  II.  Changes  in  Digestibility  and  Biological  Value  of  Proteins 
of  Soybeans  during  Storage 

(All  determinations  made  on  beans  after  autoclaving) 

Soybeans  Stored  8.5  Months  Soybeans  Stored  12  Months 


Whole, 

Unheated 


Ground, 

Autoclaved 


Whole, 

Unheated 


Ground, 

Autoclaved 


True 

Bio¬ 

True 

Bio¬ 

True 

Bio¬ 

True 

Bio¬ 

Rat 

digest¬ 

logical 

digest¬ 

logical 

Rat 

digest¬ 

logical 

digest¬ 

logical 

No. 

ibility 

value 

ibility 

value 

No. 

ibility 

value 

ibility 

value 

% 

% 

% 

% 

% 

% 

% 

% 

292 

77 

65 

85 

80 

337 

78 

60 

295 

78 

61 

83 

71 

340 

79 

67 

85' 

7i' 

298 

76 

61 

86 

73 

343 

80 

67 

82 

82 

301 

77 

61 

84 

70 

346 

77 

70 

85 

67 

304 

84 

61 

85 

71 

349 

81 

66 

83 

52 

293 

82 

64 

88 

72 

338 

79 

78 

85 

73 

296 

79 

65 

85 

74 

341 

81 

68 

84 

67 

299 

75 

59 

84 

71 

344 

79 

62 

86 

68 

302 

76 

60 

87 

76 

347 

81 

60 

84 

76 

305 

79 

69 

86 

79 

350 

79 

63 

82 

67 

Av. 

78.3 

62.6 

85.3 

73.7 

79.4 

66.1 

84.0 

68.2 
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rotein — i.e.,  N  X  6.25.  Such  a  value  was  proposed  by  the 
uthor  and  Carman  ( 27 )  many  years  ago,  and  has  been  called  the 
inet  protein  value”  of  the  food  which  may  be  computed  on  the 
ry  basis  or  on  the  fresh  basis,  as  in  the  tabulation  below: 


Total 

Digest¬ 
ibility  of 

« 

Digestible 

Biological 

Net 

Food 

Protein 

Protein 

Protein 

Value 

Protein 

% 

% 

% 

% 

% 

ggs 

13.4 

100 

13.4 

93 

12.5 

ean  ham 

19.8 

100 

19  8 

74 

14.6 

rheat 

12.5 

91 

11.4 

67 

7.6 

)ybeans 

32.8 

84 

27.6 

72 

19.9 

jybeans,  stored  for 

8 . 5  months 

32.8 

78 

25  6 

63 

16.1 

The  net  protein  values  as  thus  computed  are  mainly  of  com- 
arative  significance,  because  of  the  variation  to  which  biological 
alues  are  subject  as  the  level  of  protein  in  the  diet  changes. 


CRITIQUE  OF  THE  NITROGEN  BALANCE  METHOD  OF  ASSAY  OF 
FOOD  PROTEIN 

Measurements  of  protein  digestibility  and  of  the  biological 
alue  of  the  absorbed  protein  must,  in  the  present  state  of  bio- 
lemical  technique,  be  expressed  in  terms  of  nitrogen.  This  is 
it  the  most  satisfactory  situation,  because  all  food  nitrogen  is 
at  in  the  form  of  protein,  or  amino  acids,  or  amino  acid  deriva- 
ves,  nor  is  the  nitrogen  of  the  tissues  present  there  only  in  such 
>mpounds  as  these.  However,  the  ambiguity  introduced  into 
easurements  of  protein  digestibility  and  biological  value  by 
nploying  nitrogen  as  a  conventional  equivalent  of  protein  is  not 
merally  large.  Certainly  no  substitute  procedure  can  claim  to 
3  as  satisfactory.  Perhaps  a  more  serious  objection  to  this  em- 
lasis  upon  protein  nitrogen  is  that  it  neglects  the  function  of 
etary  protein  of  providing  the  body  with  comparatively  large 
nounts  of  readily  available  phosphorus,  which  is  not  an  integral 
xrt  of  the  amino  acid  structure. 

The  nitrogen  balance  method  of  assessing  protein  quality  was 
oposed  by  Thomas  at  a  time  when  Folin’s  theory  of  protein 
etabolism,  with  its  sharp  distinction  between  exogenous  and 
idogenous  metabolism,  was  commonly  accepted.  In  assuming  a 
mstant  (biologically  speaking)  erosion  of  nitrogenous  material 
om  the  animal  body,  commensurate  with  the  maintenance  re- 
iirement  of  protein,  the  method  tacitly  assumes  the  reality  of 
olin’s  endogenous  catabolism.  However,  the  work  of  Schoen- 
fimer  and  his  associates  on  amino  acid  metabolism  using  the 
itrogen  isotope  may  seem  to  cast  doubt  upon  any  assumption  of 
us  nature.  These  revolutionary  investigations  swept  away  all 
larp  distinctions  between  the  endogenous  and  the  exogenous 
letabolism  that  form  the  basis  of  Folin’s  theory  of  protein 
etabolism.  They  afford  a  convincing  picture  of  the  dynamic 
juilibrium  existing  between  the  tissue  proteins  and  the  amino 
fids  of  dietary  origin  in  the  circulating  fluids  of  the  body.  How- 
rer,  they  do  not  change  the  significance  of  the  end  results  of 
rotein  metabolism  as  revealed  by  such  a  nitrogen  balance  study 
i  would  be  undertaken  in  the  course  of  securing  digestion  coeffi- 
ents  and  biological  values  according  to  the  Thomas  method  or 
ime  modification  of  it.  The  nitrogen  in  the  urine  on  a  nitrogen- 
ee  diet  still  represents  a  minimum  or  basal  level  of  nitrogen 
ss  from  the  tissues,  bearing  a  relationship  to  the  basal  metabo- 
sm  of  energy  (35).  Considerable  circumstantial  evidence  can  be 
ted  to  the  effect  that  this  basal  rate  of  nitrogen  output  in  the 
fine  continues  at  a  constant  level,  biologically  speaking,  during 
•gimes  of  adequate  protein  nutrition. 

One  of  the  most  convincing  bits  of  evidence  of  this  description 
ay  be  found  in  a  publication  by  Ackerson  and  Blish  ( 1 )  on  the 
filization  of  the  protein  of  corn  by  hens.  Nonmolting  hens 
icreted  an  average  of  143  mg.  of  nitrogen  per  kg.  of  body  weight 
ir  day  on  a  nitrogen-free  diet,  while  molting  hens  on  the  same 
et  excreted  217  mg.  However,  assuming  that  these  greatly 
fferent  values  for  the  constant  catabolism  of  nitrogen  persisted 
lring  periods  of  feeding  a  corn  diet,  the  same  average  biological 


value  of  68  was  obtained  for  a  group  of  19  nonmolting  birds  and 
for  a  group  of  8  molting  birds. 

The  urinary  nitrogen  during  periods  when  test  proteins  are 
being  fed  consists  definitely  of  two  fractions,  one  the  constant 
contribution  from  the  tissues,  and  the  other  related  to  the  level 
of  protein  feeding  and  the  efficiency  with  which  the  absorbed 
amino  acids  satisfy  the  prevailing  requirements  of  amino  acids 
by  the  tissues.  This  fraction  is  partly  of  tissue  origin  and  partly 
of  dietary  origin,  because  of  the  dynamic  relation  existing  be¬ 
tween  tissue  proteins  and  dietary  amino  acids.  But  this  dy¬ 
namic  relationship  is  not  anarchistic  in  character.  Through  the 
welter  of  reactions  in  which  the  tissue  proteins  are  involved, 
the  cells  and  organs  of  the  adult  body  retain  their  original  form 
and  size  and  the  chemical  structures  of  the  protein  molecules 
emerge  unchanged,  as  Schoenheimer  and  Rittenberg  admit  (34). 
Discussing  the  many  interconversion  reactions  divulged  by  the 
isotope  method,  Moss  and  Schoenheimer  (SO)  believe  that  they 
cannot  be  regarded  “merely  as  steps  in  metabolic  degradation. 
They  seem  rather  to  represent  automatic  and  noninterruptable 
biochemical  processes,  of  synthesis  as  well  as  degradation,  which 
are  balanced  by  an  unknown  regulatory  mechanism  so  that  the 
total  amount  of  the  body  material  and  its  composition  do  not 
change.” 


Table  III.  Changes  in  Digestibility  and  Biological  Value  of  Protein 
(Nitrogen)  of  Corn  (U.  S.  Hybrid  13)  during  Storage 


Before  Storage 


True 

Bio¬ 

Rat 

digest¬ 

logical 

Rat 

No. 

ibility 

value 

No. 

% 

% 

259 

90 

72 

322 

261 

91 

62 

325 

263 

93 

69 

328 

265 

94 

68 

331 

267 

93 

69 

334 

260 

90 

62 

323 

262 

89 

61  X 

326 

264 

95 

55 

329 

266 

92 

62 

332 

268 

96 

69 

335 

Av. 

92.3 

64.9 

After  Storage  for  8  Months 


Stored  Whole 

Stored  Ground 

True 

Bio¬ 

True 

Bio¬ 

digest¬ 

logical 

digest¬ 

logical 

ibility 

value 

ibility 

value 

% 

% 

% 

% 

91 

53 

92 

60 

92 

54 

92 

60 

93 

57 

94 

60 

91 

56 

91 

55 

89 

52 

90 

62 

92 

60 

91 

60 

93 

67 

90 

59 

93 

58 

91 

54 

92 

61 

91 

56 

91 

59 

91 

60 

91.7 

57.7 

91.3 

58.6 

The  “exogenous  nitrogen”  of  the  urine,  to  use  the  obsolete 
term  of  Folin,  is  thus  both  of  tissue  and  of  diet  origin,  but  the 
rate  of  its  excretion  can  nevertheless  be  assumed  to  depend  solely 
upon  the  level  of  protein  intake  and  upon  the  extent  to  which 
the  dietary  protein  is  used  in  the  replacement  of  tissue  losses  of 
nitrogen  in  the  adult  animal.  In  the  growing  animal  the  “exo¬ 
genous  nitrogen”  of  the  urine  will  be  reduced  to  the  extent  that 
dietary  amino  acids  are  used  in  the  elaboration  of  new  tissue  in 
growth.  To  all  intents  and  purposes,  therefore,  this  fraction  of 
the  urine  nitrogen  measures  the  wastage  of  dietary  nitrogen  in 
metabolism  under  the  conditions  of  diet  control  imposed  in  a 
well-considered  determination  of  the  biological  value  of  protein. 

The  essential  accuracy  of  the  assumptions  upon  which  this 
determination  is  based  has  been  tested  in  the  author’s  laboratory 
by  comparison  with  a  method  of  measuring  protein  quality  that 
does  not  involve  these  assumptions.  The  results  obtained  in 
tests  upon  two  protein  sources  were  found  to  agree  satisfactorily 
(25).  The  reproducibility  of  results  secured  at  different  times 
upon  the  same  protein  source  is  also  satisfactory  as  the  method  is 
used  in  this  laboratory,  although  very  occasionally  unaccount¬ 
able  erratic  values,  such  as  three  of  those  listed  in  Table  II,  are 
obtained.  Any  method  of  biological  assay  of  food  products  may 
thus  go  “haywire”  on  occasion. 

NITROGEN  REPLACEMENT  VALUES 

Murlin  and  his  associates  (31)  have  introduced  a  new  method 
of  interpreting  nitrogen  balance  data  relating  to  the  utilization 
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Table  IV.  Replacement  Values  of  Protein  of  Exploded  Wheat"  on 
Proteins  of  Unprocessed  Wheat6 


Daily  Nitrogen  Daily  Nitrogen 

Intake _ _ Balance 


Pair 

Rat 

Ex¬ 

ploded 

Unproc¬ 

essed 

Aver- 

Ex¬ 

ploded 

Unproc¬ 

essed 

Differ- 

place¬ 

ment 

Period  No. 

No. 

wheat 

wheat 

age 

wheat 

wheat 

ences 

Values 

1,  6%  protein  1 

1 

Mg. 

150 

Mg. 

Mg. 

Mg. 

-3.5 

Mg. 

Mg. 

% 

in  diets 

2 

159 

155 

17.3 

20.8 

86 

2 

3 

134 

-8.9 

4 

142 

138 

9.3 

18.2 

87 

3 

5 

134 

15.4 

6 

142 

138 

5.4 

-10.0 

107 

4 

7 

134 

-5.8 

8 

142 

138 

12.1 

17.9 

87 

5 

9 

134 

-14.4 

10 

i42 

138 

5.9 

20.3 

85 

II,  4%  protein  1 
in  diets 

1 

2 

88 

87 

87 

—  26  *3 

-15.8 

io'5 

88 

2 

3 

78 

-17.0 

4 

79 

78 

-34.8 

17.8 

77 

3 

5 

61 

-25.5 

6 

62 

ei 

-34.6 

9.1 

86 

4 

7 

89 

-7.9 

6 

8 

90 

89 

-31.5 

23.6 

74 

9 

95 

-18.2 

10 

96 

95 

-29.1 

10.9 

89 

•  Av. 

*  "Puffed  Wheat”,  Quaker  Oats  Co. 

®  Test  carried  out  with  aid  of  funds  from  General  Mills,  Inc. 

86.8 

of  protein  in  nutrition  that  possesses  the  advantage  of  removing 
the  need  of  a  standardizing  period  for  the  determination  of  the 
body’s  contribution  to  the  fecal  and  urinary  nitrogen.  It  was 
devised  especially  for  use  in  experiments  on  human  subjects, 
for  whom  low-protein  diets  are  extremely  unpalatable.  The 
method  simply  compares  the  nitrogen  balances  of  adult  experi¬ 
mental  subjects  on  the  same  intake  of  nitrogen  from  the  food 
under  test  and  in  another  period,  from  a  reference  protein  of 
high  nutritive  value,  such  as  the  protein  of  milk  or  of  egg. 

The  method  may  be  applied  to  such  a  problem  as  that  of  the 
injury  to  food  protein  brought  about  by  heat  processing.  In 
Table  IV,  the  method  has  been  used  to  assess  the  extent  of  heat 
injury  induced  in  the  whole  wheat  kernel  by  subjecting  it  to  the 
“gun  explosion”  method  of  preparing  a  breakfast  food.  Five 
pairs  of  adult  rats  have  been  carried  through  two  nitrogen  metab¬ 
olism  periods,  one  rat  in  each  pair  receiving  its  protein  from  proc¬ 
essed  wheat  and  the  other  rat  in  equal  amounts  from  unproc¬ 
essed  wheat.  In  the  second  metabolism  period  the  sources  of 
protein  for  the  paired  rats  were  reversed.  The  replacement 
values  given  in  the  last  column  of  the  table  indicate  the  extent 
of  heat  injury  and  were  computed  by  the  formula 

R.V.  =  100  -  [El  J  Bl  X  100] 
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in  which  Bx  is  the  nitrogen  balance  of  the  rat  subsisting  on  the 
unprocessed  wheat  diet,  J5S  is  the  nitrogen  balance  of  its  pair  mate 
subsisting  on  the  processed  wheat  diet,  and  I  is  the  average  of 
the  nitrogen  intakes  of  the  two  rats  in  the  pair,  which  should  be 
practically  the  same. 

The  average  replacement  value  of  86.8  shows  that  the  process¬ 
ing  of  wheat  by  the  gun  explosion  method  has  impaired  the 
protein  value  in  adult  rodent  nutrition  by  13.2%.  For  growing 
animals,  the  impairment  may  be  greater  than  this.  It  is  inter¬ 
esting  to  note  that,  with  adult  human  subjects,  Murlin,  Nasset, 
and  Marsh  (SI)  report  egg  replacement  values  of  70  and  57  for 
two  whole  wheat  cereals  (Ralston’s  Wheat  Cereal  and  Puffed 
Wheat)  subjected,  respectively,  to  mild  processing  and  to  the 
extreme  heat  of  the  gun  explosion  process.  The  latter  value  is 
81.4%  of  the  former,  equivalent  to  a  heat  injury  to  the  contained 
protein  of  18.6%. 
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WPB  Restrictions  on  Laboratory  Equipmen 

WPB  reduced  the  number  of  types  of  laboratory  equipment  tha 
may  be  sold  or  delivered  only  upon  authorization  by  amendment  t 
Order  L-144,  issued  October  22. 

Types  of  laboratory  equipment  which  are  in  short  supply  are  stil 
subject  to  control:  analytical  balances  (sensitivity  0.05  mg.  or  mor 
sensitive) ;  centrifuges  valued  at  more  than  $80  each ;  hydrogen-io: 
meters,  electrometric  type;  metalloscopes  and  metallographs;  micro 
scopes,  stereoscopic  wide  field;  Abbe  refractometers;  spectrograph 
(quartz),  spectrophotometers  (quartz),  and  spectrometers  (infrared) 
and  vacuum  pumps  (one  micron  or  higher  vacuum). 


Determination  of  Crude  Lipid  in  Vegetable  Matter 

JOHN  P.  NIELSEN  AND  G.  S.  BOHART,  Western  Regional  Research  Laboratory,  Albany,  Calif. 


method  is  proposed  for  extracting  crude  lipid  from  vegetable 
oducts.  The  complete  procedure  including  preparation  of  the 
mple  can  be  carried  out  in  a  relatively  short  time.  The  method 
elds  considerably  larger  quantities  of  crude  lipid  from  certain  types 
!  vegetable  material  such  as  immature  seeds  than  do  the  commonly 
cepted  procedures  for  crude  fat.  It  is  equally  well  adapted  to  wet 
dry  ground  products. 

A  EASUREMENT  of  maturity  in  vegetables  is  of  importance 
▼  1  to  the  grower,  processor,  and  consumer.  Maturity  at 
rvest  may  affect  yield  of  raw  product,  processing  behavior,  and 
lality  and  yield  of  final  product.  Many  vegetables  store 
irch,  which  can  be  measured  as  an  index  of  maturity.  Soy- 
:ans,  however,  do  not  store  starch,  and  sweet  corn  presents 
lalytical  difficulties  due  to  its  glycogen  content  (2).  These 
id  other  vegetables  increase  in  lipid  content  as  they  mature  and 
simple  method  for  the  determination  of  crude  lipid  might  serve 
an  index  of  maturity. 

In  common  methods  for  determining  crude  fat  or  ether  extract, 
e  sample  is  dried,  ground,  and  extracted  with  petroleum  ether 
r  a  number  of  hours.  In  some  cases  the  extracted  matter  is 
en  reground  and  the  extraction  repeated.  The  petroleum 
her  is  then  evaporated  and  the  extract  weighed.  These  pro- 
dures  are  time-consuming,  especially  in  the  case  of  material 
high  water  content  and  products  which  have  to  be  reground  in 
mortar  with  sand.  The  drying  of  the  samples,  particularly 
ose  which  are  immature  and  contain  highly  active  enzyme  sys1- 
ms,  may  introduce  errors  due  to  the  actions  of  these  enzymes 
the  elevated  temperatures  of  drying. 

A  method  by  which  an  analysis,  including  the  preparation  of 
e  sample,  can  be  carried  out  in  a  relatively  short  time  has  been 
iveloped  and  is  presented  here.  The  method  is  simple  and  in- 
•lves  the  use  of  standard  laboratory  equipment.  The  chief 
partures  from  common  methods  for  crude  fat  determination 
e:  the  use  of  a  Waring  Blendor  or  comparable  disintegrator 
r  comminuting  the  sample,  use  of  acetone  as  an  initial  extracting 
lvent,  and  elimination  of  extractors.  The  extract  is  taken  up 
th  petroleum  ether  in  the  latter  part  of  the  method;  the 
aterial  finally  weighed  is  only  that  which  is  soluble  in  petroleum 
her.  The  method  has  proved  highly  satisfactory  on  materials 
lalyzed  comparatively  by  both  procedures,  but  its  indiscriminate 
ie,  especially  on  hard  oil  seeds,  which  may  not  be  disintegrated 
r  the  proposed  procedure,  is  not  recommended. 

ANALYTICAL  PROCEDURE 

Reagents.  Redistilled  acetone.  Redistilled  petroleum  ether, 
filing  range  35°  to  59°  C.  (Skellysolve  F).  Sodium  chloride, 
ilter  aid. 

Apparatus.  Aside  from  beakers  the  only  apparatus  required 
a  Waring  Blendor  or  similar  device,  three  125-ml.  suction  flasks, 
’0  60-ml.  Buchner-type  funnels  with  fritted-glass  filter  disks  of 
edium  porosity,  and  a  source  of  vacuum. 

One  of  the  fritted-glass  filters  is  used  for  the  initial  aqueous- 
■etone  extraction  and  the  other  for  clarifying  petroleum  ether 
lutions  of  lipids.  Water  and  other  substances  contributing  to 
ie  turbidity  of  petroleum  ether  solutions  of  lipids  are  likely  to  be 
•awn  through  a  bare  fritted-glass  filter,  especially  if  a  high  vac- 
lm  is  employed.  To  ensure  a  clear  filtrate,  the  fritted  surface 
the  filter  is  coated  with  about  0.5  gram  of  Super  Cel  or  other 
litable  diatomaceous  earth,  and  a  low  vacuum  is  maintained  in 
ie  system  by  the  aid  of  a  bubble  bottle.  The  bubble  bottle  con- 
3ts  of  a  suction  flask  partly  filled  with  water  and  having  its  side 
ibe  connected  with  both  the  vacuum  line  and  the  filtering  sys- 
m.  A  glass  tube  which  passes  through  a  one-hole  stopper  in 
ie  flask  is  adjusted  so  that  its  lower  end  is  immersed  to  a  depth 
5  or  7.5  cm.  (2  or  3  inches)  in  the  water.  When  the  vacuum 
turned  on  until  bubbles  of  air  are  drawn  through  the  water,  a 
>nstant,  reduced  pressure  exists  in  the  system. 


Procedure.  Grind  100  grams  or  more  of  the  vegetable  with  an 
equal  weight  of  water  in  a  Waring  Blendor  for  3  to  5  minutes.  If 
dehydrated  products  are  to  be  used,  soak  6  to  8  hours  in  6  parts  of 
water  before  disintegrating. 

Weigh  5  grams  of  the  resulting  puree  in  a  10-ml.  beaker  and 
add  25  ml.  of  acetone  from  a  pipet,  stirring  constantly.  Transfer 
to  a  fritted-glass  filter  which  has  been  connected  by  a  cork 
stopper  with  a  suction  flask  and  apply  suction  until  the  liquid 
above  the  solids  has  been  drawn  into  the  flask,  but  interrupt  the 
vacuum  while  the  solids  still  appear  distinctly  wet. 

Wash  the  beaker  with  about  5  ml.  of  acetone,  scraping  most  of 
the  solids  from  the  sides  into  the  liquid,  and  pour  the  material 
into  the  filter.  Stir  the  contents  of  the  filter  with  a  glass  rod 
having  a  rounded  tip  and  apply  suction  as  before.  Wash  the 
cake  in  the  filter  with  4  more  5-ml.  portions  of  solvent,  stirring 
after  each  addition  and  interrupting  the  vacuum  before  each  new 
addition  of  acetone.  Suction  should  be  continued  after  the  last 
2  washings,  however,  until  the  cake  in  the  filter  appears  dry. 

Transfer  the  contents  of  the  suction  flask  to  a  250-ml.  beaker 
and  add  about  1  gram  of  sodium  chloride  to  prevent  the  forma¬ 
tion  of  emulsion  in  the  next  step.  Add  a  boiling  stone,  place  the 
covered  beaker  on  a  steam  bath,  and  evaporate  most  of  the 
acetone.  This  will  require  about  15  minutes.  Cool,  and  add  5 
ml.  of  petroleum  ether  from  a  pipet,  washing  down  the  sides  of 
the  beaker.  Rotate  gently  so  as  to  expose  all  the  lower  surface 
of  the  beaker  to  the  solvent,  until  masses  of  fat  have  disappeared. 
In  some  instances  this  may  require  several  minutes.  Carefully 
decant  the  petroleum  ether  layer  into  a  fritted-glass  filter  coated 
with  filter  aid  and  apply  mild  vacuum.  Repeat  the  petroleum 
ether  extraction  with  two  more  5-ml.,  portions. 

The  aqueous  salt  solution  still  retains  a  small  amount  of  lipid 
in  the  form  of  an  emulsion.  To  recover  this,  dissolve  by  adding 
5  ml.  of  acetone  and  then  replace  the  beaker  on  the  steam  bath 
to  evaporate  the  fat  solvent.  Most  of  the  formerly  emulsified 
lipid  will  now  be  found  floating  on  the  water  surface  or  adhering 
to  the  beaker  at  the  water  line.  Cool  and  extract  with  three 
more  5-ml.  portions  of  petroleum  ether  as  before.  Discard 
the  salt  solution  and  wash  the  lipid  from  the  outside  of  the  beaker 
lip  into  the  filter  with  petroleum  ether. 

After  the  filter  has  drained,  wash  it  with  five  1-ml.  portions  of 
solvent,  rotating  the  filter  after  each  addition  of  petroleum  ether 
to  bring  the  diatomaceous  earth  into  suspension.  The  rotating 
procedure  prevents  channeling  of  the  solvent.  In  most  instances, 
the  diatomaceous  cake  will  remain  sufficiently  porous  to  permit 
its  use  for  several  filtrations  without  renewal.  Transfer  the  con¬ 
tents  of  the  receiver  to  a  50-ml.  tared  beaker  and  evaporate  the 
solvent  by  placing  the  beaker  in  an  enameled  pan  on  a  steam  bath 
until  the  odor  of  petroleum  ether  has  disappeared.  Cool  the 
beaker  and  weigh.  (If  preferred,  a  tared  50-ml.  flask  can  be 
used  and  the  solvent  removed  by  connecting  with  vacuum  at 
room  temperature  until  constant  weight  is  obtained.  Results 
will  be  substantially  the  same  by  both  methods.) 


Table  I.  Typical  Crude  Lipid  Determinations  on  Undried,  Immature 
Soybeans  and  Sweet  Corn 


Sample 

Soybeans, 

Soybeans. 

Sweet  Corn, 

Sweet  Corn, 

No. 

Blanched 

Unblanched  Blanched 

Per  Cent  of  Crude  Lipid 

Unblanched 

1 

5.42 

4.79 

1.75 

0.98 

2 

5.43 

4.73 

1.74 

0.99 

3 

6.33 

4.70 

1.78 

0.96 

4 

5.38 

4.66 

1.72 

0.99 

RESULTS 

As  illustrated  in  Table  I,  results  of  crude  lipid  analyses  in 
quadruplicate  by  the  aqueous-acetone  method  are  in  good  agree¬ 
ment.  In  the  course  of  a  considerable  number  of  determinations 
on  soybeans,  sweet  corn,  and  lima  beans,  results  in  duplicate  sel¬ 
dom  differed  by  more  than  3%  of  the  total  crude  lipid  present. 
It  has  been  found,  however,  that  the  percentage  of  lipid  obtained 
by  this  method  is  consistently  higher  than  that  resulting  from 
extraction  with  petroleum  ether  in  the  Soxhlet  apparatus.  The 
lipid  ratio  for  the  two  methods  is  approximately  constant  for  any 
one  product,  but  may  vary  greatly  between  different  products  or 
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Table  II.  Extraction  of  Crude  Lipids  from  Various  Products  and 
Modifications  of  the  Same  Product 

'  B 


Product 

A 

Petro¬ 
leum 
Ether 
Extrac¬ 
tion  by 

Extrac¬ 
tion  of 
Thimble 
Residue 
by  Pro¬ 
posed 

C 

Extrac¬ 
tion  by 
Pro¬ 
posed 

i* 

C  - 
(A  +  B) 
C 

Soxhlet  Method  Method 
Per  cent  lipida 

100 

100 

Soybeans,  mature,  blanched 
Soybeans,  immature, 

18.56 

2.14 

21.23 

10.1 

+  2.5 

blanched 

Soybeans,  immature,  un- 

14.96 

3.03 

18.15 

16.8 

+  0.9 

blanched 

Sweet  corn,  immature, 
blanched 

•Sweet  corn,  immature,  un¬ 
blanched 

9.93 

5.22 

15.06 

34.5 

-0.6 

4.94 

1.08 

6.00 

18.0 

-0.3 

3.23 

1.25 

4.60 

27.9 

+  2.0 

<2opra  meal 

6.69 

0.29 

7.21 

4  2 

+  2.0 

Ripe  olives,  flesh,  canned 

70.77 

0.37 

70.35 

0.5 

-1.1 

-Peanuts,  shelled,  roasted 

49.92 

1.37 

50.37 

2.7 

-1.8 

Avocado,  flesh,  ripe 

58.81 

1.25 

59.31 

2.1 

-1.3 

a  Dry  basis. 


between  samples  of  the  same  product  when  one  has  been  modi¬ 
fied  by  a  processing  treatment,  such  as  blanching.  Results  shown 
in  Table  II  illustrate  these  variations. 

Extraction  of  lipid  in  the  Soxhlet  apparatus  was  carried  out  as 
follows : 

Approximately  10  grams  of  40-mesh  material  previously  dried 
to  constant  weight  in  a  vacuum  at  70°  C.  were  folded  in  a  large 
No.  2  Whatman  filter.  To  facilitate  drainage  of  the  petroleum 
■ether  solvent  and  to  increase  the  extraction  rate,  the  Soxhlet 
thimble  holding  the  wrapped  sample  was  supported  1.25  cm. 
(0.5  inch)  above  the  bottom  of  the  thimble  tube  by  a  glass  stopper 
'(4)-  Rapid  extraction  was  continued  for  4  hours,  at  which  time 
the  sample  was  removed  and  thoroughly  ground  with  an  equal 
weight  of  sand  in  a  large  mortar.  After  it  was  replaced  in  the 
Soxhlet  apparatus,  the  material  was  again  extracted  for  a  period 
of  4  hours.  If  turbidity  was  observed  in  the  Soxhlet  receiving 
flask,  the  solution  was  clarified  by  filtration  with  the  fritted-glass 
filter  as  described  above.  Several  samples  were  extracted  for  an 
additional  8  hours.  Less  than  0.5%  of  the  total  lipid  extracted 
was  obtained  during  this  period. 

In  order  to  iselate  the  petroleum  ether-soluble  material  ob¬ 
tained  by  the  aqueous-acetone  method  but  not  extractable  in 
the  Soxhlet  apparatus,  the  thimble  residue  after  extraction  was 
transferred  to  a  fritted-glass  filter  and  repeatedly  treated  with  an 
equal  weight  of  water,  followed  by  extraction  with  acetone. 
After  extraction  the  acetone  was  evaporated  and  the  lipid  taken 
up  with  petroleum  ether  in  the  manner  described  previously. 

By  reference  to  Table  II  it  will  be  seen  that  the  lipid  value 
■obtained  by  the  Soxhlet  extraction  plus  that  obtained  by  the 
proposed  method  on  the  Soxhlet  thimble  residue  equals  approxi¬ 
mately  the  value  obtained  on  the  original  material  by  the  pro¬ 
posed  aqueous-acetone  method. 

On  the  basis  of  the  percentage  of  lipid  obtained  from  soybeans 
(Table  II),  it  appears  that  the  petroleum  ether-soluble  material 
remaining  in  the  sample  after  Soxhlet  extraction  is  greater  in 
immature  beans  than  in  the  mature  product.  In  a  similar  way 
the  proportion  of  lipid  retained  by  the  sample  after  Soxhlet  ex¬ 
traction  is  greater  in  unblanched  soybeans  and  unblanched  sweet 
■corn  than  in  the  comparable  blanched  vegetable. 

In  view  of  the  higher  results  obtained  with  the  aqueous-acetone 
method  as  compared  with  the  Soxhlet  apparatus,  some  of  the 
tests  commonly  employed  for  the  identification  of  a  fat  were  ap¬ 
plied  to  three  types  of  petroleum  ether  extract  obtained  from 
blanched,  immature  soybeans  and  sweet  corn.  The  results  are 
shown  in  Table  III.  The  methods  used  were  official  procedures 
of  the  Association  of  Official  Agricultural  Chemists  ( 1 )  except 
that  somewhat  lower  quantities  of  lipids  were  employed  than 
those  recommended. 

It  is  clear  from  Table  III  that  the  material  obtained  from  the 
Soxhlet  thimble  residue  of  the  petroleum  ether  extraction  is 
actually  of  a  fatty  nature  and  not  merely  an  oil-soluble  substance 
of  unknown  constitution,  although  some  significant  differences 
in  values  are  observed.  For  example,  their  saponification  num¬ 
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bers  are  above  200  for  both  soybeans  and  sweet  corn,  where 
the  bulk  of  the  total  lipids  is  somewhat  under  this  figure.  Iodi: 
values  of  the  residual  lipids,  on  the  other  hand,  are  low.  T 
presence  of  low-molecular-weight  saturated  acids,  such  as  butyi 
lauric,  and  myristic,  is  suggested  (3).  Butyric  acid  is  strong 
indicated  because  of  the  high  content  of  soluble  acids  in  tl 
saponified  acids,  and  this  is  borne  out  by  the  low  Hehner  valu 
The  somewhat  high  free  fatty  acid  content  of  the  Soxhlet  residu 
is  noteworthy. 

To  determine  whether  a  combination  of  carbohydrates  ai 
proteins  was  responsible  for  any  of  the  increase  in  yield,  tests  we 
applied  to  the  petroleum  ether-soluble  material  extractable  1 
water  and  acetone  after  extraction  by  the  usual  procedure  in  tl 
Soxhlet.  The  nitrogen  content  of  material  extracted  fro 
corn  was  0.36%  and  from  soybeans,  0.86%.  The  phosphor 
content  of  the  material  extracted  from  corn  was  1.1%  and  fro 
soybeans,  2.5%.  Sugar  tests,  including  the  phenylhydrazh 
test,  Benedict’s,  and  the  orcinol  test,  all  gave  negative  result 
The  reducing  value  with  alkaline  ferricyanide  was  small  ai 
showed  only  a  slight  increase  after  90  minutes  of  hydrolysis  wil 
1  N  sulfuric  acid.  If  it  is  assumed  that  the  nitrogen  found  w: 
present  as  lecithin,  the  corn  extract  would  contain  20%  and  tl 
soybeans  48%  of  this  lipid.  Since  the  molecular  ratio  of  nitr 
gen  to  phosphorus  was  less  than  one,  it  is  probable  that  prote 
was  not  present. 

This  investigation  has  not  revealed  why  lipids  are  not  entire^ 
extracted  from  dried  vegetable  products  by  petroleum  ether  i 
the  Soxhlet  apparatus.  One  observation  has  been  made,  hot 
ever,  which  may  contribute  to  an  explanation  of  this  fact.  Whe 
acetone  is  evaporated  from  water-acetone  extracts  in  the  aqueou 
acetone  method  a  certain  amount  of  a  material  having  a  waxlil 
appearance  separates  out  in  the  saline  solution  along  with  tl 
lipid.  This  material  appears  to  be  insoluble  in  petroleum  ethe 
It  is  also  nearly  insoluble  in  water,  acetone,  and  95%  alcohol,  bi 
is  readily  soluble  in  either  50%  aqueous  acetone  or  50%  aqueoi 
alcohol.  Should  some  of  the  lipid  particles  in  a  dried  vegetab 
be  entirely  enveloped  in  this  substance  it  appears  unlikely  thf 
petroleum  ether  could  extract  them.  In  the  aqueous-acetor 
method,  on  the  other  hand,  any  lipid  surrounded  by  this  wax 
material  would  be  liberated  by  the  solvent  action  of  water-acetor 
mixtures  employed  for  the  initial  extraction. 

The  relationship  between  the  maturity  and  the  percentage  < 


Table  III.  Results  of  Characterization  Tests 

rx  i 

G  nn  f  - 

Pro- 

Pro- 

posed 

posed 

Petro- 

method. 

Petro- 

method 

leum 

on 

Pro- 

leum 

on 

Pro- 

ether 

thimble 

posed 

ether 

thimble 

posed 

Soxhlet 

residue 

method 

Soxhlet 

residue 

methoi 

Total  lipid,  % 

14.96 

3.03 

18.15 

4.94 

1.08 

6.0C 

Saponification  No. 

194 

220 

196 

196 

204 

197 

Iodine  No. 

139 

88 

132 

105 

74 

98 

Hehner  No. 

Mean  molecular 

91.2 

66.6 

85.8 

92.4 

62.2 

90.1 

weight  of  insol¬ 
uble  nonvolatile 
acids 

288 

318 

289 

291 

321 

301 

Soluble  acids  as  % 
butyric 

Free  fatty  acid  as  % 

3.2 

12.8 

5.6 

2.4 

15.1 

6.4 

oleic 

1.5 

6.7 

2.7 

1.4 

8.5 

2.7 

Table  IV.  Relationship  of  Maturity  of  Soybeans  and  Sweet  Cor 
to  Lipid  Content  on  Wet  Basis 

Soybeans  Sweet  Corn 


Harvest  date 

%  lipid 

Harvest  date 

%  lipid 

9/16/42 

3.76 

8/18/42 

0.98 

9/19/42 

4.25 

8/21/42 

1.28 

9/22/42 

4.56 

8/24/42 

1.39 

9/28/42 

4.81 

9/18/42 

3.74 

8/20/42 

0.87 

9/21/42 

4.10 

8/24/42 

1.06 

9/25/42 

4.34 

8/25/42 

1.06 

9/30/42 

4.97 

8/20/42 

1.03 

8/24/42 

1.28 

8/26/42 

1.37 
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»id  in  soybeans  and  sweet  corn  has  been  mentioned  previously, 
epical  data  are  shown  in  Table  IV.  The  maturity  range  stud- 
i  was  such  that  prime  quality,  from  the  standpoint  of  edibility 
a  green  vegetable,  fell  at  about  the  middle  of  the  range. 
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Determination  of  Copper  and 

A.  S.  WEATHERBURN,  M.  W.  WEATHERBURN,  AND  C, 

■ 

vo  methods  are  described  for  the  estimation  of  copper  and  zinc 
the  naphthenates  of  these  metals.  The  first  method  is  applicable 
the  analysis  of  either  petroleum  solvent  solutions  or  aqueous 
nulsion  of  the  naphthenates,  while  the  second  is  limited  to  the 
lalysis  of  emulsions.  (1)  The  naphthenate  is  hydrolyzed  by 
sating  with  hydrochloric  acid,  the  liberated  naphthenic  acids  are 
parated,  and  the  metal  content  of  the  remaining  aqueous  portion 
determined  by  the  usual  volumetric  methods.  This  procedure 
ves  higher  and  more  consistent  results  than  are  obtained  by  igniting 
e  sample  and  determining  the  metal  content  of  the  ash.  (2)  The 
iphthenate  emulsion  is  hydrolyzed  by  heating  with  hydrochloric 
:id,  and  the  volume  of  the  liberated  naphthenic  acids  is  measured, 
tis  volume  is  converted  into  terms  of  the  metal  content  of  the  orig- 
al  emulsion  by  multiplication  by  a  suitable  factor.  This  method  is 
commended  for  routine  control  of  processing  baths. 

HE  copper  and  zinc  salts  of  naphthenic  acids  have  recently 
attained  some  prominence  as  rotproofing  compounds  for  the 
eatment  of  fabrics  and  cordage.  These  compounds  are  usually 
jplied  as  a  solution  in  petroleum  solvents  or  as  an  aqueous 
nulsion  of  such  solutions. 

A  survey  of  the  literature  reveals  no  method  for  the  determi- 
ition  of  copper  or  zinc  in  such  solutions  or  emulsions.  Methods 
•e  available,  however,  for  the  determination  of  copper  (2)  and 
nc  (3)  in  fabrics  proofed  by  these  processes,  and  these  methods 
ive  been  applied  to  the  analysis  of  solutions  or  emulsions  of 
>pper  or  zinc  naphthenates:  A  measured  sample  is  taken,  the 
>lvent  burned  or  evaporated  off,  the  residue  ignited  at  a  con- 
oiled  temperature,  the  ash  extracted  with  acid,  and  the  metal 
>ntent  of  the  acid  solution  determined  volumetrically. 

A  method  similar  to  the  above  has  been  employed  by  Gottsch 
ad  Grodman  (f)  in  the  determination  of  cobalt,  manganese, 
ad,  and  zinc  in  paint  driers  and  boiled  linseed  oil.  These 
uthors  have  reported  low  and  inaccurate  results  in  the  case  of 
ad  and  zinc,  and  point  out  that  at  best  the  ashing  method  re- 
uires  careful  manipulation  and  strict  control  of  the  ignition 
imperature.  They  attribute  their  low  results  in  the  case  of  lead 
)  fusion  of  the  metallic  oxide  with  the  glaze  of  the  crucible, 
t  has  been  observed  by  the  present  authors  that  copper  behaves 
i  a  similar  manner  if  the  ignition  temperature  is  too  high.  In 
le  case  of  zinc  the  low  results  are  believed  to  be  due  to  sublima- 
on. 

In  addition  to  these  considerations,  the  ashing  method  is  sub¬ 
set  to  error  due  to  loss  of  sample  by  spattering  during  the  igni- 
on.  This  is  particularly  true  of  the  emulsions  where  the  water 
lust  be  evaporated  off  before  igniting  the  residue. 

Thus,  while  the  ignition  method  will  give  accurate  results  with 
roper  manipulation,  the  time  and  skill  required  to  obtain  such 
jsults  render  it  somewhat  unsatisfactory  as  a  control  method. 

LABORATORY  METHOD 

A  method  has  been  developed  in  these  laboratories  which, 
i  addition  to  being  rapid,  gives  higher  and  more  consistent 
jsults  than  are  generally  obtained  by  the  ignition  method  re- 
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Zinc  in  Their  Naphthenates 

H.  BAYLEY,  National  Research  Council,  Ottawa,  Canada 

ferred  to  above.  This  method  consists  essentially  of  heating  a 
measured  sample  of  the  solution  or  emulsion  with  hydrochloric 
acid  until  complete  hydrolysis  of  the  naphthenate  is  brought 
about.  The  naphthenic  acids  and  solvent  separate  as  a  clear 
oily  layer  and  the  metal  in  the  form  of  the  chloride  dissolves  in 
the  lower  aqueous  layer.  The  two  layers  are  separated  and  the 
copper  or  zinc  is  determined  by  the  usual  volumetric  method 
(5,  6). 

Procedure.  A  sample  of  the  solution  or  emulsion  estimated 
to  contain  50  to  100  mg.  of  the  metal  is  weighed  (or  pipetted)  into 
a  250-ml.  beaker  and  10  ml.  of  1  to  1  hydrochloric  acid  are  added. 
The  mixture  is  boiled  for  2  to  3  minutes  on  a  hot  plate  with  rapid 
stirring.  When  the  hydrolysis  is  complete  the  naphthenic  acids 
dissolved  in  the  solvent  present  separate 'as  a  clear,  light  yellow 
layer.  (The  completeness  of  hydrolysis  under  this  treatment 
was  proved  in  the  following  manner:  The  ether  extracts  from 
six  determinations  were  combined,  the  ether  was  distilled  off, 
and  the  residue  was  ignited.  There  was  no  visible  ash,  and  no 
trace  of  either  copper  or  zinc  was  detected.)  The  contents  of 
the  beaker  are  cooled,  transferred  to  a  separatory  funnel,  and 
20  to  25  ml.  of  petroleum  ether  are  added.  The  lower  aqueous 
layer  is  drawn  off  into  the  original  beaker,  the  ether  layer  is 
washed  twice  with  15-ml.  portions  of  distilled  water,  and  the 
washings  are  added  to  the  beaker. 

After  the  final  washing  and  when  the  two  layers  have  begun 
to  separate  out,  a  small  quantity  (3  to  5  ml.)  of  isopropyl  alcohol 
is  added.  This  helps  to  give  a  clear  separation  of  the  layers  in 
cases  where  there  is  a  tendency  for  emulsions  to  form  at  the  inter¬ 
face. 

The  metal  content  of  the  aqueous  acid  solution  is  then  deter¬ 
mined  by  any  of  the  standard  volumetric  methods. 

Determination  of  Copper.  The  aqueous  solution  is  made 
alkaline  with  ammonium  hydroxide  and  a  slight  excess  of  glacial 
acetic  acid  is  added,  followed  by  about  2  grams  of  potassium 
iodide.  The  solution  is  titrated  with  sodium  thiosulfate,  starch 
indicator  being  added  as  the  end  point  is  approached.  A  con¬ 
venient  concentration  of  the  sodium  thiosulfate  solution  for  use 
with  the  recommended  sample  weight  is  12  grams  per  liter. 
This  solution  will  have  a  copper  factor  of  about  3  mg.  of  copper 
per  ml.,  and  should  be  standardized  against  pure  copper. 

This  method  has  been  found  to  give  accurate  results  on  solu¬ 
tions  of  pure  copper  naphthenate  in  petroleum  solvent.  After 
hydrolysis  with  hydrochloric  acid,  dilution  of  the  organic  layer 
with  petroleum  ether,  and  separation  of  the  two  layers,  no  trace 
of  copper  was  found  in  the  ether  layer.  It  was  therefore  assumed 
that  all  the  copper  originally  present  was  now  contained  in  the 
aqueous  layer.  This  solution  was  saturated  with  hydrogen 
sulfide,  the  precipitate  was  filtered  off  and  redissolved  in  acid, 
and  the  copper  content  was  estimated  volumetrically.  These 
results  were  in  very  close  agreement  with  those  obtained  on  the 
same  solution  using  the  hydrolysis  method,  excluding  the  hy¬ 
drogen  sulfide  precipitation. 

It  is  possible,  however,  that  in  actual  practice  there  may  be 
organic  matter  present  which  would  tend  to  cause  erroneously 
high  results.  Such  organic  matter  may  be  added  to  the  bath  in 
the  form  of  textile  finishing  agents,  or  may  be  picked  up  by  the 
bath  from  fabric  already  processed.  In  cases  where  the  presence 
of  such  organic  matter  is  known  or  suspected,  the  procedure 
should  be  modified  in  the  following  manner: 
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After  separation  from  the  ether  layer  the  acid  solution  is  diluted 
to  200  to  300  ml.  and  saturated  with  hydrogen  sulfide.  The 
precipitated  copper  sulfide  is  filtered  off  on  a  sintered-glass  cru¬ 
cible,  washed  with  water,  and  redissolved  in  aqua  regia.  A  few 
drops  of  sulfuric  acid  are  added  and  the  solution  is  evaporated 
to  dryness.  The  residue  is  redissolved  in  50  to  75  ml.  of  distilled 
water  containing  a  few  drops  of  sulfuric  acid,  the  solution  is  made 
alkaline  with  ammonium  hydroxide,  and  the  procedure  is  con¬ 
tinued  as  above. 

Determination  of  Zinc.  The  aqueous  solution  is  made  alkaline 
with  ammonium  hydroxide,  neutralized  to  phenolphthalein  with 
6  N  hydrochloric  acid,  and  6  ml.  more  of  the  acid  are  added. 
Two  drops  of  ferrous  sulfate  solution  (2.5  grams  per  liter)  are 
added,  and  the  solution  is  diluted  to  about,  200  ml.  and  heated 
to  boiling.  The  solution  is  titrated  while  hot  with  potassium 
ferrocyanide  solution,  using  the  “split  beaker”  technique — i.e. , 
a  small  portion  of  the  solution  is  set  aside  and  the  remainder 
titrated  rapidly.  When  the  end  point  has  been  passed  the  small 
portion  is  returned  to  the  beaker  and  the  titration  continued 
more  cautiously  until  the  exact  end  point  is  reached.  As  the 
titration  proceeds  the  solution  becomes  a  deep  blue  color  which 
fades  sharply  to  a  pale  green  at  the  end  point.  A  convenient 
concentration  for  the  potassium  ferrocyanide  solution  is  13 
grams  per  liter,  which  yields  a  solution  having  a  zinc  factor  of 
about  3  mg.  of  zinc  per  ml.  The  solution  should  be  standardized 
against  pure  zinc. 


Table  1.  Comparison  of  Analytical  Methods 

Metal  Content 

Ignition 

Hydrolysis 

Sample 

method 

method 

% 

% 

■Copper  naphthenate  solution  in  petroleum 

1.18 

1.31 

solvent  (solution  A) 

1.27 

1.31 

1.29 

1.31 

1.25 

1.31 

1.27 

Copper  naphthenate  solution  in  petroleum 

1.53 

1.64 

solvent  (solution  B) 

1.51 

1.64 

1.45 

1.63 

1.46 

Copper  naphthenate,  aqueous  emulsion 

3.27 

4.18 

3.08 

4'.  23 

3.55 

4.24 

3.16 

Zinc  naphthenate  solution  in  petroleum 

7.44 

8.17 

solvent 

7.26 

8.17 

7.27 

8.21 

7.38 

8.23 

7.78 

Zinc  naphthenate,  aqueous  emulsion 

4.53 

4.70 

4.49 

4.67 

Table  II.  Determination  of  Conversion  Factors 

Metal  Content  by 

Volume  by 

Hydrolysis  Method 

Acid  Bottle 

Sample  Copper0  Zinc° 

Method 

Factor 

%  % 

Units 

Copper  naphthenate 

Emulsion  A  0 . 446 

44 

0.010 

Emulsion  B  0.604 

61 

0.010 

Emulsion  C  0 . 664 

65 

0.010 

Zinc  naphthenate 

Emulsion  D  ...  0.130 

10 

0.013 

Emulsion  E  ...  0.258 

20 

0.013 

Emulsion  F  ...  0.234 

25 

0.013 

Emulsion  G  ...  0.464 

36 

0.013 

°  Percentages  expressed  as  grams  of  metal  per  100  ml.  of  emulsion. 

A  comparison  of  the  results  obtained  by  the  ignition  method 
and  the  hydrolysis  method  on  various  solutions  and  emulsions 
of  copper  naphthenate  and  zinc  naphthenate  is  given  in  Table  I. 

Examination  of  Table  I  shows  that  the  hydrolysis  method  gives 
results  which  are  higher  and  in  general  more  consistent  than  those 
obtained  by  the  ignition  method.  These  discrepancies  in  the 
results  obtained  by  the  ignition  method  are  believed  to  be  due  to 
mechanical  losses  during  ashing  of  the  sample.  The  hydrolysis 
method  is  rapid,  requiring  only  about  30  minutes  for  a  complete 
analysis,  and  involves  no  specialized  equipment. 

PROCESS  CONTROL  METHOD 

A  rapid  method  has  been  devised  for  the  estimation  of  copper 
or  zinc  in  aqueous  emuLsions  of  the  naphthenates  of  these  metals. 


The  method  is  recommended  for  use  in  process  control,  since 
minimum  of  equipment  is  required  and  a  determination  can  b 
completed  in  20  to  25  minutes.  Such  a  method  is  of  value  in  th 
treatment  of  fabrics  by  the  emulsion  process.  Since  there  is 
gradual  depletion  of  the  metal  content  of  the  processing  bath,  i 
is  necessary  to  make  frequent  analyses  in  order  to  maintain  tb 
metal  concentration  at  the  required  level. 

The  determination  is  based  on  hydrolysis  of  the  naphthenatf 
measurement  of  the  naphthenic  acids  produced,  and  estimatio 
of  the  metal  content  by  use  of  a  suitable  factor.  The  method  a 
outlined  is  applicable  to  the  analysis  of  emulsions  having  a  cor 
centration  range  of  approximately  0.01  to  1.00%  of  the  meta 
It  may  be  applied  to  the  analysis  of  more  concentrated  emulsion 
by  suitable  dilution  of  the  emulsion  before  sampling. 

A  flask  similar  to  that  used  for  measuring  the  sulfuric  acij 
absorption  of  petroleum  products  ( 1 )  is  used  for  the  determ  i; 
nation.  The  flask  has  a  capacity  of  approximately  50  m 
exclusive  of  the  graduated  neck,  which  has  a  capacity  of  10  mj 
and  can  be  read  to  0.1  ml. 

Fifty  milliliters  of  the  emulsion  are  measured  into  the  flash 
8  to  9  ml.  of  1  to  1  hydrochloric  acid  are  added,  and  the  flask  : 
thoroughly  shaken.  It  is  then  placed  in  a  bath  of  boiling  wate? 
for  15  to  20  minutes,  or  until  there  is  a  clear  separation  of  th 
two  layers.  The  flask  is  cooled  to  room  temperature  and  th 
volume  of  the  upper  layer  is  read.  The  percentage  of  met?, 
represented  by  a  unit  volume  of  the  upper  layer  is  obtained  b 
comparison  with  the  metal  content  of  the  emulsion  as  determine 
by  the  hydrolysis  method.  This  factor  will  be  constant  for  a 
emulsions  made  by  aqueous  dilution  of  any  one  stock,  but  wi 
vary  slightly  for  concentrated  emulsions  from  different  sources 
This  is  explained  by  the  fact  that  petroleum  solvent  is  used  t 
dissolve  the  naphthenate  before  making  up  the  concentrate 
emulsion;  the  volume  of  upper  layer  obtained  in  this  analysis 
will  thus  depend  on  the  amount  of  solvent  used.  The  appropriat  t 
factor  should  therefore  be  calculated  by  determination  of  met£, 
content  of  the  same  stock  emulsion  by  the  hydrolysis  method. 

For  example,  a  sample  on  analysis  by  the  hydrolysis  metho 1 
showed  a  zinc  content  of  0.464%.  This  same  emulsion  by  th  r 
“acid  bottle”  method  gave  a  reading  of  36  units.  The  factot 

is  therefore  *  =  0.013%  zinc  per  unit.  Each  fresh  bate  I 

of  stock  emulsion  must  be  checked  in  this  manner  and  if  an;! 
appreciable  difference  in  the  factor  is  obtained,  the  hydrolysis 
method  rather  than  the  acid  bottle  method  should  be  applied  1 1 
the  analysis  of  dilute  emulsions  made  from  a  mixture  of  tw 
stock  emulsions.  To  demonstrate  the  accuracy  of  the  metho' 
factors  were  calculated  for  various  dilutions  of  concentrate 
emulsions  (Table  II). 

The  data  presented  in  Table  II  indicate  that  an  analysis  b, 
this  method  is  accurate  to  two  significant  figures,  which  is  suffi 
cient  to  serve  as  a  means  of  process  control.  In  addition  th 
procedure  is  rapid,  requires  a  minimum  of  equipment,  and  ma; 
be  performed  by  unskilled  personnel. 
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Photometric  Determination  of  Silica  in  Aluminous  Materials 

By  the  Molybdenum  Blue  Reaction 

J.  A.  BRABSON,  I.  W.  HARVEY,  G.  E.  MAXWELL1,  and  O.  A.  SCHAEFFER2 
Tennessee  Valley  Authority,  Wilson  Dam,  Ala. 


\  photometric  method,  based  on  the  molybdenum  blue  reaction, 
s  described  for  the  determination  of  silica  in  sodium  aluminate  solu- 
ions  and  calcined  alumina,  and  of  silicon  in  metallic  aluminum. 
Adjustment  of  pH  is  made  with  an  indicator,  thereby  eliminating 
he  necessity  for  a  pH  meter.  The  effect  of  aluminum  salt  concen- 
ration  upon  color  development  is  minimized  by  the  use  of  two  cali- 
>ration  curves.  The  method  may  be  used  for  the  estimation  of  silica 
:ontent  from  0.01  to  1.0%  in  calcined  alumina  by  varying  the  size 
>f  the  sample.  A  precision  of  4%  at  the  optimum  amount  of  silica 
ieterminable  by  this  method  may  be  expected  when  the  method  is 
ipplied  to  homogeneous  samples. 


|“HE  rapid  and  accurate  determination  of  silica  in  sodium 
I  aluminate  solutions  and  calcined  alumina,  and  of  silicon  in 
.luminum,  is  an  important  factor  in  the  evaluation  of  alkaline 
irocesses  for  the  production  of  aluminum.  The  usual  gravi- 
aetric  determinations  not  only  are  time-consuming  but  may  yield 
aw  results  because  of  the  solubility  of  silica  in  the  acid  used  for 
ehydration  (2).  Several  procedures  have  been  described  for 
he  use  of  the  molybdisilicic  acid  reaction  ( 1 )  in  the  determina- 
ion  of  silicon  content  of  aluminum.  Pavelka  and  Morth  (5) 
sed  the  molybdenum  blue  reaction  ( 3 ,  4,  6)  for  the  microanalysis 
f  aluminum  for  silicon  and  phosphorus.  Possible  interference  of 
olor-producing  impurities  in  sodium  aluminate  solutions  upon 
he  determination  of  silica  by  the  molybdisilicic  acid  method  made 
;  desirable  to  determine  silica  by  the  molybdenum  blue  method, 
'his  paper  describes  a  rapid  and  accurate  method  based  on  this 
^action. 

APPARATUS 

A  filter  photometer  (Fisher  AC  Electrophotometer)  fitted  with 
650-mjx  red  filter  and  2-cm.  absorption  cells  was  used  for  color 
leasurements.  A  glass  electrode  apparatus  (Leeds  &  Northrup 
Iniversal  pH  potentiometer)  was  used  for  the  pH  determinations. 

REAGENTS 

Hydrochloric  Acid  (1  +  9).  Dilute  50  ml.  of  the  concen- 
rated  acid  to  500  ml. 

Acetic  Acid  Buffer!  Mix  one  volume  of  glacial  acetic  acid 
rith  two  volumes  of  water. 

Thymol  Blue  Indicator  Solution.  Dissolve  0.4  gram  of 
lymol  blue  in  10  ml.  of  freshly  prepared  5%  sodium  hydroxide 
ilution  contained  in  a  300-ml.  platinum  dish.  Dilute  to  250 
il.  and  neutralize  with  dilute  hydrochloric  acid  to  an  orange 
alor;  avoid  an  excess,  which  would  precipitate  the  indicator, 
'ransfer  the  solution  to  a  500-ml.  flask  and  dilute  to  the  mark. 
Ammonium  Molybdate  Solution.  Dissolve  25  grams  of  the 
lit,  (NH4)6Mo7024.4H20,  in  250  ml.  of  water.  Allow  to  stand 
4  hours  and  filter.  Do  not  allow  solution  to  stand  over  a  week 
efore  using. 

Sodium  Sulfite  Solution.  Dissolve  170  grams  of  the  an- 
ydrous  salt  in  about  900  ml.  of  water.  Filter  and  dilute  to 
000  ml. 

Aluminum  Chloride  Solution.  Dissolve  in  water  either 
2.3  grams  of  the  anhydrous  salt  or  94.8  grams  of  the  hexahy- 
rate,  acidify  with  a  few  drops  of  hydrochloric  acid,  filter,  and 
ilute  to  500  ml.  (10  ml.  o  0.4  gram  of  alumina). 

Standard  Silica  Solution.  Weigh  out  an  amount  of  sodium 
letasilicate,  Na2Si03.5H20,  the  silica  content  of  which  has  been 
irefully  determined  gravimetrically,  which  will  be  equivalent  to 
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0.0500  gram  of  silica  and  dissolve  in  500.0  ml.  of  water  (1  ml.  =c, 
0.1  mg.  of  silica).  Prepare  this  solution  on  the  same  day  it 
is  to  be  used.  When  making  the  gravimetric  analysis,  use  a 
sufficiently  large  sample  so  that  the  error  due  to  solubility  of 
silica  in  the  dehydrating  acid  will  be  kept  to  a  minimum. 

Boric  Oxide.  Ignite  boric  acid  in  a  platinum  dish. 

PROCEDURE 

The  method  has  a  working  range  of  from  0.0  to  1.0  mg.  of 
silica  per  250  ml.  in  the  presence  of  from  0.0  to  0.4  gram  of 
alumina.  If  a  sample  containing  0.1  gram  of  alumina  be  con¬ 
sidered  the  minimum  practicable  size,  silica  in  quantities  up  to. 
1%  may  be  determined. 

Alkaline  decomposition  methods  were  chosen  for  attack  of 
solid  samples  because  these  methods  convert  the  silica  to  a  sol¬ 
uble  form  suitable  for  determination  without  danger  of  volatilk 
zation  or  dehydration.  Although  different  methods  are  used  to. 
convert  the  samples  to  sodium  aluminate  solutions,  the  final  step, 
is  identical  for  all  materials  listed. 

Preparation  of  Samples  for  Analysis.  Sodium  Aluminate 
Solutions.  Transfer  a  suitable  aliquot  containing  not  more  than 
0.4  gram  of  alumina  to  a  250-ml.  beaker  containing  100  ml.  of 
water  and  dilute  to  170  ml. 

Calcined  Alumina.  Transfer  a  sample  of  from  0.1  to  0.4. 
gram  of  alumina  (depending  upon  the  silica  content)  to  a  125- 
ml.  platinum  dish,  cover  with  4  grams  of  anhydrous  sodium, 
carbonate  and  0.7  gram  of  boric  oxide,  and  mix  intimately  by 
stirring  with  a  platinum  wire.  Fuse  at  1000°  C.  with  a  blast 
lamp,  or  preferably  in  a  muffle  furnace,  until  a  perfectly  clear  melt 
is  obtained.  A  15-minute  fusion  time  is  usually  sufficient  for 
complete  decomposition  of  the  material.  Cool,  cqver  the  melt 
with  50  ml.  of  water,  and  digest  on  a  steam  bath  until  the  melt 
dissolves.  Cool  to  room  temperature  and  transfer  the  solution  to. 
a  250-ml.  beaker  containing  50  ml.  of  water.  Rinse  the  dish,  add 
the  washings  to  the  beaker,  and  dilute  to  170  pal. 

Aluminum  Metal.  Transfer  a  sample  of  from  0.05  to  0.20, 
gram  (depending  upon  the  silicon  content)  to  a  125-ml.  platinum 
dish,  add  50  ml.  of  water  and  five  pellets  (about  0.6  gram)  of 
sodium  hydroxide.  Let  stand  until  the  sapnple  disintegrates, 
then  add  a  few  drops  of  3%  hydrogen  peroxide,  and  digest  for  15. 
minutes  on  a  steam  bath.  Cool  to  room  temperature  and  transfer 
the  solution  to  a  250-ml.  beaker  containing  50  ml.  of  water.  Rinse 
the  dish,  add  the  washings  to  the  beaker,  and  dilute  to  170  ml. 

Determination  of  Silica.  Immediately  following  the  trans¬ 
fer  of  the  alkaline  solution  to  the  beaker,  add  8  drops  of  thymol 
blue  indicator  and  add  concentrated  hydrochloric  acid,  dropwise, 
until  the  aluminum  hydroxide,  which  first  precipitates,  is  nearly 
dissolved  and  the  solution  has  a  yellow  colqr.  Do  not  bring  the 
color  of  the  indicator  to  red.  Add  1+9  hydrochloric  acid  drop- 
wise,  stirring  constantly,  until  the  aluminum  hydroxide  com¬ 
pletely  dissolves  and  the  indicator  assumes  a  permanent  pink 
color.  This  operation  is  critical  in  the  adjustment  of  pH  and 
may  require  as  much  as  5  minutes’  time  with  samples  of  higher 
aluminum  salt  concentration.  Add  5.0  ml.  of  1  +  9  hydrochloric 
acid,  5.0  ml.  of  1  +  2  acetic  acid,  and  5.0  ml.  of  ammonium 
molybdate  solution  in  the  succession  named.  Stir  the  solution 
between  additions  of  reagents  and  stir  vigorously  for  1  minute 
after  the  addition  of  the  molybdate  reagent.  Wait  5  minutes  for 
the  molybdisilicic  acid  to  develop,  then  transfer  to  a  250-ml. 
volumetric  flask.  Reduce  the  molybdisilicic  acid  by  adding  slowly 
from  a  pipet,  with  vigorous  shaking,  20  ml.  of  17%  sodium  sulfite 
solution.  Eight  minutes  after  the  addition  of  sulfite,  add  5.0. 
ml.  more  of  1  +  2  acetic  acid,  dilute  to  the  mark,  and  mix  thor¬ 
oughly.  Thirty  minutes  after  the  addition  of  the  sulfite,  deter¬ 
mine  the  color  intensity  of  the  solution  with  a  photometer  fitted 
with  a  red  filter.  Use  distilled  water  invthe  reference  cell.  (When 
applying  the  method  to  highly  colored  liquors  from  the  Bayer 
process,  use  an  equivalent  portion  of  this  solution  in  the  reference, 
cell.)  Read  the  amount  of  silica  present  from,  the  proper  cali-.. 
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Table  I.  Effect  of  Aluminum  Salt  Concentration  upon  pH 
Adjustment  and  Color  Development3 


AIjOj 

pH  before 

pH  after 

Present, 

Molybdate 

Transmittance 

Gram 

Addition 

Measurement 

0.00 

1.38  ±  0.03 

4.24  ±  0.00 

0.08 

1.41  ±0.04 

4.18  ±  0.00 

0.20 

1.38  ±0.03 

4.00  ±0.01 

0.40 

1.34  ±0.05 

3.72  ±0.02 

0.60 

1.26  ±  0.04 

3.40  ±  0.02 

0.80 

1.09  ±0.01 

3.12  ±0.00 

Transmittance, 

% 

61.5  ±  0.0 
61.0  ±  0.1 

61.9  ±0.1 

62.9  ±0.1 

61.6  ±  0.1 
61.0  ±0.1 


°  All  values  are  averages  for  three  determinations. 


bration  curve.  Determine  a  blank  on  the  reagents  and  subtract 
this  value  from  the  total  silica  to  obtain  the  net  silica  in  the 
sample. 

Preparation  of  Calibration  Curve.  To  counteract  the 
effect  of  aluminum  salt  concentration  on  color  development,  pre¬ 
pare  two  calibration  curves  based  on  0.2  and  0.4  gram  of  alu¬ 
mina.  Use  suitable  aliquots  of  the  standard  silica  solution  to 
determine  1 1  points  on  each  curve  (including  the  blank)  in  steps 
of  0.1  mg.  of  silica. 

Dissolve  four  sodium  hydroxide  pellets  (0.5  gram)  in  50  ml.  of 
water  contained  in  a  platinum  dish  and  add  the  desired  quantities 
of  standard  silica  and  aluminum  chloride  solutions.  Transfer  the 
alkaline  solution  to  a  250-ml.  beaker  containing  50  ml.  of  water. 
Rinse  the  dish,  add  the  washings  to  the  beaker,  and  dilute  to  170 
ml.  Continue  the  analysis  as  outlined  under  the  determination  of 
silica. 

Construct  a  calibration  curve,  plotting  the  silica  concentration 
against  the  color  intensity.  Draw  a  curve  beginning  at  100% 
transmittance,  or  zero  extinction,  parallel  to  the  original  curve 
which  includes  the  silica  derived  from  the  sodium  hydroxide  and 
aluminum  chloride,  as  well  as  the  other  reagents.  This  represents 
the  true  calibration  curve  and,  of  course,  necessitates  the  deter¬ 
mination  and  subtraction  of  a  blank  for  each  set  of  reagents  used. 
The  curves  are  slightly  concave  and  their  slopes  vary  with  dif¬ 
ferent  amounts  of  alumina. 


EXPERIMENTAL 

Adjustment  of  pH.  The  determination  of  silica  by  the 
molybdenum  blue  reaction  is  dependent  upon  the  amount  of 
molybdisilicic  acid  formed,  which  in  turn  is  affected  by  variations 
in  pH.  It  was  established  experimentally  that  for  maximum 
development  of  molybdisilicic  acid  the  pH  must  be  adjusted  to 
between  1.0  and  1.4  before  the  addition  of  molybdate.  Of  the 
several  techniques  tried  for  the  adjustment  of  pH  the  one  de¬ 
scribed  above  proved  most  successful.  Measurements  of  the  pH 
of  prepared  solutions  of  varying  alumina  content  used  in  the 
preparation  of  calibration  curves  and  of  actual  samples  indicated 
that  the  pH  could  be  adjusted  by  the  method  described  to  1.35  ± 
0.1  pH  before  the  addition  of  molybdate.  Typical  data  on  pH 
obtained  by  this  procedure  are  given  in  Table  I. 

Progression  of  Color.  Kahler  (4)  pointed  out  that  the  use 
of  acetic  acid  at  a  relatively  high  pH  caused  considerable  color 
progression.  This  effect  could  not  be  disregarded  if  acetic  acid 
were  to  be  used  to  prevent  the  hydrolysis  of  aluminum  salts. 
To  check  the  color  progression  of  molybdenum  blue,  with  and 
without  the  presence  of  aluminum  salts,  solutions  were  prepared 
in  the  same  manner  as  for  the  calibration  curves.  The  molyb¬ 
disilicic  acid  formed  by  the  addition  of  ammonium  molybdate 
was  reduced  with  sodium  sulfite  as  described  in  the  procedure, 
the  solutions  were  immediately  diluted  to  250  ml.,  and  trans¬ 
mittance  measurements  were  made  at  several  time  intervals. 
Results  of  typical  tests  are  shown  in  Figure  1. 

It  was  found  that  the  rate  of  color  development  levels  off  after 
10  minutes,  although  the  maximum  intensity  of  color  is  not 
reached  for  several  hours.  The  presence  of  aluminum  salts  also 
appeared  to  retard  maximum  color  development.  Although  the 
results  shown  in  Figure  1  were  obtained  on  clear  solutions,  inter¬ 
ference  from  hydrolysis  of  aluminum  salts  was  encountered  on 
some  of  the  samples.  This  difficulty  was  met  by  varying  the 


procedure  slightly  to  incorporate  the  addition  of  5  ml.  more  of 
1+2  acetic  acid,  8  minutes  after  the  addition  of  sulfite. 

Effect  of  Aluminum  Salts.  Using  the  conditions  outlined 
above,  a  series  of  tests  was  made  to  see  what  effect  variations  in 
aluminum  salt  concentration  have  upon  color  development. 
During  these  tests,  0.5  mg.  of  silica  was  added  to  each  sample, 
and  the  addition  of  alumina  was  varied  from  0.0  through  0.8 
gram.  These  tests  also  included  pH  determinations  before  the 
addition  of  ammonium  molybdate  and  after  the  measurement  of 
transmittance.  The  results  are  given  in  Table  I. 

Apparently,  increases  in  concentrations  of  aluminum  salts,  up 
to  0.4  gram  of  alumina,  cause  a  corresponding  retardation  of  color 
development.  These  variations,  obviously  too  significant  to  be 
ignored,  were  minimized  by  the  preparation  of  two  calibration 
curves  covering  the  range  0.1  to  0.4  gram  of  alumina.  At  least 
three  factors  may  exert  an  influence  upon  the  lower  transmittance 
values  found  with  the  0.6-  and  0.8-gram  alumina  concentrations. 
These  are  lower  initial  pH  values  before  addition  of  molybdate, 
lower  pH  during  reduction  with  sulfite,  and  traces  of  silica  from 
the  aluminum  salts.  Difficulty  in  redissolving  these  larger 
amounts  of  alumina  made  continued  study  of  these  points  in¬ 
advisable. 


Figure  1.  Progression  of  Molybdenum  Blue 


Effect  of  Sodium  and  Boron  Salts.  Before  applying  the 
method  to  the  analysis  of  calcined  alumina,  the  effects  of  larger 
amounts  of  sodium  salts  and  of  boron  salts  were  investigated. 
Solutions  similar  to  those  used  for  the  preparation  of  calibration 
curves  and  containing  2.6  grams  of  sodium  hydroxide  and  0.7 
gram  of  boric  oxide  were  analyzed  for  silica.  The  results,  after 
subtraction  of  reagent  blanks,  indicated,  no  effect  from  these 
fluxing  reagents. 

Effect  of  Iron  Salts.  Solutions  identical  with  those  used 
for  checking  the  effects  of  boron  and  sodium,  to  which  had  been 
added  0.5  and  1.5  mg.  of  FeaCh  as  ferric  chloride,  were  analyzed 
for  silica.  No  significant  difference  in  results  was  observed. 

Effect  of  Phosphorus.  Solutions  similar  to  those  used  for 
preparation  of  calibration  curves  and  containing  0.2  gram  of 


Table  II.  Effect  of  Phosphorus  on  Photometric  Determination  of 


Si02  Added 

Silica 

PjO»  Added 

SiOj  Found 

Mo. 

Mo. 

Mg. 

0.20 

0.2 

0.21 

0.20 

0.5 

0.22 

0.20  ' 

1.0 

0.24 

0.60 

0.2 

0.61 

0.60 

0.5 

0.65 

0.60 

1.0 

0.70 

1.00 

0.2 

1.02 

1.00 

0.5 

1.07 

1.00 

1.0 

1.11 
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alumina  in  each  instance  and  varying  quantities  of  silica  and 
phosphorus  pentoxide  as  phosphoric  acid  were  analyzed  in  the 
usual  manner.  Results  are  shown  in  Table  II. 
i  The  interference  from  phosphorus  was  considerable.  However, 
the  lowest  amount  tested  was  larger  than  the  amount  ordinarily 
encountered  in  0.4  gram  of  alumina.  Approximate  corrections 
for  phosphorus  are  probably  feasible  in  the  few  instances  where 
the  phosphorus  pentoxide  content  of  the  sample  exceeds  0.2  mg. 

APPLICATION  TO  SODIUM  ALUMINATE  SOLUTIONS 

I; 

Two  samples  of  highly  colored  sodMim  aluminate  liquors  from 
the  Bayer  process  were  analyzed  gravimetrically  by  double  de¬ 
hydration  with  sulfuric  acid  and  by  the  photometric  method. 
Results  are  shown  in  Table  III. 


Table  III.  Comparative  Analyses  for  Silica  in  Sodium  Aluminate 

Solutions 

Sample  SiOs,  Grams  per  Liter 

No.  Gravimetric  Photometric 

1°  0.287  ±  0.005  0.287  ±0.002 

2*  0.319  ±  0.014  0.326  ±0.001 

°  Average  of  three  values. 


APPLICATION  TO  CALCINED  ALUMINA 

Three  samples  of  calcined  alumina  previously  analyzed  by  the 
standard  gravimetric  method,  which  involves  decomposition  of 
the  sample  with  potassium  pyrosulfate  and  double  dehydration 
of  the  silica  with  sulfuric  acid,  were  analyzed  by  the  photometric 
method  (Table  IV). 

APPLICATION  TO  ALUMINUM  METAL 

Three  samples  of  aluminum  metal  were  analyzed  gravime  tri¬ 
sally  by  double  dehydration  with  sulfuric  acid  after  decomposition 
,vith  sodium  hydroxide  and  hydrogen  peroxide  and  by  the  photo¬ 
metric  method.  The  results  are  shown  in  Table  V. 

For  comparative  purposes,  the  data  in  Tables  III,  IV,  and  V 
.vere  reported  to  one  significant  figure  more  than  is  justified  by 
:he  accuracy  of  the  methods  used. 

PRECISION  AND  ACCURACY 

The  precision  of  the  method  is  illustrated  best  by  the  analysis 
of  the  sodium  aluminate  solutions.  On  the  basis  of  the  results  in 
Fable  III  and  similar  results  from  the  analysis  of  less  highly 
colored  liquors,  the  method  is  believed  to  have  a  precision  within 
3.02  mg.  of  silica.  On  the  basis  of  the  optimum  amount  of  silica 
determinable,  0.5  mg.,  this  represents  a  precision  of  4%. 


Table  IV.  Comparative  Analyses  for  Silica  in  Calcined  Alumina 

Sample  SiOj,  Per  Cent 

No.  Gravimetric0  Photometric* 1 2 3 4 5 6 


1  0.041  ±  0.001  0.041  ±0.011 

2  0.076  ±  0.010  0.077  ±0.006 

3e  0.256  ±  0.008  0.294  ±  0.009 

°  Average  of  three  values. 

6  Average  of  six  values. 

e  Sample  3  contained  0.57%  of  P2O5.  Difference  in  results  is  attributed  to 
positive  error  caused  by  presence  of  P2OS. 


This  degree  of  precision  was  not  attained  in  the  analysis  of 
alumina  and  aluminum.  A  comparison  of  the  results  in  Tables 
IV  and  V,  obtained  by  both  gravimetric  and  photometric  meth¬ 
ods,  indicates  that  the  precision  of  the  two  methods  is  essentially 
the  same.  Possible  heterogeneity  of  the  samples  may  have  af- 
'ected  results  obtained  when  using  both  the  gravimetric  and 
photometric  procedures. 

The  data  in  Tables  IV  and  V  indicate  that,  although  there  is 
good  agreement  between  the  two  methods  when  applied  to 
alumina,  consistently  high  results  are  obtained  when  the  photo¬ 


metric  method  is  applied  to  aluminum.  This  discrepancy  cannot 
be  explained  by  incomplete  oxidation  of  silicon,  since  clear  solu¬ 
tions  resulted  when  the  sodium  hydroxide-hydrogen  peroxide 
solutions  of  the  samples  were  acidified  with  sulfuric  acid. 

An  explanation  of  the  discrepancy  between  the  results  obtained 
in  the  analysis  of  alumina  and  those  obtained  in  the  analysis  of 
aluminum  may  be  derived  from  consideration  of  (a)  the  loss  of 
silica  during  a  double  dehydration  with  sulfuric  acid,  and  ( b ) 
the  silica  content  of  the  analytical  reagents  used.  Hillebrand 
and  Lundell  (2)  reported  consistently  low  results  in  the  gravi¬ 
metric  determination  of  silica,  and  attribute  the  losses  to  the 
solubility  of  silica  in  the  dehydrating  acid  (hydrochloric  or  sul¬ 
furic).  The  error  inherent  in  the  gravimetric  method  was  veri¬ 
fied  experimentally  by  analyzing  solutions  of  aluminum  sulfate 
to  which  known  amounts  of  silica  had  been  added.  Low  results 
were  obtained  in  every  analysis.  The  principal  reagents  entering 
into  the  analyses  were  those  used  to  effect  dissolution  of  the 
samples — namely,  potassium  pyrosulfate  for  the  alumina  and 
sodium  hydroxide  for  the  aluminum.  Both  reagents  contained 
traces  of  silica  detectable  by  spectrographic  means.  Since  the 
quantity  of  reagent  used  with  the  alumina  was  about  12  times 
that  used  with  the  aluminum,  the  silica  loss  during  dehydration 
of  the  alumina  solution  may  have  been  compensated  by  reagent 
impurity,  whereas  no  such  compensation  occurred  in  dehydration 
of  the  solution  of  aluminum.  In  view  of  this  probability,  to¬ 
gether  with  the  fact  that  the  discrepancies  between  the  gravi¬ 
metric  and  photometric  analyses  of  aluminum  represent  differ¬ 
ences  of  the  order  of  only  1  mg.  of  silica  per  5  grams  of  alumina, 
it  was  concluded  that  the  results  obtained  photometrically  prob¬ 
ably  represent  more  nearly  the  absolute  silica  content  of  alumi¬ 
nous  materials. 


Table  V.  Comparative  Analyses  for  Silicon  in  Aluminum 

Sample  Si,  Per  Cent 

No.  Gravimetric  Photometric 


1°  0.094  ±0.008  0.117  ±0.001 

2°  0.259  ±  0.005  0.293  ±  0.013 

36  0.278  ±  0.008  0.297  ±0.004 

0  Average  of  six  values. 

6  Average  of  three  values. 


DISCUSSION 

The  method  described  makes  use  of  the  molybdenum  blue  re¬ 
action  for  determining  silica  under  carefully  controlled  conditions. 
Variables  are  compensated  for  by  means  of  calibration  curves  for 
combinations  of  reagents  that  simulate  actual  samples.  Some 
of  the  conditions  were  chosen  arbitrarily;  others  were  determined 
experimentally. 

A  number  of  calibration  curves  for  solutions  of  varying  con¬ 
centrations  of  aluminum  salts  were  prepared.  Although  the 
curves  for  0.1  and  0.2  gram  of  alumina  were  sufficiently  concord¬ 
ant  to  be  considered  identical,  an  appreciable  difference  was  noted 
in  the  curves  based  on  0.08  and  0.40  gram  of  alumina.  This 
made  advisable  the  use  of  more  than  one  calibration  curve. 
When  curves  are  constructed  for  0.2  and  0.4  gram  of  alumina  per 
250  ml.,  samples  containing  from  0.0  to  0.4  gram  of  alumina 
may  be  analyzed  with  reasonable  accuracy.  For  more  precise 
work  it  is  necessary  to  prepare  calibration  curves  covering  the 
range  0.0  to  0.1  gram  of  alumina  per  250  ml. 

No  attempt  has  been  made  to  apply  this  method  to  aluminum 
alloys. 
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VISCOSITY  MEASUREMENT 

Master  Viscometers 

M.  R.  CANNON,  School  of  Chemistry  and  Physics,  The  Pennsylvania  State  College,  State  College,  Pa. 


This  paper  describes  the  construction  and  operation  of  two  types  of 
master  viscometers  designed  for  accurately  calibrating  the  various 
types  of  routine  viscometers  now  in  extensive  use.  The  first  instru¬ 
ment  is  calibrated  directly  with  water  at  20°  C.  The  remaining 
instruments  of  larger  bore  are  then  calibrated  against  the  first  by 
means  of  hydrocarbons  of  suitable  viscosity.  These  calibrated 
master  viscometers  are  used  to  establish  accurately  the  viscosity  of  a 
whole  series  of  calibrating  fluids  to  be  used  in  calibrating  routine 
viscometers.  Since  some  fluids  change  in  viscosity  with  age,  the 
master  instruments  are  employed  to  check  the  standard  fluids  two  or 
three  times  per  year.  The  opaque-type  master  is  useful  in  handling 
very  dark  or  opaque  liquids  and  in  studying  the  drainage  effect  in 
viscosity  measurements. 

IN  TWO  previous  papers  ( 3 ,  4)  simple  and  accurate  routine 
viscometers  were  described  for  the  measurement  of  the  vis¬ 
cosities  of  liquids  ranging  from  one  third  to  more  than  two 
thousand  times  the  viscosity  of  water.  A  special  design  {4)  is 
necessary  for  the  case  where  the  test  liquid  is  so  dark  or  opaque 
that  the  operator  cannot  see  through  glass  that  is  wet  with  a  thin 
film  of  it. 

Before  these  routine  viscometers  are  usable  it  is  necessary  to 
calibrate  them  accurately.  This  paper  describes  suitable  master 
viscometers  which  were  designed  and  are  now  used  by  many 
laboratories  for  this  special  purpose.  Obviously,  it  is  not 
necessary  for  each  laboratory  to  secure  master  viscometers,  since 
calibrated  routine  viscometers  are  available  through  scientific 
supply  companies.  However,  many  large  laboratories  desire  to 
maintain  complete  calibration  facilities  and  for  them  master 
viscometers  are  recommended.  It  is  unnecessary  to  use  master 
viscometers  in  the  calibration  of  the  special-type  routine  vis¬ 
cometer  for  nonviscous  liquids  (viscosity  range  of  0.3  to  2  centi- 
poises)  shown  as  Figure  2  in  reference  (3),  since  these  can  be  cali¬ 
brated  directly  with  water  (1). 

OPERATION  OF  MASTER  VISCOMETERS 

These  instruments  are  used  in  exactly  the  same  manner  as  the 
routine  viscometers  ( 3 ,  4))  in  fact,  the  only  major  difference  is 
in  capillary  length  and  the  height  of  driving  liquid  head.  Most 
of  the  errors  encountered  in  viscometry  are  caused  by  a  loss  of 
driving  head  and  can  be  reduced  in  magnitude  by  having  a  large 
driving  head.  In  this  respect  the  master  viscometers  have  four 
times  the  head  available  in  the  routine  type.  When  made  with 
the  dimensions  shown  they  will  fit  readily  into  a  constant- 
temperature  bath  60  cm.  (24  inches)  deep. 

In  order  to  charge,  the  instrument  is  held  in  an  inverted  vertical 
position  with  the  capillary  side  submerged  in  the  liquid  under 
test.  Suction  is  then  applied  to  the  other  arm  of  the  instrument 
and  the  meniscus  is  brought  to  mark  F.  The  instrument  is  then 
revolved  to  its  normal  vertical  position  and  placed  in  the  constant- 
temperature  bath.  It  may  be  quickly  aligned  to  a  vertical  posi¬ 
tion  with  the  aid  of  a  small  plumb  bob  made  from  a  piece  of  silk 
thread  and  a  small  piece  of  lead  wire  attached  to  a  small  cork  to 
fit  into  the  1.2-cm.  viscometer  leg. 

When  the  bath  temperature  is  attained  suction  is  applied  to 
raise  the  meniscus  into  bulb  A,  Figure  1.  The  efflux  time  is  then 
measured  for  the  liquid  to  discharge  from  between  the  etched 
marks  above  and  below  bulb  B.  Check  runs  are  made  by  re¬ 
peating  this  procedure.  When  using  the  master  instrument 
(Figure  2)  it  is  necessary  to  close  the  upper  capillary  with  a  short 
piece  of  rubber  tubing  and  pinchclamp  after  allowing  the  fluid  to 
drain  from  the  upper  capillary  into  A;  times  are  measured  for 
filling  bulbs  C  and  D  after  bath  temperature  is  attained.  Vis¬ 
cosities  calculated  by  the  constants  for  C  and  D  should  agree. 


Unlike  the  master  viscometer  of  Figure  1,  check  runs  can  be 
made  with  the  opaque  type  only  by  cleaning  and  reloading.  The 
opaque  type  has  the  advantage  of  no  drainage  errors  and  opaque 
liquids  can  be  tested.  It  has  the  disadvantages  of  longer  time  to 
attain  bath  temperature  (as  much  as  five  times  as  long  as  the 
other  type) ,  since  the  oil  is  stagnant  during  heating,  and  a  lengthy 
time  for  check  runs.  In  general,  the  normal  type  shown  as  Figure 
1  is  preferable,  but  if  one  wishes  to  study  drainage,  handle  opaque 
liquids,  or  increase  rates  of  shear  by  applied  external  pressure  the 
opaque  type  is  best.  'Where  external  pressures  are  applied  to 
increase  shearing  rate,  drainage  errors  would  be  serious  in  the 
normal-type  viscometer. 

CALIBRATION  PROCEDURE 

The  viscosity  of  water  is  probably  known  to  a  higher  degree  oi 
accuracy  than  any  other  liquid.  Its  complete  stability  and  gen¬ 
eral  availability  make  it  an  excellent  reference  liquid  for  all  rela¬ 
tive  viscosity  measurements.  Therefore,  a  master  viscometer  of 
small  capillary  bore  is  calibrated  by  means  of  distilled  water  at 
20°  C.  where  the  kinematic  viscosity  of  water  is  1.007  centi- 


Figure  1 .  Master  Viscometer,  Normal  Type 
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stokes.  This  figure  may  be  inaccurate  to  the  extent  of  ±0.5%. 
However,  if  all  laboratories  use  this  figure  relative  viscosities  can 
be  measured  with  a  higher  degree  of  accuracy,  since  the  measure¬ 
ment  of  relative  viscosities  is  much  simpler  than  the  measurement 
of  absolute  viscosities.  Fortunately,  practically  all  viscometers 
in  use  in  this  country  and  abroad  have  been  calibrated  using  this 
primary  reference  viscosity  of  1.007  cs.  at  20°  C.,  thanks  largely 
|  to  the  efforts  of  the  viscosity  subcommittee  of  the  American 
Society  of  Testing  Materials.  In  addition,  values  of  0.689 
centistoke  for  water  at  100°  F.  (37.78°  C.)  and  0.518  centistoke 
at  130°  F.  (54.44°  C.)  are  recommended  by  A.S.T.M. 

When  the  small-bore  master  viscometer  has  been  calibrated 
with  water,  a  more  viscous  hydrocarbon  may  be  tested  in  it  and 
this  in  turn  used  to  calibrate  a  second  master  viscometer  of  larger 
capillary  bore,  which  could  not  be  calibrated  directly  with  water 
because  of  high  capillary  velocity  with  resulting  low  efflux  time 
and  a  high  and  inaccurately  known  kinetic  energy  correction.  A 
third  and  fourth  master  viscometer  of  successive  larger  capillary 
bores  may  then  be  calibrated  in  a  similar  manner.  In  order  to 
avoid  cumulative  error  in  this  step-up  procedure,  each  may  be 
further  checked  against  the  first  master  viscometer  by  means  of 
suitable  oils.  When  the  fourth  is  checked  against  the  first  it 
means  that  the  efflux  time  may  be  4  minutes  in  the  fourth  and  24 
hours  in  the  first.  While  this  procedure  is  lengthy,  it  need  be 
done  but  once  each  year  when  master  viscometers  are  checked. 

When  the  master  viscometers  are  calibrated,  a  series  of  oils  or 
pure  hydrocarbons  is  then  tested  and  their  viscosities  are  accu¬ 
rately  established.  These  standardized  fluids  are  then  employed 
for  the  daily,  weekly,  or  monthly  calibrations  of  routine  viscom- 
ters  such  as  the  Cannon-Fenske  type  (3,  4),  the  Ubbelohde 
type  ( 8 ),  the  Zeitfuchs  type  ( 9 ),  or  any  of  the  other  accurate  rou¬ 
tine  viscometers  now  in  extensive  use. 

The  calibrating  fluids  should  be  carefully  selected  or  prepared. 
Many  lubricating  oils  increase  in  viscosity  from  0.5  to  1.0%  per 
year  by  aging  at  room  temperature.  In  general,  these  can  be 
stabilized  by  desludging  with  aluminum  chloride  or  by  solvent 
refining  followed  by  the  addition  of  a  suitable  oxidation  inhibitor. 
Since  the  oils  are  stored  at  room  temperature  stabilizing  is  not 
difficult.  A  series  of  high  viscosity  index  stabilized  oils  in  use 
since  1933  has  not  changed  in  viscosity  by  0.2%  to  date.  It  is 
preferable  to  store  in  glass  rather  than  metal  cans  and  it  should 
be  a  laboratory  rule  that  when  a  sample  of  oil  is  removed  from 
storage  it  should  be  discarded  after  use. 

The  number  of  oils  to  be  standardized  for  use  as  calibrating 
fluids  will  vary  with  the  needs  of  laboratories.  The  writer  finds 
a  series  of  14  such  oils  ranging  in  viscosity  from  1  to  3000  centi- 
stokes  by  a  rough  factor  of  2  between  each  adjacent  pair  (1  cs., 
2  cs.,  4  cs.,  etc.)  to  be  very  convenient.  One  can  operate  with 
fewer  oils  but  calibrations  will  require  a  longer  time. 

It  is  necessary  to  calibrate  a  viscometer  at  only  one  tempera¬ 
ture,  since  the  change  of  viscometer  constant  with  temperature 
is  very  small  and  can  be  calculated  (3).  This  variation  of  con¬ 
stant  with  temperature  amounts  to  only  0.5%  for  a  change  of 
43.33°  C.  (110°  F.)  in  the  routine  type  (3,  4)  as  proved  by  experi¬ 
ment.  It  is  much  smaller  in  the  master  type  described  here. 
This  change  in  constant  with  temperature  is  due  to  a  change  in 
volume  of  liquid  in  the  instrument  with  temperature  change 
since  the  viscometers  are  charged  at  room  temperature. 

MAGNITUDE  AND  SOURCE  OF  ERRORS 

Viscosity  is  usually  calculated  from  efflux  times  by  means  of 
Poiseuille’s  equation  corrected  for  kinetic  energy  loss  as  follows: 

irv  —  03  ivgHrH  mV 
A  V  ~  p  ~  8 LV  ~  8 vU 

This  is  usually  given  as: 

KV  = 


Figure  2.  Master  Viscometer,  Opaque  Type 


where  KV  =  kinematic  viscosity  in  stokes 
co  =  viscosity  in  poises 
p  =  density  in  grams  per  cc. 

g  =  gravitational  constant  in  cm.  per  second  per  second 
H  =  driving  fluid  head  in  cm. 
r  =  capillary  radius  in  cm. 
t  =  efflux  time  in  seconds 
L  =  capillary  length  in  cm. 

V  =  efflux  volume  in  cc. 
m  =  kinetic  energy  correction  coefficient 
_  irgHr* 

L  8  LV 


Hundreds  of  experiments  have  shown  that  C  is  a  constant  for 
long  capillary  viscometers.  However,  B  will  be  a  constant  only 
if  m,  the  kinetic  energy  correction  coefficient,  is  a  constant. 
From  a  theoretical  standpoint  one  would  not  expect  m  to  be  a 
constant  and  recent  extensive  measurements  indicate  that  m 
varies  with  Reynolds  number  as  well  as  with  the  shape  of  the 
capillary  entrance  and  exit.  If  one  employs  a  symmetrical  vis¬ 
cometer  the  value  of  m  will  be  different  for  flow  to  left  than  for 
flow  to  right.  Bingham  and  Geddes  (2)  and  Spooner  and  Serex 
(7)  have  made  such  measurements  and  found  wide  variations  in 
m — for  example,  (2)  an  m  of  1.46  for  flow  to  left  and  an  m  of  0.74 
for  flow  to  right,  and  (7)  an  m  of  3.05  for  flow  to  left  and  an  m  of 
1.52  for  flow  to  right.  This  indicates  the  extreme  sensitiveness 
of  this  loss  of  driving  force  at  the  capillary  ends.  It  is,  of  course, 
not  surprising  to  find  a  different  value  of  m  for  different  flow 
directions,  since  the  exit  end  of  the  capillary  contributes  more  to 
m  than  does  the  entrance  end.  Consequently,  if  there  are  slight 
differences  in  the  shape  of  the  two  ends  m  will  vary  with  direction 
of  flow. 

For  the  master  viscometers  described  here  and  the  routine 
viscometers  previously  described,  where  all  capillary  ends  are 
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gradually  tapered,  experiments  show  that  m  does  not  exceed  0.5. 
However,  since  it  does  vary,  the  safest  procedure  is  so  to  design 
the  viscometers  that  the  term  B/t  is  negligible  compared  to  the 
term  Ct  and  the  above  equation  then  becomes 

KV  =  Ct 

If  fluids  of  widely  different  viscosities  leave  different  quantities 
of  liquid  on  the  walls  of  the  efflux  bulb  for  routine  viscometers  ( 3 ) 
and  the  master  viscometer  shown  as  Figure  1,  then  C  will  not  be  a 
constant,  since  this  drainage  will  change  V.  The  master  viscom¬ 
eter  shown  as  Figure  2  is  free  of  drainage  error,  since  the  liquid 
is  entering  clean  dry  bulbs.  On  all  oils  investigated  in  the  two 
master-type  instruments  it  was  found  that  C  is  a  true  constant. 
This  means  that  the  rate  of  drainage  is  inversely  proportional  to 
the  viscosity.  Thus,  a  300-centistoke  oil  will  drain  at  only  one 
third  the  rate  of  a  100-centistoke  oil  but  the  total  drainage  time 
will  be  three  times  as  great  for  the  300-centistoke  oil  and  so  in 
each  case  the  degree  of  drainage  is  the  same. 

The  equations  and  methods  for  calculating  the  various  correc¬ 
tions  in  basic  calibration  work  have  been  presented  in  detail  (S), 
and  are  not  repeated  here.  The  magnitude  of  the  corrections  for 
the  master  viscometer  shown  as  Figure  1  is:  (a)  kinetic  energy 
correction  0.04%  for  water  at  20°  C.,  less  for  more  viscous  fluids; 
(6)  surface  tension  correction  when  using  water  and  hydrocarbons 
in  the  same  instrument,  0.09%;  (c)  change  of  viscometer  con¬ 


stant  with  temperature,  0.03%  per  30°  C.  change  in  temperature. 
For  the  master  viscometer  shown  as  Figure  2  the  same  figures 
apply,  except  (c)  is  0.1%  per  30°  C.  since  the  charge  is  greater. 

Results  are  reproducible  in  these  instruments  to  within  0.1% 
and  consequently  relative  viscosities  can  be  measured  to  that 
degree  of  precision.  Absolute  viscosities  depend  upon  the  error 
inherent  in  the  value  of  1.007  centistokes  taken  for  water  at  20°  C. 
This  is  probably  in  the  order  of  ±0.5%.  These  master  viscom¬ 
eters  are  an  improvement  over  those  described  earlier  ( 5 ,  6). 
The  capillary  diameter  required  for  a  given  constant  C  can  be 
calculated  from  the  equations  above. 
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Gum  Content  of  Distillate  Diesel  Fuels 

L.  W.  DICKEY  and  ROY  HENRY 
Standard  Oil  Company  of  California,  Richmond,  Calif. 


THE  gum  content  of  distillate  Diesel  fuels  is  of  less  signifi¬ 
cance  in  their  evaluation  than  is  this  property  of  gasolines; 
there  are,  however,  occasions  when  it  is  necessary  to  compare 
two  Diesel  fuels  with  respect  to  their  tendency  to  form  gum. 
Furthermore,  the  advent  of  increasing  quantities  of  cracked 
Diesel  fuels,  complicated  by  the  catalytic  action  of  various  metals 
with  which  such  fuels  may  come  in  contact,  makes  it  pertinent  to 
establish  a  method  by  which  the  gum  content,  preformed  and  po¬ 
tential,  may  be  determined. 

The  following  conditions  for  the  evaporation  of  the  fuel  were 
established  as  satisfactory,  after  testing  out  numerous  variations. 

APPARATUS 

Erlenmeyer  flask,  capacity  50  ml.  Condenser,  Liebig  type, 
water-cooled,  with  adapter,  preferably  sealed  on.  Filtering 
flask,  capacity  1  liter.  Oil  bath.  Source  of  inert  gas  (natural, 
artificial,  nitrogen,  carbon  dioxide).  Vacuum  pump. 

PROCEDURE 

Transfer  25  ml.  of  the  Diesel  fuel  to  a  tared  50-ml.  Erlenmeyer 
flask.  Connect  the  flask  to  the  condenser  and  to  the  source  of 
inert  gas  by  means  of  a  cork  stopper  fitted  with  two  glass  tubes, 
the  ends  of  which  are  flush  with  the  bottom  of  the  cork.  Attach 
the  filtering  flask  to  the  condenser  adapter  by  means  of  a  rub¬ 
ber  stopper,  and  connect  the  side  arm  of  the  flask  to  a  source  of 
vacuum.  Apply  a  vacuum  of  50  to  55  cm.  (20  to  22  inches)  of 
mercury  to  the  assembly,  and  pass  gas  into  the  system  at  a  rate 
of  approximately  250  ml.  per  minute. 

Immerse  the  flask  in  an  oil  bath  heated  to  that  temperature  at 
which  the  sample  will  be  evaporated  practically  to  dryness  in 
45  =*=  5  minutes.  (This  temperature  will  generally  be  approxi¬ 
mately  150°  F.  below  the  90%  point  of  the  A.S.T.M.  D158 
distillation.)  At  the  end  of  the  specified  time  increase  the  bath 
temperature  50°  F.,  and  increase  the  rate  of  gas  flow  to  approxi¬ 
mately  500  ml.  per  minute.  Maintain  these  conditions  for  10  to 
15  minutes;  then  remove  the  oil  bath,  shut  off  the  vacuum,  and 
increase  the  flow  of  gas  until  the  pressure  in  the  system  is  approxi¬ 
mately  atmospheric. 

Disconnect  the  tared  Erlenmeyer  flask,  add  25  ml.  of  a  mixture 
of  equal  parts  of  carbon  tetrachloride  and  acetone  to  the  flask, 
and  evaporate  to  dryness  on  the  steam  bath.  Connect  the 
flask  to  the  condenser  as  before,  again  apply  the  vacuum,  and 
with  the  gas  flow  and  temperature  as  previously  established  for 


the  end  phase  of  the  evaporation  heat  the  flask  for  approximately 
15  minutes.  Disconnect  the  flask  as  previously  described,  clean 
the  outside  thoroughly,  and  weigh. 

Mg  of  gum  per  100  ml.  =  mg.  gain  in  weight  X  4 

Following  the  procedure  outlined  samples  of  Diesel  fuels  and 
various  distillate  fractions  of  similar  boiling  range  were  tested, 
primarily  to  establish  the  repeatability  of  the  method  over  as 
wide  a  range  as  was  possible  with  the  stocks  available.  The 
data  are  presented  in  Table  I. 

VARIABLES  INVESTIGATED 

The  procedure  described  constitutes  a  purely  empirical  test, 
as  are  all  similar  methods  for  measuring  gum  in  petroleum  prod¬ 
ucts.  It  is  therefore  necessary  that  all  details  of  the  test  be 
standardized  and  followed  if  results  of  useful  precision  are  to  be 
obtained. 

The  following  variables  were  investigated  in  arriving  at  the 
selected  test  conditions. 

Degree  of  Vacuum.  A  vacuum  of  50  to  55  cm.  (20  to  22 
inches)  of  mercury  was  found  adequate  to  volatilize  25  ml.  of  fuel 
within  an  hour,  varying  the  temperature  to  suit  the  stock  and 
keeping  this  to  a  reasonable  maximum.  With  this  degree  of 
vacuum  there  is  little  danger  of  collapsing  the  flask,  and  it  is 
easier  to  avoid  trouble  from  leaks. 

Evaporation  Time.  Polymerization  under  the  conditions  ex¬ 
isting  in  the  test  is  a  function  of  both  time  and  temperature. 
The  total  period  during  which  the  sample  is  heated  is  set  at  about 
one  hour.  This  period  was  arbitrarily  selected,  and  further  ex¬ 
perience  with  the  test,  using  a  wider  range  of  fuels,  may  show  that 
the  heating  period  can  be  reduced  or  that  a  longer  period  would  be 
more  satisfactory. 

Amount  of  Sample.  The  amount  of  sample  selected,  25  ml., 
is  sufficient  to  give  a  weighable  residue  with  the  Diesel  fuels 
available  to  the  authors,  and  it  behaved  satisfactorily  in  the  ap¬ 
paratus  selected.  The  residue  from  smaller  samples  must  be 
multiplied  by  a  larger  factor,  and  small  errors,  obviously,  would  be 
proportionally  magnified. 
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Table  I.  Gum  in  Petroleum  Products 


Cracked  Naphtha 
Rerun  Still 
Bottoms 


-Gas  Oil— 


Com¬ 

mer¬ 

cial 

Die¬ 

sel 

Base, 

Un- 


Gas  Oil 


Commercial  Diesel, 
Treated 


Gas  Oil 


Gravity, 

°  A.P.I. 
Distillation, 
A.S.T.M. 
D158 
10% 

60% 

90% 

End  point 
Gum,  mg. 
per  100 
ml. 

Evaporation 
tempera¬ 
ture,  °  F. 
Start 
Final 


n  treated 

Treated 

A 

B 

C 

treated 

D 

E 

A 

B 

C 

(Crackt 

29.2 

28.9 

33. 

1  31. 

4  31. 

8  38.3 

34.3 

29. 

1  38. 

8  39. 

1  41. 

2  28. 

442 

442 

560 

430 

436 

378 

483 

614 

390 

398 

390 

456 

480 

480 

596 

522 

530 

436 

538 

650 

432 

438 

427 

503 

573 

673 

653 

640 

648 

510 

579 

660 

504 

510 

492 

611 

617 

617 
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715 

719 

564 

616 

692 

560 

565 

548 

654 

82 

27 

30 

70 

60 

8 

18 

40 

12 

8 

8 

52 

86 

26 

29 

70 

58 

6 

22 

41 

14 

9 

9 

48 

400 

400 

500 

450 

450 

350 

400 

500 

350 

350 

350 

450 

450 

450 

550 

500 

500 

400 

450 

550 

400 

400 

400 

500 

Table  II. 

Sample 


Results  of  Tests 


Fuel  Sample  1 


Residue 
Mg./lOO  ml. 


Without  oxidation 

8 

12 

Av.  9 

8 

5  hours  in  bomb,  no  catalyst 

16 

16 

Av.  19 

20 

5  hours  in  bomb,  iron  and  brass  catalyst 

88 

92 

Av.  90 

90 

Fuel  Sample  2 

Without  oxidation 

124 

128 

Av.  125 

124 

5  hours  in  bomb,  no  catalyst 

212 

216 

Av.  215 

216 

5  hours  in  bomb,  iron  and  brass  catalyst 

1464 

1452 

Av.  1458 

1460 

Rate  of  Gas  Flow.  In  order  to  keep  oxidation  and  poly¬ 
merization  at  a  minimum  the  oil  vapors  should  be  removed 
speedily  from  the  flask.  A  current  of  inert  gas  does  this  satis¬ 
factorily.  Natural  gas  was  used  in  this  work  because  it  was  avail¬ 
able  and  cheap,  but  nitrogen  or  carbon  dioxide  would  be  equally 
satisfactory.  Artificial  gas  varies  considerably  in  composition 
and  purity;  however,  there  seems  no  reason  why  it  would  not 
serve  the  purpose  as  well  as  natural  gas. 

The  rate  of  gas  flow  does  not  appear  to  be  critical.  At  250 
ml.  per  minute  the  velocity  is  just  sufficient  to  sweep  out  the  oil 
vapors.  A  higher  rate  of  gas  flow  accelerates  the  evaporation, 
but  oil  was  carried  over  mechanically  and  there  was  some  cooling 
of  the  flask,  both  factors  causing  erratic  results.  However,  it 
was  found  that  the  gas  flow  could  be  increased  to  advantage  when 
the  evaporation  was  practically  complete. 

Temperature  of  Evaporation.  It  is  obvious  from  the  dis¬ 
tillation  range  of  oils  covered  by  the  general  term  “distillate  Diesel 
fuels”  that  it  is  not  possible  or  at  least  not  desirable  to  specify 
a  single  bath  temperature  for  the  test,  if  a  limiting  evaporation 
period  is  also  specified.  From  the  standpoint  of  polymerization 
a  uniform  temperature  for  all  fuels  is  desirable;  however,  this 
would  force  completion  of  the  evaporation  of  certain  samples  at 
an  undesirably  rapid  rate,  whereas  the  evaporation  of  other  fuels 
would  be  unduly  prolonged.  The  authors’  work  indicated  that 
the  temperature  of  the  90%  point  of  the  A.S.T.M.  D158  dis¬ 
tillation  minus  150°  F.  correlated  fairly  well  with  the  desired 
evaporation  period,  at  least  sufficiently  to  give  a  good  lead  to  the 
operator  testing  an  unknown  stock. 

Re-evaporation  of  Residue.  The  residue  obtained  by 
simply  evaporating  to  an  apparently  oil-free  condition  contained 
varying  amounts  of  oil  held  by  a  surface  layer  of  nonvolatile  gum. 
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Solution  of  the  residue  in  acetone-carbon 
tetrachloride,  and  re-evaporation  to  dry¬ 
ness,  eliminated  this  source  of  error  and 
yielded  repeatable  results.  On  the  oils 
used  a  single  such  treatment  was  suffi¬ 
cient;  however,  it  may  be  desirable  to 
repeat  this,  giving  a  check  on  the  ap¬ 
proach  to  “constant”  weight. 

Nonvolatile  Residue  Other  Than 
Gum.  Diesel  fuels  may  contain  small 
amounts  of  lubricating  oil  or  other  non¬ 
volatile  oil-soluble  substances,  either 
added  intentionally  Or  present  as  the  re¬ 
sult  of  contamination.  The  residue  ob¬ 
tained  by  the  procedure  described  will 
obviously  include  such  material;  hence, 
the  entire  “gum”  content  may  not  be 

- - —  deleterious.  No  satisfactory  method  of 

distinguishing  between  gum — i.e.,  the 
product  of  the  oxidation  and/or  polymerization  of  hydrocarbons 
normally  present  in  the  Diesel  fuel  boiling  range — and  other 
nonvolatile  material  has  been  found. 

ACCELERATED  TEST 

Having  established  a  reasonably  repeatable  method  for  de¬ 
termining  the  “gum”  in  a  sample  by  evaporation,  various  means 
of  establishing  an  accelerated  test,  by  which  the  rate  of  gum 
formation  in  stored  Diesel  fuel  might  be  predicted,  became 
available.  The  dominant  factors  operating  upon  an  unstable 
fuel  are  heat,  pressure,  oxygen,  and  contact  with  catalyti- 
cally  active  metals,  all  of  which  speed  up  the  reactions  which 
form  gum.  The  possibilities  in  apparatus  and  range  of  con¬ 
ditions  are  endless,  and  the  method  which  correlates  most 
closely  with  service  and  storage  conditions  cannot  be  estab¬ 
lished  until  considerably  more  is  known  on  the  subject.  For 
the  authors’  purpose  it  seemed  suitable  to  subject  the  fuel  to 
the  same  conditions  as  are  set  up  by  the  Government  for  avia¬ 
tion  gasoline — i.e.,  a  bomb  under  45  kg.  (100  pounds)  oxygen 
pressure,  at  212°  F.,  using  a  catalyst.  Iron  and  brass  were  the 
catalysts  selected,  and  in  the  tests  reported  below  approximately 
100  sq.  cm.  (15  square  inches)  surface,  of  both  metals  in  each 
test  bottle,  were  used;  a  5-hour  test  was  judged  to  be  suitable; 
and  a  200-ml.  sample  in  a  235-ml.  (8-ounce)  sample  bottle  was 
taken.  Obviously,  in  a  standardized  test  the  composition  of  the 
metal  rods,  as  well  as  their  surface  area,  should  be  specified. 

Table  II  shows  the  results  of  tests  made  under  these  conditions, 
employing  the  previously  developed  evaporation  method  for 
measuring  the  gum  formed. 

Continuous  pressure  charts  were  made  during  the  heating  of 
these  samples.  Sample  1  showed  practically  no  pressure  drop; 
sample  2  without  catalyst  showed  an  early  pressure  drop,  but  the 
curve  did  not  continue  downward  appreciably;  the  same  sample, 
with  catalyst,  showed  a  similar  early  drop,  which  continued 
throughout  the  5  hours.  The  indications  of  the  pressure-drop 
curves  are  in  line  with  the  gum  tests  of  the  samples. 

SUMMARY 

The  evaporation  procedure  selected  is  sharply  repeatable  even 
with  such  a  high  “gum”  residue  as  1400  mg.  per  100  ml. — i.e., 
using  successive  portions  of  the  same  oxidized  sample — and  the 
authors  believe  that  it  gives  a  useful  measure  of  nonvolatile 
gummy  material  dissolved  in  the  oil  when  tested.  They  have  no 
data  as  to  the  amount  which  can  be  tolerated  in  actual  service. 

The  Army  induction  bomb  and  test  with  iron  and  brass  catalyst 
may  be  used  to  obtain  an  accelerated  test.  The  authors  have  no 
data  on  the  correlation  of  this  accelerated  test  with  service. 


Determination  of  Lithium  in  Its  Minerals 

SILVE  KALLMANN,  Ledoux  &  Co.,  155  Sixth  Avc,  New  York,  N.  Y. 


Since  the  methods  of  J.  L.  Smith  and  Berzelius  for  the  decompo¬ 
sition  of  minerals  of  the  silicate  type  and  the  isolation  of  the  alkali 
chlorides  are  unsatisfactory  for  the  determination  of  lithium  in  its 
minerals,  a  combination  of  the  two  procedures  is  proposed. 
The  sample  is  treated  with  hydrofluoric  acid  and  most  interfer¬ 
ing  elements  are  eliminated  by  precipitation  with  calcium  hydrox¬ 
ide.  The  residue,  which  invariably  occludes  some  lithium,  is 
submitted  to  a  fusion  similar  to  that  of  Smith.  Reprecipitation 
of  all  precipitates  obtained  in  the  course  of  analysis  is  essential. 
For  the  separation  of  lithium  from  the  other  members  of  the  alkali 
family,  gravimetric  methods  are  unreliable  and  extraction  methods 
require  repeated  treatments  of  the  insoluble  residue.  Of  the  pre¬ 
cipitation  methods,  the  n-hexanol  and  2-ethylhexano!  methods  are 
considered  best  for  moderate  amounts  of  lithium,  retreatment  of  the 
insoluble  precipitate  being  required  for  larger  quantities  of  lithium. 
The  n-butyl  alcohol-hydrogen  chloride  method  of  Willard  and 
Smith  can  be  extended  to  the  separation  of  lithium  from  both  sodium 
and  potassium.  The  proposed  procedure  is  held  superior  to  any 
other  method  used  at  the  present  time  for  the  separation  of  lithium 
from  sodium  and  potassium. 

LIKE  so  many  other  metallic  elements,  lithium  metal  was 
scarcely  known  to  the  public  at  the  beginning  of  this  cen¬ 
tury,  only  25  years  ago  making  its  entry  into  the  field  of  industrial 
application.  Large  tonnages  of  the  metal,  its  minerals,  and 
chemical  compounds,  however,  are  produced  today  and  are 
adsorbed  notably  by  the  glass,  ceramic,  air-conditioning,  and 
metallurgical  industries,  but  also  in  the  electrical  and  pharma¬ 
ceutical  fields  {25).  Lithium  has  now  been  listed  as  essential 
by  both  the  American  and  British  war  agencies  {16). 

The  United  States  is  the  leading  producer  and  consumer  of 
lithium  metal  and  apparently  has  the  largest  known  ore  reserves. 

COMPOSITION  OF  LITHIUM  MINERALS 

The  composition  of  the  principal  lithium  minerals  is  of  im¬ 
portance  to  the  analyst,  in  determining  the  proper  analytical 
procedure  to  be  followed. 

Main  Lithium  Minerals: 

Spodumene,  LiAlCSiO^,  containing  4  to  8%  Li20  and 
generally  a  little  sodium. 

Amblygonite,  Li(AlF)P04,  containing  8  to  9%  Li20;  lithium 
may  be  partly  replaced  by  sodium  and  fluorine  by  hydroxyl. 
Lepidolite,  composition  variable,  ranging  from  that  of  poly- 
lithionite  to  that  of  lithium-bearing  muscovite,  approxi¬ 
mating  KLi[Al(0H,F)2]Al(Si03)3  containing  from  2  to  4% 
Li20. 

Triphylite,  Li(Fe,Mn)P04,  containing  from  2  to  4%  Li20. 
Petalite,  LiA](Si205)2,  containing  from  2  to  4%  Li20. 

Zinnwaldite,  LiF,  KF,  FeO,  A1203,  3Si02,  containing  2  to  3% 
Li20. 

Somewhat  Less  Important  Lithium  Minerals: 

Taeniolite,  KLiMg2Si4OioF2. 

Polylithionite,  KLi2AlSi4OioF2. 

More  than  100  other  minerals  contain  small  amounts  of 
lithium. 

DETECTION  OF  LITHIUM 

Volatile  lithium  compounds  color  the  flame  a  bright  crimson; 
the  flame  test  may  therefore  be  used  to  detect  lithium  in  minerals. 
The  interference  of  sodium  can  be  overcome  by  the  use  of  a 
proper  color  screen.  In  the  presence  of  strontium,  a  little  barium 
chloride  added  to  the  solution  and  examined  in  the  flame  will 
first  show  the  crimson  of  lithium,  then  the  green  of  barium,  and 
finally,  the  red  of  strontium. 


Spectroscopic  methods  have  been  proposed  since  1912  for  the 
detection  and  determination  of  minute  quantities  of  lithium  {13, 
35),  they  are  worthless,  however,  for  quantitative  analysis  if 
weighable  amounts  of  lithium  are  present. 

In  the  flame  spectrum,  which  is  less  sensitive  to  foreign  elements 
than  either  the  arc  or  spark  spectrum,  there  are  two  sharply  de¬ 
fined  lines:  a  weak  line  Li/S  of  wave  length  6104  and  a  bright 
red  line  Li  a  of  wave  length  6708.  The  presence  of  nearly  10 
mg.  of  lithium  can  be  detected  in  this  way.  In  the  arc  spectrum 
a  blue  line  appears,  besides  eighteen  other  feebler  lines  {23). 

COMBINED  J.  LAWRENCE  SMITH-BERZELIUS  PROCEDURE  FOR 
ISOLATION  OF  LITHIUM  AND  OTHER  ALKALI  METALS 

In  separating  lithium  from  other  elements  with  which  it  is  asso¬ 
ciated  in  its  minerals,  too  little  attention  is  sometimes  paid  to  the 
vast  differences  in  the  solubility  of  many  lithium  compounds  com¬ 
pared  with  other  alkali  compounds.  Lithium  fluoride,  oxalate, 
carbonate,  and  phosphate  are  so  much  more  insoluble  in  water 
and  in  an  excess  of  the  respective  reagents  than  are  the  corre¬ 
sponding  sodium  and  potassium  compounds,  that  numerous 
qualitative  and  quantitative  methods  based  on  the  formation  of 
lithium  fluoride  {2,  11),  lithium  carbonate  {1,  10,  24),  and 
lithium  phosphate  {3,  6,  22)  have  been  proposed. 

Unless  special  precautions  are  employed,  considerable  quan¬ 
tities  of  lithium  may  be  lost  if  the  scheme  of  operation  recom¬ 
mended  for  the  isolation  of  the  other  alkali  metals  is  indis¬ 
criminately  employed  in  the  determination  of  lithium. 

Despite  this  unique  chemical  behavior,  otherwise  excellent 
textbooks  on  mineral  analysis  {15,  31,  33)  have  failed  to  present 
an  adequate  and  specific  procedure  for  the  initial  decomposition 
of  lithium  minerals,  but  usually  refer  to  two  classical  methods 
which  are  most  valuable  for  the  isolation  of  sodium  and  potas¬ 
sium — the  J.  Lawrence  Smith  method  {37)  or  the  even  more 
ancient  method  of  Berzelius  {5). 

Lundell  and  Hoffman  {21)  have  noted  that  some  lithium  re¬ 
mains  in  the  extracted  residue  from  the  J.  Lawrence  Smith  fu¬ 
sion,  and  numerous  tests  carried  out  by  this  writer  would  indicate 
that  igniting  this  extracted  residue,  transferring  it  to  the  platinum 
or  nickel  crucible  originally  used,  and  reheating  it  with  more  am¬ 
monium  chloride — a  cumbersome  and  very  tedious  procedure — will 
not  always  guarantee  complete  recovery  of  all  lithium. 

The  Berzelius  method,  on  the  other  hand,  involving  the  use  of 
hydrofluoric  acid  and  sulfuric  acid,  and  modifications  proposed 
by  Low  {20),  Krishnaya  {19),  and  Scholes  {32),  are  even  less 
attractive.  Appreciable  lithium  frequently  remains  in  the 
extracted  residue,  partly  due  to  occlusion,  partly  because  of  in¬ 
complete  decomposition  of  the  mineral.  In  addition,  magne¬ 
sium,  if  present,  will  accompany  the  alkalies,  and  its  trouble¬ 
some  removal  is  always  imperative,  lest  it  be  found  with  the  final 
lithium  sulfate,  provided  organic  solvents  are  used  for  separating 
lithium  from  the  other  alkali  metals. 

The  removal  of  large  amounts  of  sulfate  ion  by  precipitation  as 
barium  sulfate,  which  is  apt  to  occlude  considerable  lithium 
{12,  39)  is  another  drawback  of  the  Berzelius  method. 

Of  the  alternative  ways  of  eliminating  the  hydrofluoric  acid, 
evaporation  with  perchloric  acid  or  volatilization  as  hydro- 
fluosilicic  acid  have  been  proposed  {40).  While  these  modifica¬ 
tions,  particularly  the  latter,  are  of  considerable  importance  for 
the  determination  of  sodium  and  potassium  in  feldspars  or  other 
silicate  minerals  known  to  be  low  in  magnesium,  they  leave  com¬ 
plete  decomposition  of  lithium  minerals  as  uncertain  as  before. 
Moreover,  magnesium,  if  present,  would  accompany  the  lithium 
as  in  the  original  Berzelius  method.  As  many  lithium  minerals 
contain  large  amounts  of  phosphate  ion  (amblygonite,  triphylite) 
the  removal  of  which  is  imperative,  the  above  modifications  of 
the  Berzelius  method  cannot  directly  be  applied  to  the  deter¬ 
mination  of  lithium. 

Removal  of  fluoride  ion  by  precipitation  as  calcium  fluoride 
was  suggested  by  Koenig  {18).  The  method  was  severely  criti¬ 
cized  by  Willard  and  co-authors  {40),  who  tried  it  in  the  deter- 
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nination  of  sodium  plus  potassium  in  a  high-potassium  feldspar, 
:laiming  that  the  calcium  hydroxide  precipitate  retained  as 
nuch  as  50  mg.  of  the  0.2440  gram  of  sodium  plus  potassium 
jxpected. 

This  writer  carried  out  a  number  of  experiments  to  test  Koe- 
fig’s  method.  While  apparently  no  procedure  involving  the  use 
if  hydrofluoric  acid  achieves  complete  decomposition  of  certain 
ithium  minerals,  and  Willard’s  criticism  regarding  retention  of 
ilkali  by  the  calcium  hydroxide  precipitate  seems  justified,  parts 
)f  Koenig’s  method  are  excellent  and  have  found  their  way  into 
he  procedure  developed  by  this  writer. 

In  other  methods  used  in  the  past  Berzelius  (4)  decomposed 
ithium  minerals  of  the  silica  type  (spodumene,  lepidolite,  peta- 
ite,  zinnwaldite)  by  fusion  with  twice  their  weight  of  calcium 
tnd  barium  carbonate.  Troost  (38)  fused  lepidolite  with  an  equal 
veight  of  barium  carbonate,  half  its  weight  of  barium  sulfate, 
md  one  third  its  weight  of  potassium  sulfate.  Weinland  and 
Jtorz  treated  triphylite  with  aqua  regia  and  Mueller  (24)  decom¬ 
posed  the  same  mineral  with  hydrochloric  acid. 

New  Procedure.  The  proposed  procedure,  combining  the 
pest  features  of  the  Berzelius  method  as  modified  by  Koenig  (18) 
rith  some  parts  of  the  J.  Lawrence  Smith  method  (37),  starts  by 
rearing  the  sample  with  hydrofluoric  acid,  followed  by  the  Koenig 
nodification  to  eliminate  the  fluoride  ion.  The  bulk  of  the  lithium 
rill  be  found  in  the  water  extract.  The  extracted  residue,  which 
s  practically  free  from  silica,  contains  comparatively  small  but 
requently  weighable  amounts  of  lithium,  owing  to  incomplete 
lecomposition  of  the  sample  and  occlusion  by  the  calcium  hydrox- 
de,  partly  caused  by  incomplete  conversion  of  the  lithium 
luoride  into  the  hydroxide.  The  residue  is  ignited  in  a  plati- 
mm  crucible  of  the  usual  shape  and  is  then  submitted  to  a  fusion 
imilar  to  that  proposed  by  J.  Lawrence  Smith.  This  fusion  can 
>e  achieved,  as  silica  has  been  largely  removed  by  the  initial 
lydrofluoric  acid  treatment,  at  a  comparatively  low  temperature, 
lay  700°  C.  The  extracted  residue  from  this  fusion  is  always  free 
jrom  weighable  amounts  of  lithium. 

The  method  is  applicable  to  all  lithium  minerals,  of  both  sili- 
late  and  phosphate  type. 

(Throughout  all  operations  Pyrex  beakers  were  used  with  good 
juccess,  although  some  chemists  claim  that  the  best  of  glassware 
\i  attacked  at  slightly  elevated  temperatures,  causing  low  lithium 
iesults  when  ammonium  chloride  salts  are  expelled  in  beakers.) 

The  amount  of  lithium  which  may  be  expected  to  be  retained 
a  the  first  calcium  hydroxide  precipitate,  on  account  of  incom- 
■lete  decomposition  of  the  sample  and  occlusion,  is  illustrated  in 
’able  I. 


able  I.  Retention  of  Lithium  by  Calcium  Hydroxide  Precipitate 


—Lithium  Oxide  Found 

Type  of 

In  Ca(OH)j 

In  Ca(OH)j 

In  Ca(OH>2  ppt. 
(undecomposed 

Sample 

extract 

ppt.  by  occlusion 

sample) 

Mg. 

Mg. 

Mg. 

Spodumene 

25.3 

2.7 

4.3 

26.4 

2.0 

3.9 

18.9 

3.2 

4.4 

Amblygonite 

31.0 

4.9 

1.3 

32.3 

4.6 

2.4 

28.4 

5.6 

2.9 

Transfer  0.5  gram  of  the  200-mesh  sample,  dried  at  110°  C.,  to 
50-  to  100-ml.  platinum  dish,  moisten  with  water,  add  25  ml.  of 
ydrofluoric  acid,  and  evaporate  to  dryness  on  the  water  bath. 
,dd  10  ml.  more  of  the  hydrofluoric  acid  and  repeat  the  evapora- 
ion,  finally  drying  the  salts  at  about  150°  C.  on  a  hot  plate  or  in 
n  electric  oven. 

Digest  the  residue  with  25  ml.  of  hot  water  for  about  5  minutes 
complete  solution  is  rare  when  dealing  with  high-grade  lithium 
nnerals),  then  wash  the  solution  quantitatively  into  a  250-ml. 
eaker  containing  2  grams  of  calcium  oxide  in  75  ml.  of  water, 
’olice  and  rinse  the  platinum  dish,  adding  the  washings  to  the 
eaker.  (The  calcium  oxide  used  is  prepared  by  ignition  of  the 
pecial  grade  of  carbonate  mostly  used  for  the  J.  Lawrence  Smith 
osion.) 

Boil  contents  of  beaker  for  about  2  minutes,  allow  precipitate 
o  settle  for  a  short  time,  then  decant  the  supernatant  liquid 
tirough  a  12-cm.  No.  40  Whatman  filter  paper.  Finally  trans¬ 


fer  the  precipitate  onto  the  paper  and  wash  it  six  times  with  hot 
water  or,  if  the  presence  of  magnesium  is  known  or  suspected,  with 
hot  water  containing  calcium  hydroxide.  Police  the  beaker,  or 
remove  any  precipitate  adhering  to  the  beaker  with  a  piece  of 
filter  paper  moistened  with  dilute  hydrochloric  acid.  Hold  the 
residue  (residue  I). 

To  the  filtrate,  which  has  been  received  in  a  400-ml.  beaker, 
add  1  ml.  of  ammonia  and  two  1.25-cm.  (0.5-inch)  cubes  of 
ammonium  carbonate.  Heat  to  boiling,  filter  immediately 
through  an  11-cm.  No.  40  Whatman  filter  paper,  and  wash  the 
residue  (residue  II)  with  1  to  50  ammonia  containing  some  am¬ 
monium  carbonate.  Wipe  the  beaker  with  a  small  piece  of  filter 
paper  moistened  with  dilute  hydrochloric  acid.  Hold  the  filtrate 
(filtrate  A). 

Combine  the  papers  containing  residues  I  and  II  and  ignite 
in  a  30-ml.  platinum  crucible.  Mix  the  residue  intimately  with 
1  gram  of  ammonium  chloride  and  cover  the  crucible  with  a 
tightly  fitting  platinum  cover.  Insert  the  crucible  for  two- 
thirds  of  its  depth  in  a  hole  in  an  asbestos  pad  and  heat  it,  at  a 
low  heat  first,  until  the  charge  has  melted  or  sintered. 

Transfer  the  cold  platinum  crucible  to  a  250-ml.  beaker,  cover 
the  crucible  with  hot  water,  and  allow  to  stand  in  a  warm  place 
for  at  least  6  hours.  Remove  crucible  from  beaker  and  loosen  and 
return  to  the  beaker,  with  the  help  of  a  stirring  rod  or  a  policeman, 
any  cake  or  precipitate  adhering  to  the  crucible.  Heat  solution 
to  boiling,  filter  the  supernatant  liquid  through  a  12-cm.  No. 
40  Whatman  filter  paper  into  a  400-ml.  beaker,  finally  transfer 
the  residue  onto  the  filter  paper,  and  wash  it,  as  specified  above, 
with  hot  water  or  hot  water  containing  calcium  hydroxide. 
Discard  the  residue,  which  is  free  from  lithium  compounds. 

To  the  filtrate  add  1  ml.  of  ammonia  and  two  1.25-cm.  (0.5- 
inch)  cubes  of  ammonium  carbonate.  Heat  to  boding,  filter 
through  an  11-cm.  No.  40  Whatman  filter  paper,  and  wash  the 
precipitate  with  dilute  ammonia  containing  ammonium  carbonate. 
Wash  precipitate  back  into  original  beaker  and  dissolve  it  in  a  few 
drops  of  hydrochloric  acid.  Render  the  solution  just  ammoniacal 
and  repeat  the  ammonium  carbonate  separation,  finally  filtering 
through  original  paper  into  the  main  filtrate  (filtrate  B).  Dis¬ 
card  the  residue. 

Combine  filtrates  A  and  B  and  evaporate  to  dryness  on  a 
water  bath.  When  bone  dry,  volatilize  the  ammonium  salts  by 
placing  the  uncovered  beaker  on  a  hot  plate  and  gradually  heating 
to  the  full  heat  of  the  plate.  Allow  to  cool,  add  30  ml.  of  hot 
water  to  effect  solution  of  the  salts,  then  4  drops  of  ammonia  and 
6  to  8  drops  of  saturated  ammonium  oxalate  solution.  Heat  to 
boiling,  allow  precipitate  to  settle  for  one  hour,  then  filter  off  on  a 
9-cm.  No.  40  Whatman  paper  and  wash  six  times  with  a  1% 
solution  of  ammonium  oxalate. 

Wash  precipitate  back  into  original  beaker  and  dissolve  it 
in  a  little  hydrochloric  acid.  Repeat  ammonium  oxalate  separa¬ 
tion,  finally  filtering  through  original  paper  into  main  solution. 

Evaporate  solution,  which  has  been  received  in  a  250-ml. 
beaker  to  dryness  on  the  water  bath  and  volatilize  the  am¬ 
monium  chloride  as  before. 

(As  lithium  invariably  must  be  separated  at  a  later  stage  from 
the  other  members  of  the  alkali  family,  the  sulfate  ion  should  be 
removed  at  this  point  because  of  the  sparing  solubility  of  lithium 
sulfate  in  most  reagents  employed.  In  case  the  barium  sulfate 
precipitate  appears  small,  it  need  not  be  filtered  but  should  be 
removed  with  the  excess  of  the  barium  in  the  subsequent  am¬ 
monium  carbonate  separation.) 

Take  dry  salts  up  with  about  30  ml.  of  hot  water  and  3  drops  of 
hydrochloric  acid  and,  after  heating  to  boiling,  add  dropwise 
sufficient  10%  barium  chloride  to  guarantee  complete  precipita¬ 
tion  of  the  sulfate  ion.  Allow  precipitate  to  settle  for  2  hours, 
filter  through  a  small  No.  40  Whatman  filter  paper,  and  wash 
it  ten  times  with  hot  water. 

To  the  filtrate,  in  a  250-ml.  beaker,  add  sufficient  ammonia  to 
render  the  solution  ammoniacal,  then  two  1.25-cm.  (0.5-inch) 
cubes  of  ammonium  carbonate.  Heat  to  boiling  and  filter  off 
the  barium  carbonate,  washing  the  precipitate  with  dilute  am¬ 
monia-ammonium  carbonate  wash  solution.  Dissolve  the  pre¬ 
cipitate  in  a  few  drops  of  hydrochloric  acid  and  reprecipitate  with 
ammonia  and  ammonium  carbonate,  finally  filtering  _  through 
original  paper  into  main  filtrate  and  discarding  the  precipitate. 

Evaporate  the  combined  filtrates,  in  a  250-ml.  beaker,  to  dry¬ 
ness  and  volatilize  the  ammonium  chloride  salts  on  a  hot  plate. 
Take  salts  up  with  40  ml.  of  water  and  small  amounts  of  am¬ 
monia,  ammonium  carbonate,  and  ammonium  oxalate.  After 
heating  the  solution  to  boiling  and  allowing  it  to  stand  for  at 
least  2  hours,  filter  the  small  residue  on  a  small  filter  paper  and 
wash  it  with  dilute  ammonia-ammonium  carbonate  solution. 
Wash  the  precipitate  back  into  original  beaker,  dissolve  in  hydro¬ 
chloric  acid,  and  reprecipitate  with  ammonia,  ammonium  car¬ 
bonate,  and  ammonium  oxalate.  Discard  the  final  precipitate. 

Evaporate  the  combined  filtrates  to  dryness  and  volatilize 


714 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  16,  No.  11 


the  ammonium  chloride.  Moisten  the  salts  with  dilute  hydro¬ 
chloric  acid,  again  evaporate  to  dryness,  and  heat  strongly  on 
hot  plate  to  expel  any  remaining  ammonium  chloride. 

The  dry  salts  obtained  in  this  way  consist  of  the  combined 
chlorides  of  the  alkali  metals,  possibly  contaminated  by  a  little 
ammonium  chloride.  If  required,  the  ammonium  chloride  can 
be  quantitatively  removed  by  washing  the  above  hydrochloric 
acid  solution  into  a  platinum  dish,  evaporating  to  dryness,  and 
heating  at  a  dull  red  heat  over  a  Bunsen  burner,  but  observing 
all  precautions  necessitated  by  the  volatility  of  the  alkali  chlo¬ 
rides. 

Corroboration  and  Verification.  In  numerous  lithium 
determinations  of  various  lithium  minerals,  all  residues  or  pre¬ 
cipitates,  marked  in  the  above  procedure  as  “discarded”,  were 
tested  and  found  free  from  weighable  amounts  of  lithium.  In 
some  cases,  however,  the  residues,  when  examined  by  the  flame 
test,  gave  a  faint  crimson  color. 

As  no  standard  samples  of  lithium  minerals  have  been  avail¬ 
able  to  this  writer,  artificial  mixtures  of  lithium  and  the  elements 
with  which  it  is  associated  in  minerals  were  made  up.  Lithium, 
after  being  isolated  by  the  procedure  described  above,  was 
finally  weighed  as  the  sulfate.  In  order  to  avoid  the  separation 
of  lithium  from  other  alkali  metals — a  subject  discussed  below — 
no  potassium  or  sodium  salts  were  introduced  into  the  artificial 
mineral.  A  solution  of  lithium  chloride  was  used  in  these  experi¬ 
ments  which  was  checked  by  pipetting  out  aliquot  portions  and 
determining  their  lithium  content  by  evaporating  with  sulfuric 
acid  and  weighing  as  the  sulfate  (Table  II). 


Table  II.  Accuracy  of  Proposed  Procedure 


LiCl  Taken  Equiva¬ 
lent  to  LUSOi 
Gram 


Artificial  Mineral,  in  Addition 
to  LiCl,  Contained 
Gram 


LisSOi  Found 
Gram 


0.0735  Si02  =  0.1500  0.0727 
0.0735  AI2O3  =  0.1500  0.0731 
0.0735  AIPO4  =  0. 1000  0.0740 
0.1470  MgCl  =  0.0100  0.1477 
0.1470  Fe2Os  =0.0200  0.1481 
0.1470  CaF2  =  0.0200  0.1466 
0.2205  0.2193 
0.2205  0.2200 
0.2205  0.2204 


REVISED  AND  EXTENDED  n-BUTYL  ALCOHOL-HYDROGEN  CHLORIDE 
METHOD  FOR  SEPARATION  OF  LITHIUM  FROM  SODIUM  AND 
POTASSIUM 

In  the  usual  course  of  analysis  for  the  determination  of  sodium 
and  potassium,  lithium,  if  ignored,  will  cause  high  results  for 
either  sodium  or  potassium,  depending  on  the  procedure  em¬ 
ployed.  If  potassium  is  determined  as  the  perchlorate  or  the 
chloroplatinate  and  sodium  calculated  from  the  combined  chlo¬ 
rides  of  the  alkali  metals,  lithium  will  count  as  sodium  because  of 
the  solubility  of  its  perchlorate  or  chloroplatinate  in  the  reagents 
used.  On  the  other  hand,  if  sodium  is  determined  as  the  triple 
acetate,  part  of  the  lithium  will  accompany  the  sodium  while  the 
remainder  counts  as  potassium. 

Precipitation  of  Lithium.  Before  the  appearance  of  Gooch’s 
article  in  1887  (14)  the  most  favored  method  was  that  of  Berze¬ 
lius  ( 6 )  as  modified  by  Mayer  {22),  which  is  based  on  precipita¬ 
tion  of  lithium  as  the  phosphate.  Today,  the  method  is  con¬ 
sidered  tedious  in  operation  and  incompatible  with  accuracy. 

Carnot  {11)  took  advantage  of  the  sparing  solubility  of  lithium 
fluoride  in  alcohol  and  dilute  ammonia,  compared  with  that  of 
sodium  fluoride.  The  method  has  some  merits  for  the  prelimi¬ 
nary  separation  of  lithium  from  sodium,  prior  to  the  precipitation 
of  the  latter  as  triple  acetate  {2)  and  for  the  preparation  of  pure 
lithium  salts  {29).  Mueller  {24)  and  more  recently  Caley  {10) 
precipitated  lithium  as  carbonate.  Of  the  more  recent  methods 
in  which  lithium  is  precipitated,  separation  as  potassium  ferric 
periodate  {27),  as  stearate  {8),  and  as  complex  periodate  {30) 
should  be  mentioned. 


Extraction  of  Lithium  .and  Precipitation  of  Chlorides 
of  Other  Alkali  Metals.  Most  methods  in  use  today  take 
advantage  of  the  ready  solubility  of  lithium  chloride  and  the 
insolubility  of  the  chlorides  of  the  other  members  of  the  alkali 
family  in  various  solvents  or  mixtures  of  organic  solvents.  The 
methods  are  of  two  types,  distinguished  by  extraction  of  lithium 
chloride  or  precipitation  of  the  other  chlorides. 

The  first  group  comprises  the  larger  number  of  methods: 

The  alcohol-ether  extraction  method  of  Rammelsberg  {28). 

The  pyridine  method  of  Kahlenberg  and  Krauskop  {1 7) . 

The  isobutyl  alcohol  method  of  Winkler  {42). 

The  acetone  method  of  Brown  and  Reedy  (7). 

The  dioxane  method  of  Sinka  {34). 

The  main  objection  to  methods  in  this  category  are  their 
pronounced  tendency  toward  occlusion  of  lithium  chloride  inside 
the  crystals  of  the  other  alkali  chlorides  and  also  the  formation 
of  insoluble  lithium  hydroxide,  thus  necessitating  repeated  treat¬ 
ments  of  the  insoluble  residue.  The  methods  are  tedious  in 
operation  and  error-inviting  because  of  the  number  of  manipula¬ 
tions  involved. 

The  other  general  type  of  procedure  consists  in  dissolving  the 
mixed  chlorides  in  a  small  amount  of  water  from  which  the  alkali 
chlorides,  other  than  lithium  chloride,  are  precipitated  either 
by  adding  an  organic  agent,  as  in  Palkin’s  alcohol-ether  precipita¬ 
tion  method  {26),  or  by  dehydrating  the  aqueous  solution  of  the 
mixed  chlorides  with  organic  solvents  of  a  high  boiling  point,  as 
in  the  amyl  alcohol  method  of  Gooch  {14)  and  the  n-hexanol 
and  2-ethylhexanol  methods  of  Caley  and  Axilrod  (.9). 

In  the  hands  of  this  writer,  Palkin’s  method  has  not  yielded 
satisfactory  results,  as  many  as  three  separations  being  required 
to  separate  40  mg.  of  lithium  oxide  from  15  mg.  of  sodium  oxide. 
The  isoamyl  alcohol  method  of  Gooch  “has  the  disadvantage 
that  neither  potassium  nor  sodium  chlorides  are  quantitatively 
insoluble  in  isoamyl  alcohol,  so  that  relatively  large  corrections 
must  be  applied  for  the  amounts  of  salts  that  dissolve  along  with 
the  lithium  chloride”  {9).  Caley  and  Axilrod’s  methods  are 
excellent  for  the  separation  of  small  amounts  of  lithium  chloride 
(LiCl  <  60  mg.)  from  moderate  amounts  of  sodium  and  potas¬ 
sium  chlorides.  Because  of  the  comparatively  sparing  solubility 
of  lithium  chloride  in  n-hexanol  and  2-ethylhexanol  (see  Table 
III)  the  separation  appears  unsatisfactory,  judging  from  the  data 
given  by  the  authors,  for  amounts  of  lithium  chloride  as  low  as 
120  mg.,  unless  two  separations  are  carried  out. 

The  n-BuTYL  Alcohol-Hydrogen  Chloride  Method  of 
Willard  and  Smith.  The  method  of  Willard  and  Smith  {41) 
for  the  separation  and  determination  of  lithium  and  sodium, 
involving  the  use  of  n-butyl  alcohol  as  a  solvent  for  the  lithium 
and  a  20%  solution  of  hydrogen  chloride  in  n-butyl  alcohol  as  a 
precipitant  for  the  sodium,  is  a  combination  of  the  two  types  of 
methods  cited  above,  in  that  sodium  and  lithium  are  first  extracted 
from  the  mixed  alkali  perchlorates,  sodium  being  precipitated  in 
the  extract. 

The  method  has,  despite  its  numerous  excellent  features,  not 
found  the  recognition  it  deserves.  This  is  largely  due  to  the 
authors’  insistence  on  confining  their  procedure  to  the  separation 
and  determination  of  lithium  and  failing  to  extend  their  investiga¬ 
tion  to  the  separation  of  lithium  from  potassium.  It  is  therefore 
hardly  surprising  that  Willard  and  Smith’s  method  is  not  used 
in  routine  or  control  work  for  the  determination  of  lithium  in  its 
minerals,  and  that  its  application  has  been  largely  confined  to  the 
quantitative  separation  and  determination  of  lithium,  sodium, 
and  potassium.  A  condensed  description  of  the  latter  process,  as 
given  by  Smith  and  Ross  {36),  is  here  quoted  to  facilitate  dis¬ 
cussion  of  the  method. 


Some  of  the  above  methods  are  qualitative  or  semiquantita- 
tive,  others  are  confined  to  the  determination  of  small  amounts 
of  lithium,  but  none  is  suited  for  the  quantitative  separation  and 
determination  of  lithium  as  it  is  found  in  most  lithium  minerals. 


The  combined  perchlorates  of  potassium,  sodium,  and  lithium, 
free  from  an  excess  of  perchloric  acid,  are  treated  with  a  mixture 
of  equal  parts  of  n-butyl  alcohol  and  ethyl  acetate,  two  extrac¬ 
tions  with  intermediate  solution  of  the  potassium  perchlorate 
being  required.  Potassium  is  finally  weighed  as  the  perchlorate. 
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Table  III.  Solubilities  of  Chlorides  and  Perchlorates 

Solvent 

NaCl 

KC1 

LiCl 

Grams  per  100  grams  of  solvent 

Ethyl  alcohol 

0.0649 

0 . 0294 

2.54 

Amyl  alcohol 

0.002 

0.0007 

9.03 

n-Butyl  alcohol 

0.005 

0.0030 

12.98 

n-Butyl  alcohol  containing 

6%  HC1  +  0.5%  HClOj 

0.0007 

0.0005 

10.61 

Isobutyl  alcohol 

0.00047 

0.0008 

10.57 

n-hexyl  alcohol 

0.0010 

0.00005 

7.2 

2-Ethylhexanol 

0.0001 

O.OOOC 

3.7 

Acetone 

0.000 

0.000 

3.86 

Pyridine 

0.000 

0.000 

13.39 

Dioxane 

0.000 

0.000 

NaClC>4 

KC104 

LiClCL 

Grams  per  100  grams  of  saturated  solution 

Ethyl  alcohol 

12.82 

0.012 

60.28 

n-Butyl  aloohol 

1.83 

0.0045 

44.23 

Ethyl  acetate 

8.80 

0.0015 

48.75 

50%  n-butyl  alcohol  + 

50%  ethyl  acetate 

11.99 

0 . 0025 

Isobutyl  alcohol 

0.78 

0.005 

36.73 

able  IV.  Separation  and  Determination  of  Sodium 

and  Lithium 

LiCl  Taken 

Volume  of 

NaCl  NaCl  Equivalent 

LizSCh  Filtrate  and 

Taken  Found  to  LizSCh 

Found 

Washings 

Grams  Grams 

Gram 

Gram 

Ml. 

0.0500  0.0498 

0.0735 

0.0738 

40 

0.1000  0.0997 

0.0735 

0 . 0737 

40 

0.1000  0.1003 

0.7350 

0.7354 

40 

0.2500  0.2492 

0.2205 

0.2211 

40 

0.4000  0.3994 

0.2205 

0.2209 

50 

0.6000  0.5995 

0 . 2205 

0.2216 

60 

1.0000  0.9990 

0.2205 

0.2212 

75 

1.2000  1.1991 

0.2205 

0.2213 

85 

1.5000  1.4989 

0.2205 

0.2215 

100 

2.0000  1.9989 

0.2205 

0.2213 

100 

_  Ethyl  acetate  must  be  expelled  by  evaporation  before  pre- 
dpitation  of  sodium  as  sodium  chloride  from  the  n-butyl  alcohol 
solution  of  the  perchlorates  of  sodium  and  lithium  is  attempted, 
rsing  for  the  latter  separation  a  20%  solution  of  hydrogen 
chloride  in  n-butyl  alcohol.  The  sodium  chloride  is  either 
weighed  as  such  or  dissolved  in  water  and  its  chlorine  content 
determined  volumetrically  by  Mohr’s  method. 

Lithium  is  determined  by  evaporation  of  the  n-butyl  alcohol 
sxtract,  and  conversion  of  the  lithium  perchlorate  into  the  sulfate, 
n  which  form  it  is  weighed. 

This  writer  has  extensively  used  Willard  and  Smith’s  method 
’or  the  separation  of  lithium  from  sodium,  obtaining  excellent 
•esults.  It  should  be  noted,  however,  that  the  authors,  in  their 
mdeavor  to  determine  both  lithium  and  sodium  quantitatively, 
specify  the  use  of  sufficient  n-butyl  alcohol  to  guarantee  a  clear 
solution  (free  from  insoluble  sodium  perchlorate)  before  precipi¬ 
tation  of  sodium  as  sodium  chloride. 

Because  of  the  sparing  solubility  of  sodium  perchlorate  in 
n-butyl  alcohol  (see  Table  III)  the  authors  recommend  a  mini¬ 
mum  of  18.5  ml.  of  n-butyl  alcohol  for  every  100  mg.  of  sodium 
chloride  present.  It  is  obvious  that,  when  separating  small 
imounts  of  lithium  from  1  gram  or  more  of  sodium  chloride,  it  is 
necessary  to  use  inconveniently  large  quantities  of  both  the  n- 
butyl  alcohol  and  the  solution  of  hydrogen  chloride  in  n-butyl 
alcohol.  This,  in  turn,  necessitates  considerable  corrections  for 
the  solubility  of  sodium  chloride  in  the  reagents  employed. 

Experiments  carried  out  by  this  writer,  recorded  in  Table  IV, 
conclusively  show  that  lithium  can  be  quantitatively  separated 
from  larger  amounts  of  sodium  by  precipitating  the  latter  from 
considerably  smaller  volumes  of  n-butyl  alcohol  than  those  rec¬ 
ommended  by  Willard  and  Smith.  Prior  to  the  precipitation, 
the  possible  presence  of  insoluble  sodium  perchlorate,  caused  by 
the  sparing  solubility  of  the  latter  in  n-butyl  alcohol,  was  dis¬ 
regarded.  It  was  found  that  this  insoluble  sodium  perchlorate, 
when  boiled  for  one  minute  with  the  solution  of  hydrogen  chloride 
:n  n-butyl  alcohol,  was  quantitatively  converted  into  sodium 
chloride  which  is  practically  insoluble  in  the  reagents  employed, 
as  has  been  shown  by  Willard  and  Smith.  In  the  experiments 
recorded  in  Table  IV  the  reagents  and  manipulations  suggested 
by  Willard  and  Smith  were  used. 


Separation  of  Lithium  from  Potassium.  Willard  and 
Smith’s  method  asks  for  the  removal  of  potassium  as  perchlorate 
prior  to  the  separation  of  lithium  from  sodium.  As  this  involves 
considerable  manipulations,  an  attempt  was  made  to  determine 
whether  lithium  could  be  separated  from  potassium  and  sodium 
in  a  single  operation,  using  the  20%  solution  of  hydrogen  chloride 
in  n-butyl  alcohol  as  a  precipitant. 

Potassium  salts,  other  than  sulfates  or  phosphates,  when 
fumed  with  perchloric  acid,  are  converted  into  potassium  per¬ 
chlorate  only  slightly  soluble  in  n-butyl  alcohol.  The  effect  of 
the  hydrogen  chloride  solution  in  butyl  alcohol  upon  the  potas¬ 
sium  perchlorate  was  studied  by  this  writer,  who  found  that 
potassium  perchlorate  is  partly  converted  into  potassium  chlo¬ 
ride  which,  however,  is  only  very  slightly  soluble  in  butyl  alcohol 
and  even  less  in  butyl  alcohol  containing  hydrogen  chloride. 

To  determine  the  extent  of  the  conversion  of  potassium  per¬ 
chlorate  into  potassium  chloride,  varying  amounts  of  potassium 
chloride  were  fumed  to  dryness  with  an  excess  of  perchloric  acid 
and  the  potassium  perchlorate  was  dissolved  in  water  and  again 
evaporated  to  dryness  in  order  to  remove  any  perchloric  acid 
which  had  been  retained  during  the  crystallization  process. 
The  dry  salts  were  boiled,  in  one  series  of  experiments  for  1  min¬ 
ute  and  in  a  second  series  for  5  minutes,  with  a  6%  solution  of 
hydrogen  chloride  in  n-butyl  alcohol,  then  filtered  on  a  Gooch 
crucible  and  washed  with  the  same  alcoholic  solution  of  hydrogen 
chloride.  The  crucible  was  dried  for  a  few  minutes  at  110°  C. 
and  finally  for  15  minutes  in  a  muffle  at  350  °C. 

The  crucible  was  weighed,  the  residue  dissolved  in  hot  water, 
the  crucible  dried  and  weighed  again,  and  the  chloride  ion  deter¬ 
mined  in  the  water  extract  volumetrically  by  Mohr’s  method. 
The  calculated  results  are  presented  in  Table  V. 

It  is  significant  that  the  extent  of  the  conversion  of  potassium 
perchlorate  into  potassium  chloride  seems  to  be  independent  of 
the  amount  of  potassium  perchlorate  originally  present,  but  de¬ 
pends  mainly  on  the  concentration  of  hydrogen  chloride  in  the  n- 
butyl  alcohol.  This  indicates  that  the  conversion  is,  as  could  be 
reasonably  expected,  caused  by  the  slight  solubility  of  potassium 
perchlorate  in  n-butyl  alcohol:  The  soluble  potassium  perchlo¬ 
rate  is  precipitated  as  potassium  chloride,  causing  the  formation 
of  more  soluble  perchlorate  and  further  precipitation  of  the 
chloride,  until,  after  prolonged  boiling  with  the  6%  solution  of 
hydrogen  chloride  in  n-butyl  alcohol,  the  conversion  presumably 
is  complete.  As  the  present  investigation  is  primarily  concerned 
with  the  determination  of  lithium,  no  attempt  was  made  at  this 
time  to  establish  whether  potassium  perchlorate  could  be  con¬ 
verted  quantitatively  into  potassium  chloride  with  a  minimum 
amount  of  reagents  and  manipulations. 


Table  V. 

Conversion  of  Potassium  Perchlorate  into  Potassium 
Chloride 

KCIO4  Found 

KC1 

KC1 

Equivalent 

Length  of 

Volume  of 

Taken 

Found 

to  KC1 

Boiling 

Filtrate 

Grams 

Gram 

Grams 

Min. 

Ml. 

0.0500 

0.0324 

0.0174 

1 

35 

0.0500 

0 . 0389 

0.0114 

5 

35 

0.1000 

0 . 0344 

0.0659 

1 

40 

0.1000 

0 . 0435 

0.0571 

5 

60 

0.3000 

0.0400 

0.2608 

1 

60 

0.5000 

0 . 0422 

0.4585 

1 

80 

0.5000 

0.0537 

0.4470 

5 

80 

1.0000 

0.0418 

0.9582 

1 

80 

2.0000 

0.0423 

1.9580 

1 

85 

The  solubility  of  potassium  chloride  in  anhydrous  n-butyl 
alcohol  containing  6%  hydrogen  chloride  was  found  to  be  about 
0.8  mg.  per  100  ml.  of  solution  (see  Table  VI).  Hence,  the  solu¬ 
bility  of  potassium  chloride  is  reduced  from  2.5  mg.  per  100  ml. 
of  butyl  alcohol  to  0.8  mg.  by  the  addition  of  6%  hydrogen  chlo¬ 
ride  and  to  about  0.5  mg.  by  the  further  addition  of  0.2  ml.  of  per¬ 
chloric  acid.  Because  of  the  limited  amount  of  work  done,  the 
solubility  data  recorded  here  may  be  somewhat  liberally  inter¬ 
preted. 
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Table  VI.  Solubility  of  Potassium  Chloride  in  Anhydrous  n-Butyl 
Alcohol  Containing  6%  of  Hydrogen  Chloride 

{Note.  Weighed  quantities  of  potassium  chloride  were  treated  with  a  6% 
solution  of  hydrogen  chloride  in  n-butyl  alcohol  at  a  boiling  heat.  After 
cooling  to  25°  =*=  1°  C.,  the  solution  was  filtered  through  a  tared  Gooch  cru¬ 
cible,  the  residue  transferred  onto  the  Gooch  and  washed  with  the  6%  solution 
of  hydrogen  chloride  in  n-butyl  alcohol.  The  crucible  was  dried  and  weighed 


and  any  loss  of 

weight  noted.) 

Volume  of 

Free 

Solubility 

Filtrate  and 

KC1 

KCl  Left 

Loss  of 

HCICh 

of  KCl  in 

Washings 

Taken 

Undissolved 

Weight 

Present 

100  Ml. 

Ml. 

Gram 

Gram 

Gram 

% 

Gram 

35 

0.2500 

0.2497 

0 . 0003 

0.0008 

74 

0.4000 

0.3993 

0.0007 

0.0009 

98 

0.5000 

0.4996 

0.0004 

0 . 0008 

104 

1.0000 

0.9993 

0 . 0007 

0 . 0007 

87 

0.5000 

0.4996 

0.0004 

0.5 

0.0005 

126 

0.5000 

0.4994 

0.0006 

0.5 

0.0005 

In  order  to  determine  the  total  solubility  of  potassium  per¬ 
chlorate  and  potassium  chloride  in  n-butyl  alcohol  containing 
6%  hydrogen  chloride  and  to  prove  the  accuracy  of  the  proposed 
procedure,  varying  amounts  of  potassium  chloride  and  lithium 
chloride  were  fumed  with  perchloric  acid,  the  excess  of  the  latter 
was  expelled  by  evaporation,  and  the  dry  perchlorates  were 
heated  to  boiling  with  n-butyl  alcohol.  Enough  20%  solution  of 
hydrogen  chloride  in  n-butyl  alcohol  was  added  to  bring  the 
concentration  of  the  hydrogen  chloride  to  6%.  The  cold  solu¬ 
tion  was  filtered  through  a  tared  Gooch  crucible  and  washed 
with  the  6%  solution  of  hydrogen  chloride  in  n-butyl  alcohol. 
Lithium  was  determined  in  the  filtrate  by  evaporating  the  butyl 
alcohol  solution,  finally  weighing  it  as  the  sulfate. 

The  residue  on  the  Gooch  crucible  was  dissolved  in  hot  water, 
the  filtrate  collected  in  a  250-ml.  beaker  was  fumed  to  dryness 
with  an  excess  of  perchloric  acid,  and  potassium  was  finally 
determined  as  the  perchlorate,  using  the  original  Gooch  crucible 
and  applying  reagents  and  manipulations  recommended  by  Smith 
and  Ross  but  making  only  one  extraction  with  the  mixture  of 
ethyl  acetate  and  n-butyl  alcohol  (see  Table  VII). 


Table  VII.  Separation  and  Determination  of  Potassium  and  Lithium 


KClOi  Found 

LiCl  Taken 

KCl 

Equivalent 

Equivalent 

LbSCh 

Taken 

to  KCl 

to  Li2S04 

Found 

Gram 

Grama 

Gram 

Gram 

0.0500 

0.0498 

0 . 0735 

0.0737 

0.0500 

0.0502 

0.2205 

0.2200 

0.1000 

0.0995 

0.2205 

0.2211 

0.2500 

0.2503 

0.2205 

0.2202 

0.5000 

0.4994 

0.2205 

0.2214 

1 . 0000 

0.9999 

0.2205 

0.2205 

1 . 0000 

1.0004 

0.4410 

0 . 4403 

The  results  in  Table  VII  show  that  the  separation  of  lithium 
from  potassium  by  the  n-butyl  alcohol-hydrogen  chloride  method 
is  very  satisfactory,  making  it  possible  to  extend  the  procedure  to 
the  separation  of  lithium  from  both  sodium  and  potassium  (see 
Table  VIII).  Because  of  the  considerable  solubility  of  lithium 
perchlorate  and  lithium  chloride  in  n-butyl  alcohol  compared 
to  the  sparing  solubility  of  lithium  chloride  in  various  other  or¬ 
ganic  solvents  recommended  for  this  separation,  and  the  very 
small  solubility  of  sodium  and  potassium  chlorides  in  n-butyl 
alcohol  containing  6%  hydrogen  chloride,  Willard  and  Smith’s 
method,  as  revised  and  extended  by  this  writer,  should  be  con¬ 
sidered  superior  to  any  other  method  used  at  the  present  time 
for  the  separation  of  lithium  from  sodium  and  potassium. 

Separation  of  Lithium  from  Cesium  and  Rubidium. 
Cesium  and  rubidium  are  rarely  encountered  in  lithium  minerals, 
with  the  exception  of  lepidolite,  which  sometimes  contains  the 
two  alkali  metals  in  such  small  quantities  that  no  special  pro¬ 
visions  for  their  presence  need  be  considered. 

Preliminary  work  carried  out  by  this  writer  would  indicate 
that  rubidium  and  cesium  perchlorates  are  also  affected  by  the 
solution  of  hydrogen  chloride  in  n-butyl  alcohol.  Because  of  the 
smaller  solubility  of  the  perchlorates  of  rubidium  and  cesium  in 
n-butyl  alcohol,  the  conversion  into  the  respective  chlorides  is 
smaller.  The  separation  of  lithium  from  rubidium  appears  to 
be  good,  while  the  separation  from  cesium  seems  less  satisfactory. 


Procedure  for  Separation  of  Lithium  from  Sodium  and  Potas¬ 
sium.  The  reagents  used  were  identical  with  those  recommended 
by  Willard  and  Smith,  with  the  exception  of  the  n-butyl  al¬ 
cohol.  This  is  now  readily  obtainable  on  the  market  of  sufficient 
purity  to  do  without  the  elaborate  and  time-consuming  purifica¬ 
tion  procedure  employed  by  Willard  and  Smith. 

The  mixed  chlorides  of  potassium,  sodium,  and  lithium,  ob¬ 
tained  as  described  above,  are  dissolved  in  a  little  water,  5  ml. 
of  perchloric  acid  are  added,  the  cover  of  the  beaker  is  raised 
with  a  glass  hook,  and  the  solution  is  evaporated  to  dryness  on  a 
hot  plate  at  a  temperature  not  higher  than  350°  C. 

Twenty  milliliters  of  anhydrous  n-butyl  alcohol  and  0.2  ml.  of 
perchloric  acid  are  added  to  the  mixed  perchlorates  of  potas¬ 
sium,  sodium,  and  lithium,  the  solution  is  heated  to  boiling, 
and  8  ml.  of  a  20%  solution  of  hydrogen  chloride  in  n-butyl  al¬ 
cohol  are  added,  the  first  milliliter  dropwise,  while  the  mixture  is 
constantly  stirred.  After  the  solution  has  cooled  to  room  tem¬ 
perature  the  precipitate  (consisting  of  sodium  chloride  and  a 
mixture  of  potassium  chloride  and  potassium  perchlorate)  Is 
collected  on  a  glass  filter  or  Gooch  crucible  and  washed  about 
eight  times  with  a  6%  solution  of  hydrogen  chloride  in  n-butyl 
alcohol.  The  crucible  is  held  if  a  determination  of  sodium  and/or 
potassium  is  also  required. 

The  filtrate  and  washings,  which  have  been  received  in  a  250- 
ml.  beaker,  are  diluted  with  one  third  their  volume  of  water,  thus 
forming  two  layers,  the  lithium  chloride  and  perchlorate  being 
contained  in  the  water  layer.  The  whole  is  evaporated  on 
the  water  bath  in  such  a  way  as  to  avoid  condensation  on  the 
upper  part  of  the  beaker.  (This  can  easily  be  done  by  immers¬ 
ing  the  beaker  through  a  hole  in  an  asbestos  or  metal  plate  into 
an  open  metal  cylinder  which  is  heated  by  the  steam  of  the  water 
bath.) 

When  completely  dry,  10  ml.  of  water,  5  ml.  of  nitric,  3  ml.  of 
perchloric,  and  1  ml.  of  sulfuric  acids  are  added  and  the  whole 
is  evaporated  on  a  hot  plate  to  strong  fumes  of  sulfuric  acid. 
(This  treatment-  usually  is  sufficient  to  destroy  any  brown 
coloration  due  to  organic  matter;  if  not,  a  few  drops  of  nitric 
acid  should  be  added  and  the  fuming  resumed.)  The  excess  sul¬ 
furic  acid  is  finally  fumed  off,  15  ml.  of  water  are  added  to  the 
cool  beaker,  and  the  solution  is  heated  to  boiling,  transferred 
to  a  previously  ignited  and  weighed  platinum  dish,  and  evap¬ 
orated  as  far  as  possible  on  the  water  bath.  The  platinum 
dish  is  now  heated  with  a  small  Bunsen  flame  until  all  acid  has 
been  expelled,  finally  for  one  minute  at  a  dull  red  heat.  When 
cool,  the  platinum  dish  is  weighed;  the  increase  in  weight  is 
lithium  sulfate. 

For  extreme  accuracy,  the  analyst  should  determine  a  correc¬ 
tion  for  the  solubility  of  sodium  chloride,  potassium  chloride,  and 
potassium  perchlorate  in  the  6%  solution  of  hydrogen  chloride  in 
n-butyl  alcohol  and  a  blank  for  all  the  reagents  used.  The  cor¬ 
rection  usually  is  less  than  1  mg. 

Should  determination  of  sodium  and/or  potassium  be  also 
required,  the  residue  is  dissolved  on  the  glass  filter  or  Gooch 
crucible  in  hot  water  and  sodium  separated  from  potassium  ac¬ 
cording  to  standard  methods. 


Table  VIII.  Separation  of  Lithium  from  Sodium  and  Potassium 


KCl 

NaCl 

LiCl  Taken 
Equivalent 

LbSOi 

Taken 

Taken 

to  LbSOi 

Found 

Gram 

Gram 

Gram 

Gram 

0.0250 

0.0250 

0.0735 

0.0739 

0.0500 

0 . 0500 

0.0735 

0.0736 

0.0500 

0.0500 

0.1470 

0.1476 

0.0500 

0.1000 

0.1470 

0.1475 

0.1000 

0.0500 

0.1470 

0.1472 

0.1000 

0.2500 

0.1470 

0.1477 

0.2500 

0.1000 

0.1470 

0.1476 

0.5000 

0 . 5000 

0.1470 

0.1476 

0.2500 

0.2500 

0.2205 

0.2210 

0.2500 

0.2500 

0.4410 

0.4412 
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Adaptation  of  a  Waring  Blendor  (or  Continuous 

Emulsification 

C.  L.  COMAR1,  E.  J.  MILLER,  M.  N.  RICHARD2,  and  E.  J.  BENNE 
Chemical  Section,  Agricultural  Experiment  Station,  East  Lansing,  Mich. 


N  1939,  Davis  (#)  pointed  out  the  advantages  of  the  Waring 

Blendor  for  extracting  plant  and  animal  tissues.  Since  that 
.ime  this  type  of  machine  has  been  employed  by  many  labora- 
ories,  usually  in  connection  with  extractive  and  analytical  pro¬ 
cedures.  It  was  recognized  that  the  utility  of  the  Blendor  was 
imited  by  the  characteristics  of  the  original  container  and  that 
he  usefulness  of  the  device  would  be  increased  if  blending  vessels 
)f  different  capacities  and  shapes  were  available  for  operation 
>n  the  same  motor  shaft  as  the  original  container.  Davis  de¬ 
mised  such  vessels  but  did  not  describe  the  method  of  their  con¬ 
struction.  Benne  (I)  extended  this  idea  and  reported  upon  the 
preparation  and  use  of  three  different  kinds  of  blending  vessels 
vhich  possessed  advantages  over  the  commercial  container  for 
:ertain  purposes. 

This  paper  reports  an  adaptation  of  the  Waring  Blendor  that 
las  been  used  successfully  for  the  preparation  of  emulsions  by  a 
:ontinuous  process.  Since  small  blending  vessels  which  oper- 
ite  on  the  base  of  the  Blendor  are  advantageous  for  certain  ana- 
ytical  extractive  procedures  and  are  essential  to  the  continuous 
jmulsification  process  reported  in  this  paper,  a  convenient 
■nethod  for  their  construction  is  described. 

CONSTRUCTION  OF  SMALL  BLENDING  VESSELS 

The  small  blending  vessels  shown  in  Figure  1  were  constructed 
oy  making  holes  0.75  inch  in  diameter  in  the  bottom  of  the  glass 
pottles  shown  and  mounting  therein  commercial  blending  assem- 
plies  which  are  obtainable  on  the  market.  Appropriate  altera- 
ions  in  the  blades  of  these  assemblies  were  made  where  necessary, 
so  that  they  could  be  accommodated  by  the  vessels  of  smaller 
lize.  The  holes  through  the  glass  were  made  by  penetration  with 
i  small  steel  drill,  followed  by  enlargement  of  this  hole  to  the 
proper  size  with  round  files  of  different  diameters.  Turpentine 
lsed  on  the  files  during  this  operation  greatly  facilitated  cutting. 

As  can  be  seen,  it  was  necessary  to  prepare  wooden  adapters  to 
hold  the  improvised  vessels  in  position  on  the  motor  shaft.  Four 
ong,  slender  screws  were  inserted  into  the  wooden  base,  one  at 
;he  center  of  each  side  of  the  bottle  for  Nos.  3  and  4,  to  prevent 
•otation  with  the  motor  shaft.  For  No.  2  the  long  screws  were 


1  Present  address,  Agricultural  Experiment  Station,  University  of  Florida, 
jainesville,  Fla. 

2  Present  address,  Medical  Division,  Sharp  &  Dohme,  Inc.,  Philadelphia, 

3a. 


replaced  by  narrow  strips  of  spring  steel  which  were  fastened  to 
the  base  with  small  screws.  To  act  as  shock  absorbers,  a  piece 
of  small-bore  rubber  tubing  of  appropriate  length  was  slipped 
over  each  of  the  long  screws  or  steel  strips,  and  a  piece  of  rubber 
gasket  sheeting,  shaped  to  fit  the  container  seat,  was  placed  be¬ 
neath  the  wooden  adapter. 

Although  the  method  described  above  for  making  holes 
through  glass  vessels  is  simple  and  involves  no  unusual  equip¬ 
ment,  it  is  laborious  and  time-consuming.  The  authors  were 
interested  therefore  in  the  method  used  by  Huddleson  (S)  for  this 
purpose. 

This  investigator  had  prepared  in  the  college  machine  shop  a 
glass-cutting  tool  similar  to  those  pictured  in  Figure  2.  This  tool 
consisted  of  a  brass  tube  0.75  inch  in  diameter  with  walls  approxi¬ 
mately  0.0625  inch  thick,  attached  to  a  solid  steel  rod,  the 
upper  end  of  which  was  reduced  to  about  0.375  inch  in  diameter, 
so  that  it  could  be  accommodated  by  the  chuck  of  an  electrically 
driven  drill  press.  The  tool  is  employed  by  clamping  it  in  the 
chuck  of  the  press,  adding  Carborundum  powder  and  a  small 
amount  of  turpentine  to  the  glass  where  the  hole  is  desired, 
lowering  the  tool  into  the  mass  of  abrasive,  and  using  it  as  a  core 
drill  against  the  glass.  Two  deep  nicks  in  the  lower  end  of  the 
tube  and  a  hole  in  the  wall  above  permit  the  turpentine  and 


Figure  1.  Waring  Blendor  and  Three  Containers 
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abrasive  to  flow  back  into  the  path  of  the  cutting  tool.  The  mix¬ 
ture  of  turpentine  and  abrasive  is  retained  in  the  proper  place  on 
a  flat  or  convex  surface  by  molding  a  reservoir  from  modeling 
clay  against  the  glass  around  the  spot  to  be  drilled. 

This  method  of  cutting  round  holes  through  glass  surfaces  is 
satisfactory  and  reduces  to  a  few  minutes  the  time  for  a  task 
which  formerly  required  hours.  Adapting  the  blending  assem¬ 
blies  to  vessels  of  different  size  and  preparing  adapters  for  holding 
them  in  position  on  the  Blendor  base  must  be  carried  out  as  be¬ 
fore. 


ADAPTATION  FOR  CONTINUOUS  EMULSIFICATION 

The  Waring  Blendor  offers  a  simple  and  effective  mechanical 
device  for  preparing  paraffin  wax-in-water  emulsions.  A  small 
experimental  amount  of  an  emulsion  of  this  type  can  be  pre¬ 
pared  by  placing  hot  water  and  an  appropriate  emulsifying  agent 
in  the  blending  vessel,  starting  the  motor,  and  adding  the  molten 
wax  dropwise.  By  controlling  the  temperature  of  the  material 
and  the  time  of  agitation,  reproducible  conditions  can  be  readily 
maintained.  It  was  noted  that  better  emulsions  could  be  ob¬ 
tained  with  an  improvised  vessel  similar  to  No.  3,  Figure  1,  than 
with  the  container  supplied  with  the  machine.  When  the  small 
vessel  was  used  for  this  purpose  a  one-hole  rubber  stopper  was 
inserted  in  the  top  before  starting  agitation  and  the  molten  wax 
added  through  the  hole. 


Figure  2.  Tools  for  Cutting  Round  Holes 
through  Glass  Surfaces 


The  greater  efficiency  of  the  smaller  vessel  is  probably  due  to 
its  square  corners  which  act  as  swirl  arrestors  and  to  decreased 
clearance  between  the  blades  of  the  blending  assembly  and  the 
sides  of  the  container,  since  these  features  should  tend  to  increase 
the  force  of  impact  of  the  ingredients  against  the  walls.  This 
was  important  with  the  emulsion  systems  used  by  the  authors, 
because  their  work  required  that  a  minimum  adequate  amount 
of  emulsifying  agent  be  used,  and  very  effective  mechanical 
agitation  was  required  to  obtain  stable  emulsions.  Ordinary 
laboratory  stirrers  were  inadequate  for  this  purpose,  whereas 
agitation  with  a  Waring  Blendor  using  one  of  the  small  con¬ 
tainers  produced  emulsions  of  satisfactory  stability.  The  length 
of  the  agitation  period  necessary  to  achieve  the  desired  state  of 
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emulsification  is  variable,  since  in  any  emulsion  system  the  | 
amount  of  mechanical  agitation  required  will  depend  upon  the 
formula  used,  one  of  the  most  important  factors  being  thej 
amount  and  effectiveness  of  the  emulsifying  agent  added.  j 

For  preparing  larger  amounts  of  emulsion  a  Waring  Blendor  [ 
and  one  of  the  smaller  blending  vessels  were  arranged  for  a  con-, 
tinuous-flow  process  as  shown  by  the  schematic  diagram  int 
Figure  3. 

The  ingredients  of  the  emulsion  flow  by  gravity  from  the’ 
elevated  funnel,  which  acts  as  a  reservoir,  through  the  glass  con¬ 
necting  tube  directly  onto  the  blending  assembly.  The  rate  of 
flow  is  controlled  by  means  of  a  screw  clamp  on  the  rubber  tubing 
connecting  the  glass  tube  and  the  funnel.  It  was  found  advis-i' 
able  to  heat  the  ingredients  and  to  mix  them  with  a  laboratory 
stirrer  before  introducing  them  into  the  continuous  system.: 
Introduction  of  the  ingredients  separately  was  tried,  but  af¬ 
forded  no  advantages  over  the  other  procedure.  As  will  be  noted , 
from  the  figure,  the  completed  emulsion  leaves  the  blending' 
vessel  through  the  top;  hence,  the  cup  is  entirely  full  during  the ! 
emulsifying  process.  This  arrangement  effectively  prevents; 
the  beating  of  air  into  the  emulsion  during  its  preparation.  Us-  ■ 
ing  two  such  Blendor  systems  simultaneously  as  much  as  16 
gallons  of  concentrated  emulsion,  equivalent  to  160  gallons  of  : 
diluted  spray  material,  have  been  prepared  in  8  hours  in  this 
laboratory. 

After  the  premixing  process  the  diameters  of  the  droplets  of  the 
dispersed  phase  in  a  standard  wax  emulsion  varied  from  1  to  30 
microns,  with  the  majority  about  5  microns;  however,  after, 
having  been  passed  through  the  Blendor  system  there  were  very . 
few  droplets  larger  than  2  microns  in  diameter,  and  most  of 
them  were  about  1  micron.  Hence,  in  a  laboratory  not  equipped 
with  a  colloid  mill  the  continuous  Blendor  system  offers  an  inex¬ 
pensive  and  effective  means  of  emulsification  with  a  capacity 
adequate  for  many  experimental  purposes. 


ovember,  1944 


ANALYTICAL  EDITION 


719 


It  is  possible  that  the  efficiency  of  this  method  of  emulsification 
auld  be  increased  by  varying  the  design  of  the  apparatus.  For 
sample,  greater  efficiency  might  result  by  reducing  the  space 
etween  the  blending  assembly  and  the  top  of  the  cup  or  by  in- 
•oducing  the  ingredients  below  the  blades,  or  through  the  side 
-all  directly  onto  the  blades.  A  steam-  or  electrically  heated 
annel  for  the  reservoir  should  prove  advantageous.  Certain  of 
lese  features  are  under  investigation. 
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Determining  Hydrogen  in  Gases 

With  a  Th  ermal-Conductivity  Apparatus 

G.  A.  WEBB1  AND  G.  S.  BLACK,  Mellon  Institute,  Pittsburgh,  Pa. 


^  thermal-conductivity  cell  was  used  to  determine  the  hydrogen 
ontent  of  the  exhaust  gases  from  a  catalytic-dehydrogenation  unit, 
hese  exhaust  gases  consisted  principally  of  hydrogen,  but  contained 
sveral  other  components  such  as  methane,  ethylene,  carbon  dioxide, 
tc.,  totaling  not  more  than  30  to  35%  by  volume.  The  latter  were 
rouped  together  and  considered  as  one  component  to  form  a 
mple  two-component  system.  It  was  determined  that,  if  the  cell  is 
alibrated  with  simple  mixtures  similar  to  the  gases  to  be  analyzed/ 
n  accuracy  in  the  hydrogen  analysis  of  ±1.5%  can  be  obtained, 
he  method  is  satisfactory  for  appraisal  of  dehydrogenation  catalysts. 

N  MANY  catalytic  operations  the  activity  of  a  catalyst  can 

often  be  evaluated  by  analyzing  the  exit  gas.  When  the  exit 
as  is  analyzed  by  conventional  absorption  methods,  the  analyti- 
al  procedure  is  time-consuming  and  large  samples  are  required. 
Moreover,  the  analysis  of  this  large  sample  indicates  an  average 
ctivity  over  the  sampling  period  which  is  misleading  when  deal- 
ig  with  catalysts  of  short  life. 

This  problem  was  encountered  in  a  study  of  the  dehydrogena- 
ion  of  ethylbenzene.  The  actual  conversion  to  styrene  was  de- 
ermined  by  a  bromine  number  analysis  of  the  liquid  condensate 
>ut  it  was  desirable,  especially  to  give  information  as  to  the 
pecificity  of  the  catalysts,  to  know  the  hydrogen  content  of  the 
loncondensable  gas. 

In  this  broad  catalytic  program  in  which  catalysts  of  widely 
'aried  activity  were  tested,  it  was  found  that  the  average  values 
;iven  by  conventional  gas  absorption  analyses  were  inadequate, 
,nd  a  method  capable  of  giving  instantaneous  gas  compositions 
vas  indicated. 

The  analysis  of  the  exhaust  gases  by  thermal-conductivity 
neans  was  considered  as  a  solution  of  this  problem.  This  method 
s  well  known  for  applications  involving  a  binary  gaseous  mixture, 
nd  for  more  complex  mixtures  wherein  certain  components  are 
iresent  in  constant  amount  or  can  be  removed  by  chemical  or 
physical  means  (2,  3).  The  obvious  disadvantage  to  its  use  in 
his  application  is  the  number  of  components  present  in  the  exit 
;ases.  A  series  of  typical  analyses  of  the  exhaust  gases  from  a 
init  evaluating  the  catalytic  dehydrogenation  of  ethylbenzene  to 
tyrene  is  given  in  Table  I.  The  results  were  obtained  by  the 
isual  volumetric  methods  for  gas  analysis. 

These  exhaust  gases  consist  principally  of  hydrogen  with  lesser 
imounts  of  other  gases.  Since  the  thermal  conductivities  of  the 
ninor  components  (carbon  dioxide,  ethylene,  nitrogen,  etc.)  are 
tactically  identical  when  compared  to  hydrogen,  the  hydrogen 
'alue  given  by  thermal  conductivity  is  not  affected  by  the  dis¬ 
tribution  of  the  minor  components.  This  is  shown  by  the  figures 
iresented  in  Table  II  which  were  calculated  on  the  assumption 

1  Present  address,  Research  Department,  Koppers  Co.,  Pittsburgh,  Pa. 


that  the  conductivity  is  proportional  to  the  molecular  concen¬ 
tration.  From  these  figures,  it  is  apparent  that  the  exhaust  gases 
can  be  handled  as  a  two-component  system. 

APPARATUS 

The  apparatus  consisted  of  an  air  thermostat,  a  milliammeter, 
a  storage  battery,  and  a  Minter  diffusion-type  thermal-conduc¬ 
tivity  cell  (a  development  of  Clarke  C.  Minter,  available  through 
the  Gow-Mac  Instrument  Co.,  22  Lawrence  St.,  Newark  5,  N.  J.). 

The  Minter  cell  is  made  from  a  machined,  2-inch  brass  cube 
which  has  four  hollow  cylindrical  spaces  in  it.  Each  space  con¬ 
tains  a  small,  glass-coated,  platinum  resistance  wire.  The  wires 
are  connected  in  a  conventional  Wheatstone-bridge  circuit  and 


Figure  1.  Electrical  Circuit  for  Cell 

1.  Potentiometer,  e 

2.  Cell  current  meter,  I  cell 


Table  1. 

Ana 

lysis  of 

Miscellaneous 

Exit 

Gases  from  Catalytic 

Dehydrogenation  of  Ethylbenzene 

CCh 

C3+ 

CrH4 

02 

CO 

H2 

Paraffins0  N2 

Per  Cent 

by  Volume 

10.6 

0.2 

4.2 

0.8 

1.4 

74.0 

5.8  3.0 

0.8 

0.0 

7.3 

0.7 

1.0 

78.0 

9.2  3.0 

18.0 

0.2 

12.8 

0.6 

0.4 

54.8 

10.8  2.4 

18.8 

0.0 

11.2 

0.4 

0.2 

59.6 

7.6  2.2 

11.2 

1.8 

5.0 

0.4 

0.8 

70.2 

1.6  9.0 

7.0 

0.2 

11.8 

0.6 

0.2 

65.8 

12.4  2.0 

18.1 

0.1 

7.9 

0.6 

0.4 

61.6 

7.8  3.5 

13.3 

0.0 

2.0 

0.0 

1.8 

75.6 

7.3  0.0 

°  Average  paraffin  index  1.3. 

- 

Table  II. 

Calculated  Thermal  Conductivity  of  Various  Gas  Mixtures 

Thermal  Conductiv- 

Gas  Composition  (Per  Cent  by  Volume) 

ity,  K  cal./cm. 

ch4 

C2HS 

C2H, 

C02 

n2 

h2 

sec.  0  C.  X  10  *5 

5 

5 

5 

5 

5 

75 

31.68 

12 

13 

0 

0 

0 

75 

31.86 

0 

0 

5 

20 

0 

75 

31.34 

15 

0 

0 

5 

5 

75 

31.98 
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are  heated  by  passing  through  the  bridge  a  small  direct  current 
of  about  0.5  ampere.  The  internal  construction  of  the  cell  is  such 
that  one  pair  of  opposite  resistances  in  the  bridge  is  exposed  to  a 
standard  gas,  and  the  other  pair  is  exposed  to  the  unknown  gas 
being  compared  with  the  standard.  The  brass  cell  is  maintained 
at  30°  C.,  and  since  this  temperature  is  considerably  lower  than 
the  temperatures  of  the  resistance  wires,  heat  is  lost  from  the  wires 
to  the  cell  block  by  the  conduction  of  gases. 

Resistance  measurements  indicate  the  rate  of  heat  loss  from  the 
wires  and  measure  the  thermal  conductivity  of  the  gases  which 
surround  the  wires.  When  the  thermal  conductivities  of  the  two 
gases  being  compared  are  different,  owing  to  differences  in  com¬ 
positions,  the  resistance  wires  are  cooled  at  proportionally  dif¬ 
ferent  rates  and  their  resistance  is  changed,  producing  an  elec¬ 
trical  unbalance  in  the  bridge  circuit.  This  unbalanced  condition 
is  read  by  a  potentiometer,  and  these  readings  are  a  function  of 
the  gas  compositions.  The  circuit  used  in  this  work  is  shown  in 
Figure  1. 

EXPERIMENT 

Various  methods  have  been  used  in  the  calibration  of  this  type 
of  conductivity  cell  (f),  dynamic  methods  probably  having  been 
preferred  because  of  the  advantage  of  greater  accuracy.  How¬ 
ever,  in  the  present  application  a  direct  method  was  used. 


Figure  2.  Correlation  of  Cell  Readings  with  Hydrogen 
Content 


Mixtures  of  hydrogen  and  nitrogen  of  various  compositions 
were  prepared  and  passed  through  the  cell  for  a  period  of  one 
hour.  Cylinder  hydrogen  was  used  as  the  standard  gas.  The 
composition  of  an  average  sample  of  these  calibration  mixtures 
was  determined  by  the  usual  method  of  volumetric  gas  analysis. 
The  average  cell-reading  obtained  on  the  potentiometer  was 
plotted  against  the  composition  of  these  mixtures  and  is  shown  in 
Figure  2. 

The  choice  of  a  nitrogen-hydrogen  mixture  for  the  calibration 
of  the  cell  for  establishing  a  curve  of  conductivity  versus  hydrogen 
content  was  based  upon  the  magnitude  of  the  thermal  conductiv¬ 
ity  of  nitrogen,  which  lies  about  halfway  between  methane  and 
ethylene.  Probably  a  better  calibration  mixture  would  have  been 
carbon  dioxide-nitrogen  and  hydrogen. 

The  data  plotted  as  the  upper  curve  in  Figure  2  show  the  po¬ 
tentiometer  readings  for  a  number  of  exhaust-gas  compositions, 
obtained  by  separate  chemical  analyses  of  the  exhaust  gases  from 
a  number  of  dehydrogenation  runs.  The  difference  between  the 
actual  hydrogen  content  of  the  exhaust  gases  and  the  value  ob¬ 
tained  from  a  nitrogen-hydrogen  calibration  curve  is  shown  in 
Figure  2. 


DISCUSSION 

Examination  of  Figure  2  shows  that  the  thermal  conductivitj 
method  can  be  used  to  determine  the  hydrogen  content  of  mixec 
exit  gases  from  a  catalytic  dehydrogenation  unit,  the  accuracj 
being  dependent  upon  the  calibration  curve  used.  In  the  present 
case  the  use  of  a  nitrogen-hydrogen  calibration  curve  gave  hydro 
gen  figures  which  were  about  4%  low.  However,  using  the  cali¬ 
bration  curve  established  by  the  various  mixtures  themselves 
an  accuracy  of  about  ±1.5%  was  obtained. 

Obviously,  maximum  accuracy  results  when  the  calibrating 
mixture  is  identical  with  the  actual  composition  to  be  evaluated 
but  for  the  quick  appraisal  of  catalysts  it  is  evident  that  a  cali¬ 
bration  with  a  simple  nitrogen-hydrogen  mixture  will  in  mosl 
cases  be  satisfactory. 

In  addition,  the  method  can  be  used  in  a  comparative  manner, 
without  a  calibration  curve,  by  evaluating  the  exhaust  gas  from  a 
catalyst  of  known  activity,  and  rating  others  on  the  basis  of  the 
difference  in  the  thermal  conductivity  values  of  the  exhaust 
gases  obtained. 
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Facilitating  Reading  of  Volumes  in 
Determinations  of  Moisture  by 
Distillation 

C.  R.  SCHLEY 

Lucky  Heart  Laboratories,  Inc., 

Memphis,  Tenn. 

IN  MOISTURE  tests  by  distillation  methods  it  is  occasionally 
difficult  to  read  accurately  the  volume  of  water  that  has 
distilled,  owing  to  the  collection  of  small  drops  on  the  sides  of  the 
tube  or  to  peculiar  surface  effects  at  the  interface  of  the  liquids  ( 1 ). 

It  has  been  found  that  the  addition  of  a  small  amount  of  the 
solvent  containing  a  wetting  agent  will  eliminate  sticking  of  drop¬ 
lets  and  aid  in  the  formation  of  a  clear  meniscus.  Only  two 
agents  were  tried,  Tween  20,  made  by  the  Atlas  Powder  Co.,  and 
sodium  lauryl  sulfate.  Both  were  effective,  and  it  appears 
probable  that  other  products  of  the  same  type  would  serve  equally 
well  in  the  same  capacity. 

The  amount  of  wetting  agent  used  must  be  of  the  magnitude 
of  one  drop  or  equivalent  amount  of  solid  in  20  or  25  ml.  of  solvent 
and  only  2  or  3  ml.  are  necessary  for  one  determination.  Use  of  a 
larger  amount  tends  to  cause  formation  of  a  dispersion.  The 
solution  may  be  placed  in  the  receiving  tube  before  the  determina¬ 
tion  is  begun,  or  added  just  before  the  final  reading  is  taken. 
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NOTES  ON  ANALYTICAL  PROCEDURE 


Preparation  of  Standard  Cerate  Solutions  from  Cerium  Titration  Residues 

FREDERICK  R.  DUKE  and  K.  G.  STONE 
Princeton  University,  Princeton,  N.  J. 


COMPARED  with  permanganate  and  bichromate  salts, 
cerium  compounds  are  rare.  Therefore,  the  procedure  for 
recovery  of  volumetric  cerium  described  below  was  developed 
and  has  been  used  in  this  laboratory  for  several  months: 


95%.  The  only  common  interferences  with  the  recovery  are 
scandium,  yttrium,  and  the  other  rare  earths  and  phosphate  ion. 

LITERATURE  CITED 


Procedure.  Titration  residues  containing  cerium  are  col¬ 
lected  in  a  suitable  vessel.  After  a  sufficient  amount  of  residue 
has  accumulated,  an  excess  of  saturated  oxalic  acid  solution  is 
added,  followed  by  sufficient  concentrated  sodium  hydroxide  to 
complete  the  precipitation  of  Ce2(C204)3.9H20  (3).  The  solution 
should  remain  distinctly  acidic  (0.5  to  1.0  M  in  H+)  to  prevent 
the  precipitation  of  alkaline  earths,  iron,  and  other  alkali-insolu¬ 
ble  ions  (4).  After  the  precipitate  settles,  the  major  portion  of 
the  supernatant  liquid  is  poured  off,  and  the  precipitate  is  trans¬ 
ferred  to  a  Buchner  filter.  If  manganese  or  uranyl  ions  are 
known  to  be  present  in  the  solution,  the  precipitate  is  redissolved 
in  the  smallest  possible  volume  of  concentrated  hydrochloric 
acid.  Cerous  oxalate  is  then  reprecipitated  by  dilution  to  twenty 
times  the  volume  of  hydrochloric  acid  used.  If  neither  manga¬ 
nese  nor  uranyl  ions  are  present,  the  precipitate  is  washed  on  the 
Buchner  with  0.1  M  hydrochloric  acid,  followed  by  several  water 
washes,  and  the  material  is  dried  with  acetone  or  alcohol.  It  is 
then  transferred  to  a  shallow  evaporating  dish  and  heated  with 
the  yellow-tipped  flame  of  a  M 6ker  burner  to  ignite  the  oxalate 
to  ceric  oxide  ( 1 ).  The  mass  presently  turns  dark  gray  in  color, 
and  heating  is  continued  with  stirring  until  the  gray  color  is  sup¬ 
planted  by  the  buff  of  ceric  oxide.  This  operation  requires  10  to 
15  minutes.  The  ceric  oxide  is  now  ready  for  use,  and  may  be 
dissolved  in  sulfuric  or  nitric  acid  and  made  up  to  standard.  The 
oxide  should  be  allowed  to  digest  with  the  concentrated  acid  for 
one  hour  below  the  boiling  point  before  dilution. 

Perchlorato  cerate  may  be  prepared  by  suspending  the  oxalate 
in  4  to  6  M  perchloric  acid  and  electrolytically  oxidizing  the  ma¬ 
terial,  following  the  method  of  Smith,  Frank,  and  Kott  ( 5 ). 

If  phosphoric  acid  is  present  in  the  titration  residues,  the  re¬ 
covery  is  impractical,  because  excessive  amounts  of  sodium  hy¬ 
droxide  are  required  to  neutralize  the  high  acid  concentration 
necessary  when  tetravalent  cerium  is  used  with  phosphate,  and 
because  ceric  phosphate  is  insoluble  in  acid  solutions. 

Discussion.  The  procedure  has  been  tested  on  solutions  con¬ 
taining  Fe+++,  Mn++,  (U02)++,  V+++++,  Mo++++++,  Cr+++, 
Cu++,  Co++,  As+++++,  and  Sb+++++.  Small  amounts  of  Mn++ 
(£)  and  (U02)  +  +  (2)  are  precipitated  along  with  the  cerous  oxa¬ 
late,  and  must  be  removed  by  the  hydrochloric  acid  treatment  if 
they  would  be  likely  to  interfere  in  the  use  of  the  standard  solu¬ 
tion.  In  no  other  case  wras  the  precipitate  found  to  be  con¬ 
taminated. 

The  percentage  recovery  of  cerium  following  the  procedure  de¬ 
scribed  is  dependent  upon  several  factors:  the  concentration  of 
the  cerium  in  the  residues;  the  final  acidity  of  the  mother  liquor; 
the  nature  of  the  contaminants,  manganese  and  uranyl  ion  lower¬ 
ing  the  recovery  since  a  reprecipitation  is  necessary;  the  com¬ 
pleteness  of  conversion  of  the  oxalate  to  the  dioxide;  and  the 
temperature  to  which  the  oxide  is  heated  during  the  ignition, 
high  temperatures  resulting  in  the  formation  of  some  refractory, 
insoluble  ceric  oxide.  Careful  control  of  the  conditions,  however, 
is  unwarranted,  since  the  percentage  recovery  under  ordinary 
conditions  seldom  falls  below  95%. 

Summary.  Sulfato,  nitrato,  and  perchlorato  cerate  solutions 
may  be  prepared  from  titration  residues  containing  cerium.  The 
procedure  is  simple  and  inexpensive,  allowing  a  recovery  of 
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Crucible  Holder  for  Use  with  Rubber 
Extraction  Apparatus 

WM.  E.  BOYD,  Inspection  Board  of  United  Kingdom  and  Canada, 
Nobel,  Ontario,  Canada 


TO  ELIMINATE  the  difficulty  of  attaching  sintered-glass 
crucibles  by  wires  or  wire  baskets  to  the  condensers  of 
Underwriters’  rubber  extraction  apparatus,  the  following  method 
was  devised. 
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Figure  1 


Figure  3 


A  5-mm.  glass  rod  is  bent  as  shown  in  Figure  1,  where  spaces 
between  parallel  fines  represent  1-em.  distances.  The  bent 
glass  rod,  dropped  into  a  400-ml.  flask,  assumes  the  position 
shown  in  Figure  2 .  When  a  sintered-glass  crucible  is  then  inserted, 
the  bottom  edge  exerts  a  slight  pressure  on  the  rod  at  A,  Figure  2, 
causing  it  to  swing  around  and  thus  support  the  crucible  as 
shown  in  Figure  3. 

After  extraction  the  crucible  is  easily  lifted  out  with  metal 
forceps  and  the  rod  washed  with  a  small  amount  of  the  extracting 
solvent. 
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A  Device  to  Relieve  Bumpy 
Distillations 

R.  T.  HILL  and  W.  L.  JACOBS 
Departments  of  Anatomy  and  Physiolosy,  Indiana  University, 
School  of  Medicine,  Bloomington,  Ind. 


TO  PREVENT  bumping  during  distillation  some  mechanism 
is  necessary  to  disperse  the  heat  applied  and  to  agitate  the 
fluid  to  be  distilled.  The  device  herein  described  has  proved  ex¬ 
tremely  effective.  Its  principle  is  basically  the  same  as  that 
involved  in  a  Cottrell  ( 1 )  pump  for  use  in  the  determination 
of  boiling  points  of  solution.  However,  the  apparatus  was  de¬ 
vised  in  the  absence  of  any  knowledge  of  the  Cottrell  pump. 

A  glass  tube  is  bent  in  a  U-form,  with  one  arm  somewhat  shorter 
than  the  other,  inverted,  and  introduced  into  the  distilling  flask 
(A).  The  U-tube  should  be  long  enough  to  extend  from  the  bot¬ 
tom  of  the  flask  for  a  short  distance  into  the  neck.  Its  length 
thus  serves  to  hold  it  in  the  upright  position.  If  for  any 
reason  a  shorter  U-tube  is  desired,  a  glass  rod  may  be  welded 
to'  it  to  hold  it  upright  ( B ).  The  short  arm  of  the  U  should 
be  just  above  the  level  of  the  fluid  in  the  flask,  while  the  long  arm 
should  rest  on  the  bottom  of  the  flask  directly  above  the  source 
of  heat.  No  attempt  should  be  made  to  have  the  end  of  the  long 
arm  fit  uniformly  around  its  rim  on  the  bottom  of  the  flask,  al¬ 
though  no  ill  effects  from  a  close  fit  are  anticipated.  Obviously 
it  should  not  fit  the  bottom  of  the  flask  so  tightly  as  to  prevent 
the  distilling  fluid  from  passing  under  it.  If  a  large  flask  is  used 
for  distilling  a  large  quantity  of  fluid,  two  or  three  U-tubes  should 
be  added,  the  short  arm  of  one  of  which  is  just  above  fluid  level 
at  the  start  of  distillation.  The  short  arms  of  the  other  U-tubes 
should  be  of  different  lengths,  and  below  fluid  level. 

As  the  fluid 
reaches  the  boiling 
point,  the  h«,t  will 
cause  fluid  and  va¬ 
por  to  rise  to  the  top 
of  the  tube.  Then 
fluid  drops  descend 
in  the  short  arm  of 
the  tube  by  a  com¬ 
bination  of  gravity 
and  the  force  of  the 
applied  heat.  In 
this  way  agitation 
is  produced  and  the 
superheated  fluid  at 
the  bottom  of  the 
flask  is  partly  car¬ 
ried  away.  When 
a  series  of  tubes  is 
used,  one  or  more 
have  their  short 
arms  above  the 
level  of  the  fluid  at 
all  times  and  as  the 
fluid  level  drops  in 
the  flask,  others 
come  in  to  play. 
Some  advantage  is 
secured,  even 
though  both  ends 
are  submersed  in  the  fluid,  from  the  circulation  of  vapor  bubbles 
and  fluid  through  the  inverted  U-tube.  At  times  it  is  an  advan¬ 
tage  to  have  the  long  end  of  the  tube  flared  slightly  in  the  fashion 
of  a  funnel  (see  diagram).  The  diameter  of  the  glass  tube  can 
vary  somewhat ;  an  inside  diameter  of  2  to  3  mm.  has  been  found 
effective.  Modifications  can  be  adapted  to  meet  many  needs — 
particles  in  the  distilling  fluid,  viscosity,  etc. 

If  the  presence  of  metal  in  the  distilling  flask  is  not  objection¬ 
able  a  polished  brass  or  aluminum  rod,  3  to  4  mm.  in  diameter, 
may  take  the  place  of  glass. 

Many  of  the  authors’  friends  have  used  the  inverted  U-tube 
method  to  control  bumping,  and  recently  its  use  has  spread  to 
other  universities  and  laboratories. 
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Take-Off  for  Recovering  Solvent  from 
Rubber  Extraction  Apparatus 

WM.  E.  BOYD,  Inspection  Board  of  United  Kingdom  and  Canada, 
Nobel,  Ontario,  Canada 


INSTEAD  of  allowing  solvent  (carbon 
tetrachloride)  to  boil  away  after  ex¬ 
tracting  material  in  the  Underwriters’ 
rubber  extraction  apparatus,  the  follow¬ 
ing  simple  take-off  was  devised. 

To  a  flask  of  sufficiently  wide  mouth  to 
accommodate  the  condenser  is  attached  a 
piece  of  glass  tubing  having  an  outside  di¬ 
ameter  of  at  least  10  cm.  and  bent  in  the 
form  illustrated  in  Figure  1 .  After  extrac¬ 
tion  has  been  effected  in  the  extraction 
flask,  A,  the  condenser, C,  is  raised,  the  ex¬ 
traction  thimble  is  removed,  the  bent-arm 
flask,  B,  is  connected  with  the  extraction 
flask,  using  a  cork  stopper,  and  the  con¬ 
denser  is  placed  in  the  mouth  of  the  bent- 
arm  flask.  The  solvent  is  then  boiled  out 
of  the  extraction  flask  and  the  condensate 
caught  in  the  bent-arm  flask,  care  being 
taken  to  avoid  excessive  heating  or  dry¬ 
ing  of  the  solute  in  the  extraction  flask. 
Solvent  recovery  is  excellent  and  residual  material  in  A  is  in 
no  way  contaminated  for  further  chemical  treatment. 


NEW  EQUIPMENT  and 
BOOK  REVIEW 


Fluoride  Tester 

The  Harrold  fluoride  tester,  a  test  instrument  devised  for  rapid 
analysis  of  a  contaminated  atmosphere  when  hydrofluoric  acid, 
sodium  fluorides,  or  calcium  fluorides  are  present,  is  announced  by  the 
Production  Equipment  Co.,  6432  Cass  Ave.,  Detroit  2,  Mich.  De¬ 
veloped  as  an  aid  to  safety  engineers  for  the  analysis  of  welding 
atmospheres  and  for  use  in  light  metal  foundries,  the  complete  test 
kit  weighs  less  than  5  pounds.  The  air  is  drawn  past  a  calibrated 
test  paper,  which  instantly  changes  color  if  fluorides  are  present. 
Test  papers  are  guaranteed  to  be  stable  for  3  months. 


Geiger-Counter  Spectrometer 

A  new  x-ray  instrument,  the  Geiger-counter  spectrometer,  was  un¬ 
veiled  publicly  at  the  National  Metal  Congress  and  Exposition,  held 
October  16  to  20  in  Cleveland,  Ohio.  A  product  of  the  North  Ameri¬ 
can  Philips  Co.,  Inc.,  New  York,  it  utilizes  a  Geiger-Muller  tube  to 
measure  the  intensity  and  position  of  interference  lines  encountered 
in  x-ray  diffraction  analysis  work. 


Laboratory  Guide  in  Chemistry.  Joseph  H.  Roe.  192  pages.  C.  V. 

Mosby  Co.,  St.  Louis,  Mo.,  1944.  Price,  $1.00. 

Experiments  in  this  laboratory  guide,  which  is  bound  in  a  plastic 
loose-leaf  binding,  are  designed  to  accompany  the  author’s  textbook 
“Principles  of  Chemistry”,  and  were  incorporated  in  former  editions 
of  the  text.  Forty  exercises  are  presented,  five  of  them  prepared  for 
this  edition. 
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Applicability  of  Newer  Physical  Methods  for  Hydrocarbon 

Analyses 

W.  J.  SWEENEY,  Esso  Laboratories,  Elizabeth,  N.  J. 


ome  of  the  newer  physical  methods  are  Finding  wide  application  in 
ydrocarbon  analyses.  Many  highly  complex  problems  are  greatly 
mplified  by  a  Judicious  use  of  these  methods.  The  author  sum- 
arizes  briefly  the  advantages  resulting  therefrom  in  the  analysis  of 
etroleum  products. 


D\  ER  the  past  several  years  great  progress  has  been  made  in 
applying  the  principles  of  physics  to  methods  of  analysis 
>r  hydrocarbons.  For  security  reasons,  very  little  of  this  work 
is  yet  been  published.  The  purpose  of  the  present  article  is 
erely  to  indicate  the  applicability  of  this  published  information 
i  the  needs  of  research  in  the  petroleum  industry.  A  short 
bliography  is  appended  for  more  detailed  references  on  the  sub- 
ct. 

Experience  has  shown  that  it  is  profitable  to  take  analytical 
ork  out  of  the  routine  class  and  to  consider  it  as  a  vital  part  of 
itroleum  research,  development,  and  manufacturing.  The 
lysicists  and  the  manufacturers  of  optical  and  electrical  instru- 
ents  have  opened  up  a  new  field  in  this  class  of  analytical  work, 
his  development  is  still  in  its  infancy;  but  it  has  made  such 
rides  as  to  warrant  confidence  of  its  future  indispensability  in 
rving  the  petroleum  industry  in  laboratory  research  as  much 
other  physical  methods  have  helped  in  oil  field  production. 
This  new  analytical  technique  will  not  replace  older  methods 
itirely.  It  has  already  been  amply  demonstrated  by  experience 
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Figure  1.  Distribution  of  Hydrocarbon  Groups  by 
Boiling  Point 


that  all  analytical  methods,  new  and  old,  are  less  competitive 
and  more  complementary  when  they  are  most  efficiently  applied. 
Moreover,  in  the  present  state  of  the  art,  it  is  not  always  possible 
to  decide  beyond  question  which  instrument  is  best  for  any  pur¬ 
pose.  As  an  example  of  the  variety  of  equipment  for  which  a 
modern  petroleum  research  laboratory  can  have  full-time  use,  a 
partial  list  of  the  physical  instruments  currently  used  by  the 
Esso  Laboratories-Research  Division  of  the  Standard  Oil  De¬ 
velopment  Company  is  as  follows: 

20  Fractional  distillation  columns  (Fenske  packing) 

6  Podbielniak  Hyd-Robot  columns 
2  Podbielniak  manually  operated  columns 
1  Gaertner  infrared  spectrograph 
1  Beckman  infrared  spectrophotometer 

1  Perkin-Elmer  infrared  spectrograph 

2  Beckman  ultraviolet  spectrophotometers 
1  ARL-Dietert  emission  spectrograph 

1  Westinghouse  mass  spectrograph 
1  Raman  spectrograph  (accessible  but  not  owned) 

This  list  does  not,  of  course,  include  all  the  conventional  chemi¬ 
cal  equipment  that  was  used  prior  to  the  introduction  of  the 
newer  techniques  and  is  still  being  used  concurrently  with  them. 

PROBLEMS  OF  PETROLEUM  ANALYSIS 

A  satisfactory  way  to  become  oriented  as  to  the  interdepend¬ 
ence  of  these  methods  is  to  consider  the  complexity  of  petroleum 
and  of  the  problems  of  its  analysis.  To  illustrate  this  point,  in 
Figure  1  the  isomers  of  normal  paraffins,  isoparaffins,  naphthenes, 
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Table  I.  Hydrocarbons  Found  in  Typical  Crudes 

(A.P.I.  Project  6) 


Paraffins, 

40-102°  C.  Naphthenes,  40-102°  C. 


Aromatics, 
80-160°  C. 


2.2- Dimethylbutane 

2.3- Dimethylbutane 

2- Methylpentane 

3- Methylpentane 
n-Hexane 

2.2- Dimethylpentane 

2.4- Dimethylpentane 

2.3- Dimethylpentane 

2- Methylhexane 

3- Methylhexane 
n-Heptane 


Cyclopentane 

Methylcyclopentane 

Cyclohexane 

1.1- Dimethylcyclopentane 
1,3-Dimethylcyclopentane  (T) 

1.2- Dimethylcyclopentane  (T) 
Methylcyclohexane 


Total  Possible  Compounds 


15 


52 


Benzene 

Toluene 

Ethylbenzene 

p-Xylene 

wi-Xylene 

o-Xylene 

Isopropjdbenzene 

n-propylbenzene 


8 


olefins,  diolefins,  and  aromatics  are  grouped  according  to  boiling 
point,  up  to  and  including  hydrocarbons  of  9  carbon  atoms.  The 
complexity  of  the  problem  is  readily  seen,  when  considering  the 
possible  mixtures  that  may  exist  with  boiling  points  above  100°  F. 
In  Figure  2  an  attempt  has  been  made  to  show  diagram- 
matically  the  classes  of  hydrocarbons  in  various  types  of  mate¬ 
rials  and  products,  with  particular  reference  to  petroleum,  for 
which  complete  analyses  are  highly  useful  in  manufacturing  and 
refining  control.  The  full  complexity  of  this  problem  can  also 
be  visualized  by  superimposing  this  diagram  on  that  of  Figure  1. 

Fortunately,  however,  in  most  cases  all  the  possible  compo¬ 
nents  are  not  present,  and  in  practice  the  problem  is  not  so  com¬ 
plex  as  at  first  appears.  Nature  has  been  helpful.  A  good  ex¬ 
ample  of  this  is  shown  in  Table  I.  Here  are  listed  the  paraffins 
and  naphthenes  boihng  between  40°  and  102°  C.  (104°  and 
216°  F.),  and  the  aromatics  boihng  below  160°  C.  (320°  F.) 
which  were  found  by  Rossini  and  his  co-workers  (4)  in  virgin 
naphthas  occurring  naturally  in  petroleum  crude  oil.  Of  the 
paraffins,  11  out  of  the  possible  15  have  been  identified.  Only 
7  naphthenes  are  indicated  to  be  present  in  appreciable  quanti¬ 
ties  out  of  the  possible  52.  On  the  other  hand,  all  the  possible 
aromatics  were  found  to  be  present. 

In  general,  the  newer  methods  of  analysis  cannot  be  applied 
directly  to  mixtures  containing  a  large  number  of  components. 
For  this  reason,  it  is  necessary  to  “divide  to  conquer”.  To  ob¬ 
tain  accurate  and  reliable  results,  the  number  of  components 
should  be  decreased  to  about  8,  and  preferably  fewer,  by  employ¬ 
ing  ah  available  means  of  separation,  such  as  fractional  distilla- 
ion. 

As  an  illustration  of  what  can  be  done  along  these  lines,  Figure 
3  shows  a  combination  method  for  the  analysis  of  a  complete 
C.i-hydrocarbon  cut.  The  butadiene  content  can  be  determined 
directly  by  ultraviolet  absorption,  but  the  remaining  compounds 
are  analyzed  by  infrared  absorption,  only  after  making  appro¬ 
priate  separations  to  reduce  the  complexity,  and  that  entails  the 
removal  of  the  butadiene.  The  amount  of  n-butane  and  isobu¬ 
tane  is  determined  on  a  part  of  the  sample  from  which  the  olefins 
have  been  removed  with  bromine.  Infrared  measurements  are 
then  made  on  another  part  of  the  total  sample;  these  measure¬ 
ments  are  corrected  for  the  amount  of  n-butane  and  isobutane 
previously  found;  and  the  amount  of  each  of  the  C  4-olefins  is 
then  calculated. 

By  using  this  method,  the  required  calculations  are  greatly  re¬ 
duced  as  compared  to  those  required  when  the  analysis  is  made  by 
infrared  alone  on  the  total  sample.  A  preliminary  fractional  dis¬ 
tillation  as  in  the  Podbielniak  Hyd-Robot  (5)  also  contributes 
to  the  accuracy  of  this  type  of  analysis  by  removing  C3  and  C5 
hydrocarbons,  which  definitely  interfere  with  the  infrared  analy¬ 
sis.  It  is  not  necessarily  true  that  the  method  here  outlined  is  the 
best  for  analyzing  the  C4  mixture;  but  it  is  true  that  the  best 
method  will  involve  an  analogous  system  of  simplifying  short 
cuts  based  on  good  judgment.  Just  as  the  expert  golfer  uses  a 
variety  of  golf  clubs,  an  expert  in  hydrocarbon  analysis  will  use 
the  combination  of  instruments  best  suited  to  the  particular  job. 


While  these  newer  methods  have  resulted  both  in  shortening 
the  time  required  for  certain  analyses  and  in  permitting  other 
analyses  to  be  done  which  were  not  previously  possible,  it  is  not 
therefore  to  be  inferred  that  earlier  workers  were  wholly  in  the 
dark.  The  “old-fashioned”  chemical  and  physical  methods  have 
been  and  are  being  used  to  good  effect  in  obtaining  analyses, 
both  as  to  type  and  as  to  specific  hydrocarbons,  of  many  materials 
important  to  the  war  effort — for  example,  the  components  of 
aviation  gasoline  and  of  synthetic  rubber.  There  will  always 
be  a  need  for  the  older  methods.  Such  techniques  as  distillation, 
fractional  or  azeotropic,  crystallization,  solvent  extraction, 
bromination,  or  other  chemical  methods  of  separation  and  iden¬ 
tification,  will  be  useful  and  necessary  parts  of  the  analytical 
stock  in  trade.  In  particular,  they  will  be  used  for  type  analyses 
on  complex  mixtures,  as  a  guide  to  the  choice  of  optical  methods 
and  of  the  proper  individual  hydrocarbons  to  be  prepared  in  ut¬ 
most  purity  for  background  standards  in  spectral  analysis.  It 
is  obviously  impossible  to  stock  a  “bank”  with  standard  samples 
of  all  conceivable  hydrocarbons.  A  laboratory  working  in  a 


Figure  3.  Combination  of  Methods  for  Analysis 
of  C4  Cut 


Table  II.  Hydrocarbons  Required  for  Spectrometer  Calibrations 


(A.P.I.  Project  46) 


Paraffins 

C1-C4,  all  isomers  5 

Cs,  all  isomers  3 

C6,  all  isomers  5 

C-,  all  isomers  9 

Cs,  liquid  isomers  17 

Cs,  lower  isomers  5 

Cs-Cio,  normal  compounds  2 

Aromatics 

Cs-Cs,  all  isomers  6 

Cs,  all  isomers  8 

Alkyl  cyclopentanes 

C6-C7,  known  isomers  7 

Cs,  known  isomers  11 

Alkyl  cyclohexanes 

Ce-Cs,  all  isomers  10 

Aliphatic  olefins 

C2-C6,  all  isomers  12 

Cs,  below  50°  C.  1 

Aliphatic  diolefins 

C3-C4,  allene,  butadiene  2 

Cs.isoprene;  cis-1,3-,  trans-1,3-;  1,4-;  2,3-  5 

Acetylenes 

C2-C4,  simple  isomers  4 

Cyclic  olefins 

C6,  cyclopentene  1 

Cyclic  diolefins 

Cs,  cyclopentadiene  1 
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18 

10 


13 


7 
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1 
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given  field  can  make  type  analyses  of  its  more  important  raw 
materials,  intermediates,  and  products,  thereby  determining 
what  hydrocarbons  are  of  greatest  immediate  importance  in  that 
field.  Then  the  standard  samples  can  be  prepared. 


Figure  4.  Schematic  Diagram  of  Divided  Beam  Spectrograph 


Regarding  the  choice  and  availability  of  hydrocarbon  stand¬ 
ards,  a  number  of  organizations  have  contributed  as  part  of  the 
war  effort  an  important  fund  of  information  on  the  hydrocarbons 
present  in  aviation  gasoline  and  in  materials  for  synthetic  rub¬ 
ber.  This  includes  not  only  hydrocarbons  isolated  by  analysis 
as  at  the  National  Bureau  of  Standards  and  the  Pennsylvania 
State  College,  but  also  those  prepared  by  synthesis  under  the 
auspices  of  the  American  Petroleum  Institute — e.g.,  Ohio  State 
University — and  in  the  laboratories  of  the  National  Advisory 
Committee  for  Aeronautics,  the  General  Motors  Corporation,  and 
several  petroleum  laboratories.  Although  some  of  these  hydro¬ 
carbons  may  not  be  present  in  commercial  streams,  it  is  desirable 
to  have  them  available  as  standards 
to  facilitate  research  on  manufacturing 
methods.  Generally  it  is  just  as  im¬ 
portant  to  have  standards  representing 
the  undesirable  hydrocarbons.  For 
example,  in  research  on  aviation  gaso¬ 
line,  it  is  as  important  to  have  data 
on  the  methylheptanes  which  have 
poor  antiknock  quality  as  on  the  de¬ 
sirable  trimethylpentanes,  in  order  to 
obtain  accurate  analyses  on  the  latter. 

With  advice  from  various  expert 
sources,  the  committee  of  a  newly 
constituted  A.P.I.  project  (Project  46,  > 

Hydrocarbons  for  Spectrometer  Cali¬ 
bration)  has  drawn  up  a  preliminary 
list,  which  it  is  hoped  will  include  the 
most  useful  standards.  This  is  shown 
in  Table  II.  Some  of  these  hydro¬ 
carbons  are  now  available  in  a  relatively 
pure  state,  but  some  will  have  to  be 
made.  All  will  eventually  be  purified 
to  a  high  degree  and  will  be  available 
to  those  who  need  them  at  or  near  cost. 

This  is  obviously  a  necessary  coopera¬ 
tive  service  to  utilize  effectively  the 
equipment  and  methods  of  spectrom¬ 
etry.  It  is  hoped  that  contributions 
will  come  to  that  committee  (refer  to 
R.  P.  Anderson,  American  Petroleum 
Institute,  50  West  50th  St.,  New  York, 

N.  Y.),  both  in  hydrocarbons  which 


might  be  available  and  in  suggestions  as  to  important  hydro¬ 
carbons  which  should  be  added  to  the  fist. 

PERSONNEL 

If  it  is  admitted  that  the  various  analytical  techniques,  new 
and  old,  must  be  used  interdependently  for  greatest  effectiveness, 
it  can  be  seen  that  an  investigator  working  alone  needs  to  have 
mastered  both  fundamental  chemistry  and  fundamental  physics 
and  must  have  developed  some  degree  of  skill  in  instrumentation. 
When  working  in  a  group,  the  chemist  and  the  physicist  can 
spend  more  effort  in  their  respective  fields;  but  they  must  work 
as  an  integrated  team,  so  that  the  procedures  worked  out  will  be 
compatible  with  the  ends  in  view  and  with  the  facilities  available. 
In  other  words,  the  analytical  procedure  should  be  only  suffi¬ 
ciently  accurate  for  the  job  at  hand,  should  be  built  around  the 
type  of  equipment  and  operators  available,  and  should  be  changed 
as  circumstances  and  availability  of  new  facilities  dictate.  In 
order  to  satisfy  these  requirements  it  is  therefore  necessary  that 
close  liaison  be  effected  between  the  analytical  staffs  and  the 
people  who  use  the  analytical  results — namely,  the  manufactur¬ 
ing,  development,  and  research  departments. 

INSTRUMENTATION 

Among  the  most  important  factors  contributing  to  the  success 
of  the  newer  methods  have  been  the  skill  and  the  ingenuity  of  the 
instrument  manufacturers.  Without  this  contribution  all  the 
skill  displayed  by  the  analyst  in  the  development  of  techniques 
would  amount  to  little.  As  an  example,  there  may  be  men¬ 
tioned  one  recent  development  which  was  made  by  analysts  at 
the  Esso  Laboratories,  but  which  was  made  possible  by  the  con¬ 
tributions  of  the  instrument  people.  This  development  is  the 
modification  of  a  Gaertner  infrared  monochrometer  to  permit  the 
recording  of  infrared  spectra  directly  in  terms  of  optical  density. 
This  modification  has  been  of  the  greatest  value  in  permitting 
the  obtaining  of  “working”  spectra  of  pure  hydrocarbons  directly 
from  the  instrument  with  a  large  saving  in  time.  The  modifica- 


Abooe.  2,2,4-Trimelhylpentane.  A.P.I.  hydrocarbon  31  P.  Liquid  0.1  mm.  thick. 
Below.  2,2,3-trimethylpentane.  A.P.I.  hydrocarbon  36  BL 
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tions  are  shown  in  Figure  4  where  the  light  from  the  source  is 
split  into  two  beams,  one  passing  through  the  cell  containing  the 
sample  and  the  other  through  an  empty,  similar  cell,  after  which 
both  beams  enter  the  monochrometer.  The  amount  of  energy 
from  each  of  these  beams  is  picked  up  by  separate  thermocouples, 
amplified,  ratioed  with  a  self-balancing  bridge,  and  the  result 
recorded  directly  in  optical  density.  Stability  and  other  char¬ 
acteristics  essential  for  good  quantitative  analysis  have  been 
found  entirely  satisfactory.  Figure  5  shows  the  spectra  of 
2,2,4-trimethylpentane  and  of  2,2,3-trimethylpentane  as  they 
were  taken  directly  from  the  recorder. 


Table  III.  Analyses  of  Synthetic  Octane  Blend 


Syn¬ 

thetic 

Analy¬ 

Analy¬ 

Analy¬ 

Analy¬ 

Analy¬ 

Constituent 

Com¬ 

sis 

sis 

sis 

sis 

sis 

position 

No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

2,2,4-Trimethylpentane 

27.8 

27.0 

28.0 

28.2 

27.4 

27.9 

2,5-Dimethylhexane 

1.7 

0.0 

2.3 

1.8 

1.4 

2.3 

2,4-Dimethylhexane 

1.6 

2.9 

0.2 

0.0 

2.6 

2.1 

2,2,3-Trimethylpentane 

30.7 

32.2 

32.1 

32.4 

31.4 

31.0 

2,3,4-Trimethylpentane 

29.5 

30.6 

31.4 

30.6 

30.4 

30.1 

2,3,3-Trimethylpentane 

6.8 

6.4 

6.0 

7.0 

5.9 

6.6 

2,3-Dimethylhexane 

1.9 

0.9 

0.0 

0.0 

0.9 

0.0 

Figure  6.  Perkin-Elmer  Infrared  Spectrometer 


other  of  the  newer  instruments  will  be  carried  to  a  similar  degree 
where  such  improvements  are  needed. 

TYPICAL  APPLICATION 

Applications  of  infrared  to  hydrocarbon  analyses  are  ade¬ 
quately  covered  by  Brattain  and  co-workers  (7).  This  subject 
can  be  taken  as  a  case  in  point  for  further  amplification,  being 
applied  along  with  distillation  to  the  analysis  of  the  C8  paraffins, 
as  an  example  of  what  the  petroleum  technologist  in  cooperation 
with  the  instrument  designer  can  do.  One  important  applica¬ 
tion  of  infrared  spectrometry,  when  it  is  combined  with  suitable 
distillation,  is  the  analysis  for  the  individual  paraffins  in  a  mix¬ 
ture  such  as  a  commercial  “isooctane”  fraction.  Distillation  is  an 
integral  part  of  this  program,  to  obtain  cuts  having  not  more  than 
8  components  and  to  make  separations  where  spectral  differences 
of  the  hydrocarbons  are  not  so  pronounced  as  might  be  wished. 
In  Table  III  there  are  presented  the  infrared  analyses  of  one 
synthetic  mixture  containing  7  of  the  isomeric  octanes,  to  show 
that  both  accuracy  and  reproducibility  are  well  within  the  limits 
required  for  most  applications. 

Previously,  analyses  of  such  mixtures  as  paraffinic  alkylates 
have  been  done  in  an  empirical  way  on  the  basis  of  boiling  points 
in  an  “analytical  distillation”.  In  general,  this  has  required  a 


Figure  7.  Optics  of  Perkin-Elmer  Infrared  Spectrometer 


The  continual  introduction  of  improved  instruments  is  proof 
that  instrument  manufacturers  recognize  their  important  service 
to  research,  development,  and  manufacturing. 

The  type  of  instruments  under  discussion — for  example,  in¬ 
frared  and  mass  spectrographs  (6) — requires  highly  skilled  work¬ 
manship.  Utmost  precision  is  needed  in  the  optical,  electrical, 
and  mechanical  trains  of  the  apparatus,  some  of  which  are  cus¬ 
tom-built.  The  price  range  at  the  present  time  usually  falls 
between  the  limits  of  $2000  and  $20,000,  depending  upon  the 
complexity  of  construction  and  the  number  of  units  that  can  be 
built  to  standardize  design.  The  Beckman  infrared  spectro¬ 
photometer  is  already  well  known  as  an  example  of  an  instrument 
suitable  for  routine  analyses  of  gases.  An  example  of  a  new  in¬ 
strument  of  moderate  price  intended  for  fairly  wide  service  is 
shown  in  Figure  6.  A  partial  view  of  the  optics  of  this  Perkin- 
Elmer  infrared  spectrometer  is  shown  in  Figure  7. 

Taking  instrumentation  with 
infrared  as  typical,  it  is  easy  to 
predict  that  the  developments 
of  the  future  will  include  auto¬ 
matically  recording  instruments, 
monochrometers  with  higher 
resolution,  more  sensitive  detect¬ 
ing  systems,  better  amplifiers, 
more  intense  light  sources,  and 
higher  precision  machine  parts. 

One  would  also  predict  that  the 
improvements  to  come  in  the 


ANTIKNOCK  QUALITY  - >- 


Figure  8.  Relationship  between  Composition  and  Antiknock 
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40 

Boiling  Range 

2,3-Dimethylpentane 

2.2.4- Trimethylpentane 
2,5-Dimethylhexane 

2.4- Dimethylhexane 

2.2.3- Trimethylpentane 

2.3.4- Trimethylpentane 

2.3.3- Trimethylpentane 

2.3- Dimethylhexane 


Table  IV.  Infrared  Analysis  of  Contiguous  Cuts  Distilled  from  Experimental  Fuel 

94-  99-  100-  109- 

99°  C.  99°  C.  100°  C.  109°  C.  112°  C.  113-114°  C.  114°  C. 

17 
83 
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Ultraviolet  Absorption 

Benzene 
Toluene 
Os  aromatics 
Ct  aromatics 
Butadiene 

Ultraviolet  Emission 

Potassium 

Barium 

Lead 

Raman 

Cs  aromatics 
C«  aromatics 
Simple  paraffins 


Table  V.  Analyses 

Routine  Infrared 

Isobutane-n-butane 
Isopentane— n-pentane 
C3-C4-C5  paraffins 
Isobutylene  purity 
Isobutylene 
Methyl  chloride 
Isobutane 

Mass  Spectrograph 

Exhaust  gas 
C4  cut 

Paraffin  gases 
Flue  gas 


Research  Infrared 

Individual  C6  paraffins 

Individual  C7  paraffins 

Individual  Cs  paraffins 

Cuts  of  alkylate 

Cuts  of  hydrocodimer 

Cyclopentane 

Cs  saturates 

Amylenes 

Isohexenes 

Benzene 

Toluene 

Cs  aromatics 

Cs  aromatics 


arge  background  of  experience  on  similar  products,  for  experience 
las  shown  that  distillation  plateaus  in  petroleum  distillates  repre- 
;ent  more  than  one  component  when  complex  mixtures  are  dis- 
illed. 

As  an  example,  Table  IV  gives  the  infrared  analyses  of  blended 
•uts  prepared  by  Fenske  (2)  from  the  distillation  of  an  experi- 
nental  fuel  in  a  still  of  1-barrel  capacity,  with  a  fractionating 
■olumn  having  100  equivalent  plates.  Considering  2,2,3-tri- 
nethylpentane  (b.p.  109.8°  C.)  it  will  be  noted  that  this  com- 
>ound  begins  to  show  in  the  cut  taken  off  at  99-100°  C.,  increases 
o  a  maximum  in  the  cut  taken  off  at  109-112°  C.,  and  is  still 
(resent  to  an  appreciable  extent  in  the  cut  taken  off  at  114°  C. 
It  the  time  the  distillation  was  made  the  infrared  technique  was 
lot  available;  with  the  aid  of  refractive  indices  and  other  physi- 
al  constants,  it  was  possible  to  translate  the  distillation  data  to 
ccurate  analyses  in  terms  of  the  major  components.  However, 
his  interpretation  required  much  more  experience  and  time  than 
rere  subsequently  needed  when  the  infrared  technique  was 
pplied. 

A  large  number  of  aviation  fuel-blending  agents  have  been 
nalyzed  by  infrared  and  the  data  have  been  found  useful  in  a 
>ractical  way  for  guiding  research  and  process  control.  Figure 
I  shows  empirically  the  effect  of  change  in  composition  of  a 
Tending  agent  on  antiknock  quality,  the  change  in  composition 
>eing  due  to  changes  in  operating  conditions. 


Table  VI. 

Savings  by  Optical  Methods 

Method 

Time 

Time  by 
Other  Methods 

■enzene  and  toluene 

Ultraviolet 

Hours 

0.75 

Hours 

4 

'%  aromatics 

Ultraviolet 

1 

(50) 

butadiene 

Ultraviolet 

0.25 

1 

otassium  ■ 

Ultraviolet 

1 

8 

larium 

Ultraviolet 

0.75 

2.5 

odium 

Ultraviolet 

I 

8 

ead 

Ultraviolet 

1 

2.5 

otal  C4  cut 

Infrared 

1 

3 

so-  and  n-butane 

Infrared 

0.25 

0.5 

jo-  and  n-pentane 

Infrared 

0.167 

5 

'1,  Cl  and  Cj  paraffins 

Infrared 

0.75 

5 

'«  paraffins 

Infrared 

6 

(200) 

'7  paraffins 

Infrared 

6 

(200) 

6  paraffins 

Infrared 

2 

(200) 

t  olefins 

Infrared 

3 

16 

Regarding  more  general  applications  of  spectrometry,  Table 
r  lists  a  number  of  analyses  found  possible  to  perform  by  spec- 
rographic  means.  This  list  by  no  means  exhausts  all  the  possi¬ 
bilities.  In  particular,  much  wider  application  of  the  emission 
pectrograph  should  prove  a  valuable  asset  in  analytical  work. 

As  to  the  savings  which  are  possible  by  optical  methods,  an 
ttempt  has  been  made  to  present  a  rough  estimate  in  Table  VI. 
n  almost  all  the  cases  shown  there  is  an  appreciable  saving  in 
ime  over  conventional  methods.  In  some  cases,  the  advantage 
or  the  spectrographic  method  is  more  than  200  hours.  In  prac¬ 


tice,  these  older  time-consuming  methods  would  rarely,  if  ever, 
be  used.  The  estimates  given  in  parentheses  are  not  so  firm  as 
the  others,  but  they  are  reasonable  for  methods  based  upon  frac¬ 
tional  distillation  at  very  high  reflux  ratios. 


SUMMARY 

Much  progress  has  been  made  in  applying  the  newer  techniques 
of  physics  to  hydrocarbon  analysis,  and  greater  advances  are  to 
be  expected.  However,  no  one  method  is  self-sufficient,  and  its 
usefulness  is  dependent  largely  on  judicious  combination  with 
other  methods.  It  might  be  expected  that  the  marked  decrease  in 
time  required  to  complete  an  analysis  should  result  in  a  decrease  in 
operating  costs  of  an  analytical  laboratory.  It  may  happen, 
however,  that  when  the  utility  of  such  analyses  becomes  appar¬ 
ent,  much  more  analytical  work  is  undertaken.  In  such  a  case 
the  total  cost  may  go  up;  but  this  may  be  fully  justified  by  a 
marked  gain  in  speed  of  research,  control  of  operations,  and  im¬ 
provement  of  product  quality. 
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Fifteen-Year  Collective  Index 

Prepublication  orders  for  the  Fifteen-Year  Collective  Index  to  the 
Analytical  Edition  of  Industrial  and  Engineering  Chemistry, 
Volumes  1  through  15,  are  now  being  accepted  by  the  American 
Chemical  Society.  Orders  accompanied  by  check  made  payable 
to  the  American  Chemical  Society  should  be  sent  to  1155  Six¬ 
teenth  St.,  N.  W.,  Washington  6,  D.C.  Prepublication  price,  SI. 75 
per  copy;  foreign  postage  10  cents  additional. 


Standards  for  Analytical  Filter  Papers 

Methods  have  been  developed  at  the  National  Bureau  of  Stand¬ 
ards,  Washington,  D.  C.,  for  testing  filter  papers  and  applying  the 
methods  to  the  establishment  of  standards  of  quality.  These  in¬ 
clude  rate  of  flow  of  water,  retention  of  fine  precipitates,  and  bursting 
strength  of  wet  paper,  and  an  improved  method  for  determination 
of  ash  content.  Other  tests  considered  by  the  bureau  as  desirable 
for  a  thorough  evaluation  of  filter  papers  are  thickness,  weight  per 
unit  area,  alpha-cellulose,  copper  number,  and  pH. 

The  bureau  has  completed  testing  the  various  types  and  grades 
of  analytical  filter  papers  made  in  England,  Sweden,  and  the  United 
States,  and  found  them  all  to  be  of  good  and  in  most  respects  of  equal 
quality. 


Correction.  In  the  article  on  ‘'Sulfuric  Acid  Extraction  in  Hy¬ 
drocarbon  Type  Analysis”  [Ind.  Eng.  Chem.,  Anal.  Ed.,  16,  558 
(1944)],  two  errors  appeared.  The  estimated  accuracy  of  the  vol¬ 
ume  per  cent  of  saturates  should  be  =*=2%  instead  of  =*=0.2%  as 
printed.  In  Table  III,  column  2,  the  last  blend  number  should  be 
7  instead  of  6  as  printed. 


Clyve  C.  Allen 


Spectrochemical  Analysis  with  the  Air-Acetylene  Flame 

JACOB  CHOLAK  and  DONALD  M.  HUBBARD 

Kettering  Laboratory  of  Applied  Physiology,  College  of  Medicine,  University  of  Cincinnati,  Cincinnati,  Ohio 


IN  THE  spectrochemical  analysis  of  biological  and  related 
materials  certain  elements  may  be  encountered  occasionally 
at  levels  of  concentration  that  do  not  require  methods  of  maxi¬ 
mum  sensitivity.  In  such  cases  the  prime  requisites  are  repro¬ 
ducibility  and  accuracy  of  results  and  convenience  of  procedure, 
qualities  which  are  more  easily  met  by  the  air-acetylene  flame 
method  than  by  any  other  form  of  excitation.  In  spite  of  this 
and  other  advantages,  spectrographers  in  this  country  have 
made  little  use  of  the  flame  method,  and  therefore  the  authors’ 
experience  in  the  adaptation  and  application  of  technical  proce¬ 
dures  is  given  in  this  article.  Much  of  the  material  is  not  original, 
but  the  information  is  widely  scattered  in  the  literature  and  since 
many  scientific  journals  are  not  readily  available  at  the  present 
time,  its  presentation  should  be  useful. 

PRINCIPLE 

With  the  air-acetylene  flame  it  is  possible  to  detect  34  ele¬ 
ments  (5) ,  among  which  are  those  of  greatest  interest  from  a  bio¬ 
logical  standpoint.  The  elements  that  can  be  detected  are  indi¬ 
cated  within  the  blocked-off  portions  of  Table  I.  The  approxi¬ 
mate  molar  sensitivities  of  detection  are  indicated  in  footnotes. 
The  flame  is  used  in  the  analysis  of  solutions  which  are  carried 
as  fine  mists  in  the  air  supplied  to  the  acetylene.  The  resulting 
light  is  then  analyzed  (photographed)  by  means  of  an  appro¬ 
priate  quartz  spectrograph.  The  photographed  lines  are  meas¬ 
ured  with  a  suitable  densitometer,  the  densities  of  the  lines  ob¬ 
tained  under  rigidly  controlled  conditions  of  exposure  and 
photography  being  proportional  to  the  amount  of  element  which 
produced  them. 


EQUIPMENT 

Figure  1  illustrates  the  atomizer  and  burner,  while  Figure  2 
shows  the  equipment  in  place  for  use.  In  details  of  construction 
this  equipment  follows  Lundeg&rdh’s  ( 6 ,  7)  latest  design  as  de¬ 
scribed  by  McClelland  and  Whalley  (8).  Although  the  general 
construction  is  evident  from  the  illustration,  a  number  of  meas¬ 
urements  and  details  have  been  omitted  to  make  the  drawing 
simpler,  and  these  are  given  below.  Ready-built  atomizers  and 
burners  may  be  imported  at  an  approximate  cost  of  $900,  but 
the  equipment  illustrated  was  built  for  about  $200,  the  most 
costly  item  being  the  fabrication  of  the  platinum-iridium  compo¬ 
nents.  The  cost  may  be  further  reduced  by  using  less  expensive 
and  less  resistant  alloys  for  the  metal  parts,  but  these  may  have 
to  be  replaced  frequently. 

Air  at  2.8  kg.  per  sq.  cm.  (40  pounds  per  square  inch)  is  taken 
from  a  compressor  and  passes  through  the  brass  tube,  A.  The 
air  in  passing  through  the  small  hole  in  C  (platinum-iridium  jet 
0.4  cm.  in  outside  diameter,  0.2  cm.  in  inside  diameter  except 
0.04-cm.  opening  at  top)  and  the  platinum-iridium  disk,  F  (0.1- 
cm.  hole  widening  to  a  45°  angle)  sucks  up  the  fluid  which  has 
entered  the  ebonite  lower  portion  of  nozzle  D  (1.2  cm.  in  diame¬ 
ter)  and  carries  it  as  a  spray  through  the  opening  (0.3  cm.)  in 


the  adjustable  ebonite  upper  portion  of  nozzle  E.  (The  brass 
tube,  A ,  to  which  C  and  D  are  fixed,  is  held  in  place  in  the  glass 
19/38  T  male  joint  by  means  of  the  lock  nut,  B,  and  a  rubber 
washer.)  The  larger  droplets  of  the  spray  issuing  from  E  are 
returned  to  the  main  portion  of  the  solution  when  they  strike 
the  walls  of  the  glass  vessel,  while  the  air  carrying  the  fine  mist  is 
led  to  the  burner  through  G.  Opening  G  must  be  large  enough, 
so  that  liquid  flowing  down  the  walls  is  not  forced  through  it;  ii 
this  should  occur,  the  liquid  would  fill  the  narrower  opening  iD 
which  this  outlet  ends,  thus  producing  a  pulsating  air  stream 
through  the  burner.  The  opening  in  D  should  be  made  low 
enough  so  that  the  atomizer  can  handle  2  cc.  of  sample  if  re¬ 
quired  to  do  so.  The  atomizer  illustrated,  when  set  in  a  vertical 
position,  can  handle  5  to  20  ml.  of  solution,  but  when  set  at  an 
angle  it  works  well  with  only  2  ml. 

The  air  compressor  is  operated  at  pressures  between  6.7  and 
8.1  kg.  (95  and  115  pounds)  by  means  of  a  Cutler-Hammer,  Style 
D,  regulator  switch  and  is  provided  with  an  outlet  carrying  a 
3.5-kg.  (50-pound)  maximum  adjustable  pressure  regulator. 
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Figure  1 .  Details  of  Construction  of  Lundegirdh  Atomizer  and 

Burner 


Table  I.  Elements  Susceptible  of  Flame  Analysis 


Shell 

1 

I 

1  H 

II 

III 

IV 

V 

VI 

VII 

VIII 

O 

2  He 

7  N 

8  O 

16  S 

9  F 

17  Cl 

10  Ne 
18  A 

2 

3  Lia 

4  Be 

5  B 

6  C 

14  Si 

15  P 

o 

24  Cr6 

25  Mn° 

26  Feb 

27  Co*> 

28  Nib 

36  Kr 

19  Kb 

29  Cu° 

37  Rba 

47  Ag“ 

55  Cs& 

20  Ca° 

20  Znc 

38  Sr° 

21  Sc4 

31  Garf 

39  Yrf 

22  Ti 

23  V 

5 

32  Ce 

40  Zr 

33  As 

41  Cb 

34  Se 
•  42  Mo 

35  Br 

43 .  .  . 

44  Ru“ 

45  Rhrf 

46  Pdb 

6 

48  Cdc 

56  Ba& 

49  Inrf 

57-71 

Rare  earths* 

50  Sn 

72  Hf 

51  Sb 

73  Ta 

52  Te 

74  W 

53  I 

75  Re 

76  Os 

77  TV 

78  Pt 

54  Xe 

86  Rn 

79  Au° 

80  Hgc 

81  Tla 

82  Pb6  | 

83  Bi 

84  Po 

85.  .  . 

94.  .. 

.... 

.... 

7 

87.  .  . 

88  Ra 

89  Ac 

90  Th 

91  Pa 

92  U 

93.  .  . 

.... 

.... 

°  0.0001  molar.  b  0.001-0.0001  molar.  c  0.001  molar.  rf  Undetermined.  •  Rare  earths,  Dy,  Gd,  La,  Nd,  and  Pr,  all  undetermined. 
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Figure  2.  Burner  Equipment  Set  Up  for  Use 


In  the  moderate  range  of  pressures  at  which  the  compressor 
operates,  the  regulator  delivers  air  at  2.8  ±  0.035  kg.  per  sq.  cm. 
(40  ±  0.5  pounds  per  square  inch)  pressure. 

The  mist  issuing  from  G  is  led  to  the  burner  through  L  and  is 
mixed  with  acetylene  in  the  narrow  portion  of  the  Pyrex  tube. 
Acetylene  at  25-cm.  water  gage  enters  the  burner  through  H 
(platinum-iridium  jet  0.4  cm.  in  outside  diameter,  0.2  cm.  in 
inside  diameter,  with  screw  cap  of  same  material  holding  in  place 
a  platinum-iridium  disk  0.3  cm.  in  diameter  with  a  centered 
hole  0.05  cm.  in  diameter).  The  air-acetylene  mixture  issues 
through  a  platinum  wire  screen  (45-gage,  0.002-cm.,  0.008-inch, 
wire)  carried  in  the  rotatable  disk,  K,  and  finally  passes  through 
the  platinum-iridium  cone,  J. 

Acetylene  is  obtained  from  a  Prest-O-lite  Type  B  (40  cubic 
feet)  cylinder  and  is  maintained  at  25  ±  0.2  cm.  water  gage 
by  means  of  a  Type  OO  (10-pound)  Prest-O-lite  regulator  and  a 
second  needle  valve  between  the  regulator  and  the  water  ma¬ 
nometer.  Before  entering  the  burner  the  acetylene  is  passed 
through  a  water  bubbler  which  keeps  the  gas  moist  and  prevents 
clogging  of  the  orifice  in  H  by  material  which  otherwise  would 
deposit,  because  of  drying  of  the  mist  (8).  The  bubbler  also 
serves  to  remove  minute  particles  of  cylinder-packing  material 
which  would  clog  the  small  orifice.  It  is  good  practice,  before 
inserting  a  full  Prest-O-lite  cylinder,  to  blow  off  (in  the  open  air) 
a  sufficient  amount  of  acetylene  to  make  certain  that  acetone 
spray  is  not  carried  along  with  the  acetylene. 

The  burner  is  so  placed  that  the  cone  of  the  flame  is  in  the 
optical  axis  and  in  the  case  of  a  Bausch  &  Lomb  medium  quartz 
spectrograph,  it  is  set  5.5  to  6.0  cm.  from  the  slit.  Its  height  is 
so  adjusted  that  the  tip  of  the  blue  inner  cone  of  the  flame  is 
about  10  mm.  below  the  opening  of  the  slit  of  the  spectrograph, 
tn  this  position  maximum  intensity  is  obtained  (5)  and  the 
amount  of  light  entering  the  slit  is  further  increased  by  reflection 
rom  a  plane  chrome-plated  mirror  set  immediately  behind  the 
lame  (not  shown  in  Figure  1).  A  smaller  spectrograph  than  the 
me  indicated  can  be  employed,  but  its  dispersion  must  be  suffi¬ 
cient  to  separate  cleanly  the  manganese  triplet  at  4031  A.  from 
.he  potassium  doublet  at  4044/7  A.  In  the  particular  work  de- 
;cribed  the  standard  period  of  exposure  was  2  minutes.  East- 
nan  No.  33  plates  were  used  for  the  determination  of  all  lines 
rom  Mg  2852  A.  to  Sr  4607.3  A.,  and  Panchromatic  plates  for 
ines  at  longer  wave  lengths,  particularly  for  Na  5890/5.9  A.  and 
,i  6707.9  A. 

SENSITIVITIES 

In  practice  the  sensitivity  and  the  reproducibility  obtainable 
lepend  on  a  strict  standardization  of  the  details  of  operation. 
jSach  atomizer  and  burner  operates  most  efficiently  and  yields 


maximum  sensitivity  at  air  and  acetylene 
pressures  which  are  unique,  dependent 
upon  the  size  of  the  orifices  of  the  spray 
and  acetylene  jet.  Lundeg&rdh  worked 
at  air  pressures  varying  from  30  to  180 
pounds  per  square  inch  and  35-cm.  water 
gage  acetylene  (5);  McClelland  and 
Whalley  employed  air  at  100  pounds  per 
square  inch,  40-cm.  acetylene  (8);  Ells 
(2)  air  at  30  pounds  per  square  inch  and 
acetylene  at  22  cm.;  while  Griggs  and 
co-workers  (4)  used  air  at  37.5  pounds 
per  square  inch  and  acetylene  at  26  cm. 
The  authors  used  air  at  40  pounds  per 
square  inch  and  acetylene  at  25  cm. 
These  conditions  were  chosen  as  the 
most  suitable  for  the  simultaneous  analy¬ 
sis  of  certain  concentrations  of  mag¬ 
nesium,  copper,  sodium,  iron,  man¬ 
ganese,  potassium,  calcium,  and  stron¬ 
tium  when  all  of  these  cations  or  various 
combinations  of  them  were  present  in  the 
samples.  Whenever  ultimate  sensitivity 
is  required,  however,  each  element  pre¬ 
sents  a  problem  in  itself  and  the  best  con¬ 
ditions  for  its  detection  must  be  deter¬ 
mined  beforehand. 

The  variations  in  the  line  intensi¬ 
ties  of  certain  elements,  due  to  vary¬ 
ing  air  pressures  at  a  fixed  acetylene  pressure  of  25  cm.,  are 
graphically  illustrated  in  Figure  3.  These  relative  intensities 
were  obtained  by  means  of  an  intensity  calibration  standard 
placed  on  the  plate  with  a  step  sector.  The  density-intensity 
plot  of  the  plate  calibration  was  made  as  described  by  Pierce  and 
Nachtrieb  (12)  for  use  in  correcting  for  background.  Figure  3 
demonstrates  that  with  an  acetylene  pressure  of  25  cm.  the  air 
pressures  which  are  satisfactory  for  the  maximum  sensitivity  of 
detection  of  sodium  and  manganese,  among  others,  are  not  suit- 


Figure  3.  Variations  in  Line  Intensities  Obtained  with  Variations 
in  Air  Pressure 
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Table  II. 

Comparison  of  Sensitivities  of  Detection  by  Flame  and 
Arc  Excitation 

Element 

Passing  through 

Sensi-  Burner  in  2-  Element  on  Arc 

Element 

Line 

A. 

tivity 
Mg. /I. 

Min.  Exposure 
Mg. 

A.C.  and  D.C. 

Mg. 

Ag 

3280.7 

5 

1.5  X  10-3 

1  X  10-5 

Au 

2676 

20 

6.0  X  10-3 

Ba 

5535.5 

100 

3  X  10-2 

1  X  10-3  -  2  X  10-5 

Ca 

4226.7 

0.4 

1.?  X  10-3 

Cd 

3261.1 

200 

6  X  10-2 

2  X  10-3  _  1.7  x  10  5 

Co 

3526.9 

1 

3  X  10-3 

1.1  X  10  3 

Cr 

3578.7 

0.5 

1.5  X  10-3 

1  X  10  s 

Cs 

4553.3 

50 

1.5  X  10-2 

1.7  X  10-3  -  5  X  10-5 

Cu 

3247.5 

0.5 

1.5  X  10-3 

Fe 

3849.9° 

5 . 0 

1.5  X  10-3 

6  X  10-s  -  5  x  10  6 

Hg 

2536.5 

200 

6  X  10-2 

2  X  10  3 

K 

4044.2/7.2 

8 

2.4  X  10-3 

1.4  X  10-« 

Li 

6707.9 

0.1 

3  X  10-3 

2852.1 

5.0 

1.5  X  10-3 

6  X  10-5  -  1  X  10  5 

Mn 

4030. 8 b 

0.3 

9  X  10-3 

1.3  X  10-3  -  1  X  10  « 

Na 

5890/5.9 

3302.3/2.9 

0.2 

11.5 

6  X  10-3 
3.5  X  10-2 

2  X  10-3 

Ni 

3414.8 

10 

3  X  10-3 

2  X  10-3  _  1.5  x  10  5 

Pb 

4057 . 8 

100 

3  X  10-2 

1  X  10-3  -  8  X  10  7 

Pd 

3634.7 

20 

6  X  10-3 

Rb 

4201.8 

10 

3  X  10-3 

Ru 

3725.9/8.0 

10 

3  X  10-3 

6  X  10-5  -  5  X  10-« 

Sr 

4607.3 

0.2 

6  X  10-5 

T1 

3775.7 

0.4 

1.2  X  10-3 

2  X  10-5 

Zn 

3072.1 

3000 

9 

2  X  10-3  -  3  X  10  3 

a  3719.9  is  somewhat  more  sensitive. 
b  This  is  really  a  triplet. 


able  for  the  most  sensitive  detection  of  calcium  and  strontium. 
In  the  first  case  maximum  sensitivity  is  obtained  at  42.5  + 
pounds’  air  pressure,  and  in  the  second  case,  between  25  and  30 
pounds’  air  pressure.  Therefore  when  calcium  and  strontium 
must  be  determined  simultaneously  with  other  elements,  the 
conditions  chosen  must  be  the  most  favorable  for  the  detection 
of  the  cation  present  in  the  smallest  amount.  When  the  above 
test  is  repeated  at  a  lower  acetylene  pressure  (22  cm.)  the  shapes 
of  the  intensity  variation  curves  are  essentially  the  same,  but 
occur  at  lower  levels.  Some  increase  in  the  intensity  levels  is 
obtained  at  higher  acetylene  pressures,  but  the  gain  for  all  prac¬ 
tical  purposes  is  not  sufficiently  great  to  warrant  the  increased 
use  of  acetylene. 

Lundeg&rdh  (5)  has  determined  the  ultimate  sensitivities  of 
detection  of  most  of  the  elements  detectable  by  the  air-acetylene 
flame.  These  are  given  on  a  concentration  (milligrams  per  liter) 
basis  in  Table  II,  where  the  most  suitable  analytical  lines  are 
also  indicated.  Since  the  ultimate  sensitivity  depends  on  the 
quantity  of  sample  passed  through  the  flame,  a  calculation  based 
on  this  quantity  is  included  in  the  table.  The  sensitivities  are  on 
the  conservative  side,  since  they  were  based  on  the  use  of  equip¬ 
ment  by  means  of  which  approximately  0.300  gram  of  solution 
passed  through  the  burner  as  a  mist  in  2  minutes.  This  weight 
was  obtained  by  blowing  air  at  40  pounds  per  square  inch  through 
a  weighed  sample  of  water  and  determining  the  difference  in 
weight  at  the  end  of  20  minutes.  Duplicate  runs  for  water  and 
for  a  sample  simulating  ashed  blood  plasma  showed  good  agree¬ 
ment,  but  since  the  burner  itself  was  not  in  the  air  stream,  the 
amount  calculated  as  consumed  may  be  somewhat  high,  particu¬ 
larly  since  the  removal  of  the  larger  particles  of  mist  in  the  burner 
itself  was  not  considered  in  obtaining  the  difference  in  weights. 
Lundeg&rdh  (5)  has  described  an  atomizer  in  which  only  about 
0.075  gram  is  consumed  in  2  minutes;  with  his  equipment  (in¬ 
cluding  a  smaller  spectrograph)  the  amounts  detected  were  one 
fourth  those  given  in  the  table.  When  the  ranges  of  sensitivities 
calculated  from  the  actual  amounts  of  samples  passing  through 
the  flame  are  compared  with  the  ranges  of  sensitivities  reported 
for  the  high-voltage  alternating  current  arc  by  Owens  in  the  analy¬ 
sis  of  various  materials  {11),  and  by  Cholak  and  Story  {1)  for 
the  analysis  of  biological  material  by  the  direct  current  arc,  it 
becomes  obvious  that  the  sensitivities  are  higher  than  is  apparent 
from  consideration  of  the  milligram  per  liter  value.  If  suitable 
concentration  of  the  sample  can  be  accomplished,  the  analytical 
range  for  many  elements  is  only  slightly  inferior  to  that  obtained 
with  the  stronger  excitation  methods. 


PHOTOMETRY  AND  REPRODUCIBILITY 

Investigators  who  have  used  the  air-acetylene  flame  usually 
make  use  of  the  photometric  procedure  advocated  by  Lunde¬ 
g&rdh  (5),  which  is  based  on  the  concept  that  the  air-acetylene 
flame  is  so  stable  and  reproducible  that  internal  standard  lines 
need  not  be  used.  As  a  consequence  the  background,  which  is 
produced  mainly  by  the  flame,  serves  as  the  internal  standard, 
and  accordingly  the  ratios  obtained  by  dividing  the  galvanometer 
reading  for  the  line  by  that  for  the  neighboring  background  (L/H) 
varies  with  the  concentration,  in  the  flame,  of  the  element  pro¬ 
ducing  the  line.  An  alternative  method,  called  the  L-H  method, 
is  also  used  occasionally.  In  this  method  the  differences  in  the 
galvanometer  readings  between  the  lines  and  the  backgrounds 
are  used  in  place  of  the  ratios.  The  standardization  curves  re¬ 
sulting  from  these  data  are  illustrated  for  iron  in  Figure  4. 
Both  curves  show  appreciable  curvature  at  the  higher  levels  of 
concentration,  and  consequently  a  decrease  in  the  accuracy  of 
analysis  in  this  region  is  implied. 


Figure  4.  Typical  Analysis  Curves 
Obtained  with  L/H  or  L-H  Method 
of  Photometry 


In  order  to  correct  for  variations  in  the  sensitivity  of  indi¬ 
vidual  plates,  as  well  as  for  slight  variations  in  the  excitation 
conditions,  Lundeg&rdh  derives  a  master  curve  by  averaging  the 
results  for  the  standard  solutions  taken  on  numerous  plates. 
Samples  to  be  analyzed  are  next  placed  on  the  same  plate  with  a 
series  of  standard  solutions.  The  L/H  ratios  of  the  samples  are 
then  corrected  by  applying  a  factor  representing  the  mean  ratios 
between  the  L/H  values  of  the  standard  solutions  on  the  par¬ 
ticular  plate  and  the  corresponding  L/H  values  of  the  mastei 
curve. 

This  procedure  has  been  used  successfully,  but  it  appears  tc 
have  a  number  of  disadvantages.  A  more  convenient  calibratioc 
curve,  particularly  one  with  a  linear  response  over  the  entirt 
analytical  range,  would  increase  the  analytical  accuracy  at  highei 
concentrations  and  would  reduce  considerably  the  frequencj 
with  which  an  analysis  must  be  repeated  after  dilution  of  s 
sample  to  bring  it  into  the  most  favorable  portion  of  the  L/B 
curve  {5).  This  apparently  can  be  accomplished  merely  bj 
altering  the  manner  in  which  the  data  are  plotted.  If  the  L/E 
ratios  are  plotted  on  a  logarithmic  scale,  a  more  linear  calibra¬ 
tion  results,  as  can  be  seen  from  Figure  5.  In  the  particular  cast 
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Table  III.  Analytical  Lines,  Internal  Standards,  and  Analytical 

Ranges 


Element 

Wave  Length 

Internal 

Standard 

Analytical  Range, 
Mg./lO  Ml. 

Magnesium 

2852 

Co 

3405 

0 . 05-5 . 0 

Copper 

3247.5 

Co 

3405 

0 . 04-2 . 5 

Sodium 

3302/3 

Co 

3405 

0.30-25.0 

Iron 

3719.9 

Co 

3873 

0.05-5.0 

Manganese 

4030 

Co 

3873 

0.005-0.30 

Potassium 

4044/7 

Co 

3873 

0 . 06-4 . 0 

Calcium 

4227 

Co 

3873 

0.005-0.20 

Strontium 

4607 

Co 

3873 

0.004-0.30 

illustrated,  the  5-mg.  value  is  slightly  high,  causing  a  slight  de¬ 
viation  from  linearity  for  values  above  3  mg.,  for  the  reason 
given  below. 

The  method  of  correcting  for  variations  in  individual  plate 
sensitivity  in  the  L/H  method  is  inconvenient,  time-consuming, 
and  uneconomical.  Moreover,  it  does  not  correct  truly  for 
variations  in  excitation  conditions  arising  from  differences  in  the 
quantity  of  mist  produced  in  atomizing  samples  of  varying  com¬ 
position  and  viscosity.  Variation  in  the  quantity  of  mist  in  the 
flame  will  affect  the  intensity  of  the  test  line  to  a  much  greater 
extent  than  it  affects  the  background,  since  the  latter  is  due 
mainly  to  the  flame.  Neither  method  (L/H  or  L-H)  corrects 
properly  for  the  effect  of  deep  background  which  arises  from  the 
sample  itself.  This  is  most  clearly  demonstrated  in  the  L-H 
curve  of  Figure  4,  where  the  background  subtractions  are  too 
high,  since  the  L-H  value  for  5  mg.  of  iron  is  lower  than  that  ob¬ 
tained  with  2.5  mg.  of  iron.  When  using  the  L/H  method  under 
the  same  conditions,  the  L/H  values  will  be  high  and  they  will 
tend  to  flatten  the  curves  at  the  higher  concentrations,  as  in 
Figure  4,  or  cause  them  to  deviate  from  the  linear  relationship,  as 
indicated  in  Figure  5. 

Reproducible  results  therefore  can  be  obtained  with  the  L/H 
or  L-H  method  only  by  the  strict  standardization  of  all  the  pos¬ 
sible  variants.  In  spite  of  the  fact  that  in  the  flame  as  compared 
to  the  arc  there  is  little  interionic  action  to  affect  line  intensities, 
the  presence  of  moderate  quantities  of  certain  cations  (magne¬ 
sium,  sodium,  potassium,  iron,  and  aluminum,  among  others) 
will  produce  marked  changes  in  the  background.  As  a  result  it 
is  not  possible  with  the  L/H  or  L-H  method  to  derive  a  single  ana¬ 
lytical  curve  which  can  be  used  with  equal  accuracy  for  the  analy¬ 
sis  of  materials  showing  large  differences  in  matrix  composition. 

All  the  above-mentioned  disadvantages,  however,  disappear 
if  internal  standard  lines  are  used  in  place  of  background  and  if 
the  plate  calibration  and  background  correction  of  modern  pho¬ 
tometry  are  employed. 


for  each  region.  The  slopes  of  the  group  of  H  and  D  curves  for 
the  3600  to  4600  A.  region,  however,  are  somewhat  greater  than 
those  for  the  shorter  wave-length  region  and  therefore  a  separate 
calibration  must  be  obtained  for  each  region. 

Concentration  calibrations  were  obtained  for  eight  elements 
by  diluting  serially  a  stock  solution  containing  all  the  elements 
of  interest  in  addition  to  10%  hydrochloric  acid  and  5  mg.  of 
cobalt  per  10  ml.  of  solution.  The  diluent  consisted  of  a  10% 
hydrochloric  acid  solution  of  cobalt  chloride,  5  mg.  of  cobalt  per 
10  ml.  The  cobalt  line  at  3405  A.  was  used  as  the  standard  for 
all  lines  between  2850  and  3600  A.,  while  the  cobalt  line  at  3873  A. 
was  employed  for  analysis  in  the  region  between  3600  and 
4607  A.  Two-minute  exposures,  air  pressures  of  40  =*=  0.5 
pounds  per  square  inch,  and  acetylene  pressures  of  25  cm.  were 
employed.  These  conditions  were  chosen  for  the  reasons  given 
under  “Sensitivities”  and  also  because  at  the  adopted  conditions 
the  intensity  ratios  showed  practically  no  variation  due  to  small 
changes  in  the  excitation  conditions. 

The  elements  for  which  analytical  curves  have  been  derived, 
the  internal  standard  lines  used,  and  the  analytical  ranges  cov¬ 
ered  (expressed  as  milligrams  per  10  ml.  of  solution)  are  given  in 
Table  III.  The  lower  concentration  values  in  many  cases  can 
be  reached  only  by  doubling  or  tripling  the  exposure  period. 
Tests  on  standard  solutions  have  shown  that  the  intensity  ratios 
given  by  the  increased  exposures  fit  the  values  obtained  by  ex¬ 
trapolating  calibration  curves  derived  at  higher  concentrations 
and  with  2-minute  exposures.  The  characteristic  analytical 
curve  obtained  when  log  intensity  ratio  is  plotted  against  log 
concentration  is  illustrated  in  Figure  6,  the  data  being  taken 
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The  method  used  by  the  authors  is  the  conventional  one,  in 
which  the  intensity  ratio  ( I  line//  standard)  is  obtained  from  the 
plate  intensity  calibration 
pattern  made  for  each  batch  of 
lates,  the  intensity  of  each  line 
eing  corrected  for  the  back¬ 
ground  in  which  it  lies  by  the 
method  of  Pierce  and  Nachtrieb 
(12,  13).  Plate  intensity  cali¬ 
bration  marks  are  obtained  with 
a  rotating  step  sector  (6  steps, 
factor  of  2)  and  a  low  amperage 
arc  (2.5  amperes)  across  7-mm. 
diameter  brass  rods.  Eastman 
No.  33  plates  are  used  for  the 
analysis  of  all  lines  from  2852  to 
4607  A.  and  because  of  the  varia- 
i  tion  of  gamma  with  wave  length 
separate  plate  calibrations  are 
|  obtained  for  the  2850  to  3600  A. 
and  for  the  3600  to  4607  A.  re¬ 
gions.  The  slopes  of  the  H  and 
i  D  curves  taken  at  a  number  of 
;  wave  lengths  in  each  region  show 
such  slight  differences  that  no  ap- 
!  preciable  error  is  introduced  by 
the  use  of  a  single  standard  line 


Standard 

Values  from 

Mean 

Deviation 

Cali¬ 

Spread  Calculated 

Ratio 

%  or  Coefficient 

bration 

as  Due  to  Standard 

Obtained 

Std.  Dev.  of  Variability 

Curve 

Deviation  % 

Mg. 

Mg. 

Individual  Spectra 

0.61 

±0.053 

±8.7 

1.49 

1.35  -1.62 

1.46 

±0.067 

±4.6 

0.65 

0.62  -0.68 

2.30 

±0.068 

±2.95 

7.60 

7.4  -7.8 

1.07 

±0.033 

±3.1 

1.50 

1.46  -1.55 

1.21 

±0.041 

±3.4 

0.089 

0.086-0.092 

1.04 

±0.033 

±3.2 

1.25 

1.21  -1.29 

2.08 

±0.11 

±5.3 

0.112 

0.106-0.118 

1.35 

±0.042 

±3.1 

0.09 

0.088-0.092 

Duplicate  Spectra 

0.61 

±0.046 

±7.6 

1.49 

1.38  -1.60 

1.45 

±0.057 

±3.9 

0.64 

0.61  -0.66 

2.30 

±0.041 

±1.8 

7.60 

7.45  -7.75 

1.07 

±0.025 

±2.3 

1.50 

1.47  -1.53 

1.21 

±0.025 

±2.1 

0.089 

0.087-0.090 

1.03 

±0.016 

±1.55 

1.25 

1.23  -1.27 

2.08 

±0.075 

±3.6 

0.112 

0.108-0.116 

1.34 

±0.024 

±1.8 

0.09 

0.088-0.091 

Figure  5.  Analytical  Curve  Obtained  When  L/H  Ratios 
Are  Plotted  Logarithmically 


Table  IV.  Reproducibility  of  Results  Obtained  in  Repeated  Analyses  of  Same  Sample 


Expected 
Ratio  from 

Amounts 

Standard 

Element 

Added 

Curve 

Mg. 

Magnesium 

1.50 

0.62 

Copper 

0.60 

1.40 

Sodium 

7.50 

2.25 

Iron 

1.50 

1.07 

Manganese 

0.09 

1.23 

Potassium 

1.2 

0.98 

Calcium 

0.12 

2.20 

Strontium 

0.09 

1.35 

Magnesium 

1.50 

0.62 

Copper 

0.60 

1.40 

Sodium 

7.50 

2.25 

Iron 

1.50 

1.07 

Manganese 

0.09 

1.23 

Potassium 

1.2 

0.98 

Calcium 

0.12 

2.20 

Strontium 

0.09 

1.35 
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Table  V.  Effect  of  Size  of  Sample  on  Analytical  Reproducibility 


Ml.  of  Original 

Mg.  of  Element  per  Liter  of  Tap  Water 

Sample  in  Atomizer 

Ca  Mg 

Na 

J*  e 

Sr 

1 

31.0 

5 

29.0 

100 

5.0 

U6 

o  '.  i3 

200 

5.25 

9^5 

1.5 

0.135 

500 

4.9 

10.0 

1.6 

0. 11 

0.126 

Table  VI.  Effect  of  Method  of  Sample  Preparation  on  Cation 


Recovery 

Grams  per  Liter  of  Urine 

Ca 

Technique 

Mg 

Na 

K 

Dry  ashing 

0.10 

3.55 

2.0 

0.029 

Sulfuric  acid-nitric  acid  digestion 
Nitric  acid-hydrogen  peroxide 

0.115 

4.00 

2.20 

0.037 

digestion 

0.110 

3.90 

2.20 

0.037 

Untreated 

0.10 

3.90 

2.10 

0 . 035 

from  the  same  plate  used  for  Figures  4  and  5.  The  slopes  of  all 
the  concentration  calibration  lines  except  that  for  magnesium 
show  only  slight  variation  from  that  of  the  iron  analytical  line, 
the  differences  being  due  to  the  reversibility  shown  by  some  of  the 
lines  {12).  The  greater  steepness  of  the  magnesium-analytical 
line  cannot  be  attributed  solely  to  the  factor  of  reversibility,  but 
regardless  of  the  real  reason  for  this  phenomenon  it  is  evident 
that  the  magnesium  plot  in  Figure  6  is  superior  for  analytical  pur¬ 
poses  to  the  very  shallow  L/H  curve  of  Figure  4. 

Also  shown  in  Figure  6  is  an  analytical  curve  for  iron  based  on 
intensity  values  alone,  corrected  for  the  background  intensity 
as  employed  in  the  intensity  ratio  method.  The  straight  line 
obtained  indicates  that  this  method  more  nearly  corrects  for 
background  than  does  the  analogous  L-H  method.  Obviously, 
such  a  calibration  can  be  used  for  analytical  purposes,  but  its  use 
has  the  disadvantage  of  requiring  the  same  method  of  correcting 
for  variations  in  individual  plate  sensitivity  that  is  used  in  the 
L/H  or  L-H  method. 

In  Table  IV  are  listed  data  which  illustrate  the  reproducibility 
possible  with  the  use  of  the  log  intensity  ratio-log  concentration 
method  of  plotting  the  photometric  values.  These  data  were 
calculated  from  twenty  spectra  of  the  same  solution  taken  on  a 
single  plate.  The  stock  solution  used  in  preparing  the  known 
concentrations  was  similar  to  that  used  in  deriving  the  standard 
analytical  curves,  but  was  freshly  made  up  to  replace  the  de¬ 
pleted  original  stock  solution.  In  some  instances  this  accounts 
for  the  small  differences  between  the  mean  values  of  the  twenty 
spectra  and  the  expected  ratio  obtained  from  the  standard  curve. 
The  statistical  analysis  was  made  on  the  ratio  values  obtained,  but 
corresponding  concentration  values  are  also  given  for  these  data. 
By  way  of  comparison,  it  is  interesting  to  note  Mitchell’s  study 
of  15  spectra  of  a  0.000125  M  manganese  chloride  solution  (9),  in 
which  he  obtained  a  standard  deviation  of  ±6.41%  in  the  L/H 
ratios  of  the  single  spectra  and  ±4.5%  when  duplicates  were 
used.  Lundeg&rdh  (5)  reports  that  in  general  the  error  of  deter¬ 
mination  never  exceeds  5  to  7  %,  and  in  dealing  with  the  elements 
calcium  and  manganese,  the  errors  are  not  more  than  1  to  2%. 

The  errors  of  analysis  indicated  in  Table  IV  may  have  been  in¬ 
creased  by  the  use  of  a  single  calibration  pattern  for  plates  from 
the  same  production  batch.  In  all  probability  the  portion  of  the 
error  due  to  the  photometric  procedure  can  be  reduced  by  placing 
an  intensity  calibration  pattern  on  each  plate. 

Table  V  is  included  in  order  to  demonstrate  further  the  repro¬ 
ducibility  of  certain  analyses  as  obtained  by  the  use  of  different 
aliquots  of  the  same  prepared  sample  of  tap  water.  Excellent 
agreement  in  the  results  for  the  elements  listed  is  shown.  Indeed, 
the  reproducibilities  of  results  for  the  ranges  of  concentration 
listed  in  Tables  IV  and  V  compare  favorably  with  those  ob¬ 
tained  by  the  most  sensitive  chemical  methods,  and  in  some  cases 
they  are  far  superior. 


APPLICATIONS 

Since  the  flame  gives  rise  to  the  low-temperature  lines  typical 
of  atoms  or  molecules  in  the  lowest  states  of  excitation,  the 
spectra  produced  are  very  simple,  being  characterized  by  a  mini¬ 
mum  of  masking  of  important  analytical  lines.  This  is  particu¬ 
larly  favorable  in  connection  with  the  choice  of  a  spectrograph, 
since  it  permits  the  use  of  a  smaller,  less  expensive  instrument 
possessing  a  dispersion  sufficient  merely  to  separate  the  man¬ 
ganese  4031  A.  lines  from  the  potassium  doublet  at  4044/7  A. 
In  addition  to  the  saving  effected  in  the  purchase  of  suitable 
equipment,  further  economies  occur  in  the  operation  of  the 
method  itself  due  to  the  low  cost  of  acetylene  and  the  elimination 
of  electrodes  which  are  very  expensive  when  spectroscopically 
pure. 

The  air-acetylene  flame  is  characterized  by  the  ease  and  ac¬ 
curacy  with  which  it  is  possible  to  reproduce  the  conditions  of 
excitation  and  by  the  comparative  freedom  from  reactions  be¬ 
tween  the  various  ions  carried  by  the  spray  into  the  flame  (5). 
The  latter  point  is  of  distinct  advantage  in  accurate  spectro- 
chemical  analysis,  since  in  most  applications  it  eliminates  the 
need  for  the  use  of  buffer  salts  to  ensure  conformity  in  composi¬ 
tion  of  samples  and  the  standards  used  to  derive  the  analytical 
curves.  Therefore  a  single  curve  derived  from  water  solutions  of 
salts  of  the  elements  of  interest  can  be  applied  to  the  analysis  of 
many  materials  which  vary  widely  in  inorganic  salt  composition. 
This  is  true,  however,  only  if  the  method  of  photometry  accu¬ 
rately  corrects  for  the  background  intensity.  Such  accurate  cor¬ 
rections  of  background  are  obtained  by  the  method  of  photom¬ 
etry  employing  internal  standard  lines  and  intensity  calibration 
standards,  when  used  in  the  manner  described  above. 

The  absence  of  reactions  between  the  cations  and  anions  of  a 
sample  in  the  flame  simplifies  the  chemical  procedures  needed  to 
prepare  samples  for  analysis.  Inorganic  material  and  biological 
ash  may  be  placed  in  solution  by  the  use  of  dilute  solutions  of 
hydrochloric,  nitric,  or  sulfuric  acid,  or  by  water  alone  (5). 
However,  in  order  to  protect  the  platinum  components  of  the 
equipment,  mixtures  of  hydrochloric  and  nitric  acids  must  be 
avoided.  In  the  case  of  fluid  biological  material,  it  is  frequently 
possible  to  analyze  the  material  without  any  preparatory  chemi¬ 
cal  treatment.  This  is  particularly  true  of  samples  of  urine  in 
which  only  1  ml.  of  fresh  urine,  provided  with  the  internal  stand- 
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Applicability,  Methods  of  Preparation,  and  Dilutions  Required  for  Flame  Analysis 


organic  matter  to  be  destroyed 
(Table  VI),  and  therefore  analy- 


Volume 

Amount  of 

and  Dilu- 

Ex- 

Material 

Sample 

Preparation 

tions 

posure 

Cation  Determined 

Ml. 

Min. 

Tap  water 

500  ml. 

Evaporate  to  dryness,  dissolve 

10 

2 

Mg,  Na,  K,  Sr,  Fe,  Cu,  Mn 

in  HC1  and  H2O 

X  100 

2 

Ca 

norganic  salts 

0. 1-1.0  g. 

H2O  or  H2O  4-  acid  solution, 

10 

2 

34  elements  in  proper  concen 

evaporate  to  volume 

tration 

Vhole  blood 

2  ml. 

H2SO4-HNO3-HCIO4  digestion 

10 

4 

Mg,  Na,  Fe 

X  1 

2 

Na,  Fe,  K,  Ca 

31ood  serum  or 

2  ml. 

H2SU4-HJNO3-HCIO4  digestion 

10 

4 

Mg,  K,  Na 

plasma 

X  1 

2 

Ca,  K 

Tissue  samples 

5  g. 

H2S04-HiN(J3-llC104  digestion 

10 

2 

Mg,  Fe,  Cu,  Ca,  Na 

X  1 

2 

K 

fruit  and  vege- 

50  g.  or  ml. 

H2SO4-HNO3-HCIO4  or  HNO,- 

10 

2 

Mg,  Cu,  Fe,  Mn,  Sr,  Na 

table  juices 

H2O2  digestion 

X  50 

2 

Na,  K,  Ca 

ndividual  food 

20-50  g. 

H2SO4-HNO3-HCIO4  or  HNO3- 

10 

2 

Mg,  Cu,  Mn,  Fe,  Na,  K,  Ca 

H2O2  digestion 

X  20 

2 

Ca,  Na,  K,  Mg 

Soils  (exchange- 

5  g. 

Leach  with  H2O  or  N  NFLAc, 

25  cc. 

2 

Mg,  Mn,  Sr,  K,  Na,  Fe,  etc. 

able  base) 

evaporate  to  dryness,  H2O2 

X  50 

2 

Ca 

to  destroy  organic  matter 

Uloys 

0. 1-1.0  g. 

H2O  +  acid,  evaporate  to 

10 

2 

Any  of  34  in  proper  concen 

volume 

tration 

X  ? 

2 

More  abundant  element 

Final 


Table  VIII.  Typical  Analyses  with  the  Air-Acetylene  Flame 


Material 

Mg 

Cu  Na  Fe 

Grams  -per  1000  grams  or  ml 

Mn 

K 

Ca 

Sr 

Tapwater 

0.0049 

_  0.010 

0.00011 

0.0016 

0.030 

0.00013 

Jrine  (human) 

0.1000 

_  3.90 

2.200 

0.035 

Irange  juice  (canned) 

0.052 

-  0.017 

0.0024 

0.00028 

2.450 

0.090 

0.00022 

Grrape-fruit  juice  (canned) 

0.054 

-  0.0042 

0.0010 

0.00044 

1.300 

0.053 

0.00050 

Tomato  juice  (canned) 

0.086 

0.0004  3.075 

0.0022 

0.00094 

3.050 

0.00056 

String  beans  (canned) 

0.155 

-  1.600  0.0120 

Grams  per  100  grams 

0.00155 

1.400 

0.210 

<0.0001 

Vhole  blood,  rabbit  1 

0.002 

-  0.150 

0.030 

0.150 

0.0090 

yhole  blood,  rabbit  2 

0.006 

-  0.165 

0.045 

0.200 

0.0073 

Vhole  blood,  rabbit  3 

0 . 0043 

-  0.175 

0.0475 

0.200 

0.0068 

Hood  plasma,  rabbit  1 

0.0018 

-  0.400 

0.016 

0.019 

aver  (rabbit) 

0.0134 

_  0.140 

0.0185 

0.00018 

0.260 

0.016 

aver  (human) 

0.0166 

_  0.120 

0.0096 

0.0002 

0.250 

0.0073 

3rain  (human) 

0.0180 

_  0.120 

0 . 0052 

0.380 

0.0073 

Sidney  (rabbit) 

0.0134 

-  0.150 

0.0088 

0.00011 

0.340 

0 . 0050 

ses  can  be  made  on  biological 
material  in  which  the  ashing 
process  has  been  continued  only 
until  the  sample  can  be  placed  in 
solution  or  dispersed  finely  and 
uniformly  in  the  desired  volume. 

Since  the  means  of  preparing 
samples  may  vary  widely,  specific 
details  are  not  given  and  the 
analyst  must  choose  modifica¬ 
tions  which  best  suit  his  purpose, 
on  the  basis  of  his  own  experience. 
However,  •  the  general  methods 
found  satisfactory  for  various 
materials  are  indicated  in  Table 
VII,  which  also  illustrates  the  size 
of  sample  employed,  the  dilution 
required  for  the  determination 
of  the  elements,  and  the  wide 
applicability  of  the  flame 
method.  In  general,  when  acids 
are  used,  an  attempt  is  made  to 
keep  their  concentration  at  about 
10%  of  the  total  volume  of 
sample,  but  this  may  vary  some¬ 
what  without  affecting  the 
results.  The  authors  have  ap¬ 
plied  the  method  mainly  to  the 
analysis  of  biological  material. 


ird  and  diluted  to  10  ml.,  suffices  for  the  analysis  of  the  alkalies. 
Hie  accuracy  of  analysis  in  this  case  is  illustrated  in  Table  VI, 
vhere  the  results  obtained  by  the  use  of  the  untreated  sample  are 
compared  with  the  results  obtained  by  the  analysis  following 
ishing  of  the  organic  materials  by  three  distinctly  different  pro¬ 
cedures.  Direct  analysis  has  also  been  applied  to  milk  samples 
5),  and  it  is  probable  that  it  can  be  adapted  to  laked  blood, 
flood  serum,  and  blood  plasma. 

When  the  organic  matrix  of  biological  material  must  be  de¬ 
frayed,  dry-ashing  is  satisfactory  except  in  the  case  of  sodium, 
lotassium,  and  calcium  where,  as  can  be  seen  from  Table  VI, 
■he  results  are  lower  than  those  obtained  following  ashing  by 
>ther  procedures.  Although  the  wet-ashing  technique  is  decid¬ 
edly  superior,  a  number  of  difficulties  occur  which  force  the  ana¬ 
lyst  to  vary  the  technique  to  fit  the  different  conditions  encoun- 
ered.  In  the  case  of  biological  material  other  than  bone,  or- 
;anic  matter  can  be  destroyed  by  sulfuric  and  nitric  acids,  sup- 
demented  by  the  use  of  perchloric  acid.  In  these  cases  all  the 
alts  will  remain  in  solution  when  the  digest  is  diluted  to  the  de¬ 
fied  volume  or  can  be  made  to  go  into  solution  by  addition  of 
i  little  hydrochloric  acid  and  application  of  heat.  When  mate- 
ial  contains  much  calcium,  organic  matter  is  destroyed  by  the 
ise  of  nitric  acid  and  Superoxyl.  This  is  a  more  tedious  proce- 
lure  than  the  technique  employing  sulfuric  acid,  but  it  has  the 
.dvantage  of  producing  residues  which  in  most  cases  are  readily 
oluble  in  water  or  in  dilute  acids.  For  the  detection  of  minor 
lements,  it  may  also  be  necessary  further  to  concentrate  the 
>repared  samples  by  evaporation,  but  this  is  limited  to  the  point 
it  which  crystallization  of  salts  occurs.  The  removal  of  these 
alts  or  other  insoluble  matter  (silica)  by  filtration  is  not  a  safe 
>rocedure,  since  many  elements  may  be  lost  through  occlusion  or 
.dsorption.  Precipitates  are  not  particularly  inimical  to  accu- 
ate  analysis  except  when  they  are  so  heavy  that  they  tend  to  clog 
he  orifices  of  the  equipment  ( 6 ) ,  or  when  they  cannot  be  dispersed 
miformly  in  the  mist.  Apparently  it  is  not  necessary  for  all  the 


'  Data  on  its  applicability  to 
other  materials  may  be  obtained 
from  papers  by  Mitchell  and  Robertson  (10)  and  Ells  and  Mar¬ 
shall  (8),  who  applied  the  technique  to  the  determination  of  ex¬ 
changeable  base  in  soil  samples.  The  purpose  of  the  ammonium 
acetate  leach  indicated  in  Table  VII  is  to  prevent  the  removal  of 
large  amounts  of  aluminum  (8),  high  concentrations  of  which  are 
said  to  interfere  in  the  determination  of  calcium  and  strontium 
(10).  The  interference  is  said  to  be  due  to  the  depression  of  the 
intensities  of  the  strontium  and  calcium  lines  and  this  inter¬ 
ionic  action  appears  to  be  the  only  one  noted  in  the  literature. 
Ells  (2)  states  that  the  interference  occurs  when  aluminum  is 
present  in  a  concentration  exceeding  1  mg.  per  liter.  Examples 
of  the  application  of  the  method  to  the  analysis  of  inorganic  salts 
and  alloys  may  be  obtained  from  the  paper  by  McClelland  and 
Whalley  (8).  These  investigators  routinely  determined  calcium 
and  sodium  in  magnesium  and  aluminum  powders  and  alloys,  as 
well  as  copper,  manganese,  and  magnesium  in  aluminum.  They 
also  used  the  method  to  determine  calcium,  potassium,  and  so¬ 
dium  in  blast-furnace  and  lime-kiln  dusts,  as  well  as  in  various 
inorganic  salts. 

For  the  purpose  of  easy  computation  of  results,  analyses  are 
always  made  on  a  5-  or  10-ml.  aliquot  of  each  sample.  This 
volume  should  include  the  proper  amount  of  cobalt  (5  mg.  per 
10  ml.)  which  furnishes  the  internal  standard  lines.  Exposure 
periods  may  vary  from  2  to  10  minutes.  In  the  internal  standard 
line  method  of  photometry,  as  used  in  this  work,  the  intensity 
ratios  do  not  show  significant  variations  with  the  duration  of  the 
exposure,  and  therefore  the  concentration  values  may  be  read 
directly  from  the  calibration  curve.  By  increasing  the  period  of 
exposure  it  is  also  possible  to  detect  minor  elements  present  in 
amounts  below  the  lower  limit  of  the  calibration  curve  merely  by 
extrapolating  the  line  to  lower  limits. 

Concentrated  samples  are  flamed  first  in  order  to  detect  the 
minor  elements,  and  then  diluted  with  a  water  solution  of  cobalt 
chloride  (5  mg.  of  cobalt  per  10  ml.)  as  indicated  in  Table  VII 
for  the  determination  of  the  more  abundant  elements.  Between 
samples,  the  atomizer  and  burner  are  cleaned  by  spraying  dis¬ 
tilled  water  through  the  system  for  1  to  2  minutes.  Two  and 
4-minute  exposures  are  employed,  without  the  preliminary  sta¬ 
bilizing  period  which  is  customary  with  the  L/H  method  of 
photometry.  Air  pressures  of  40  pounds  per  square  inch  and 
acetylene  pressures  of  25  cm.  are  not  the  most  suitable  conditions 
for  the  detection  of  minute  traces  of  calcium  and  strontium,  but 
high  sensitivity  is  not  required  for  the  former,  which  is  normally 
present  in  abundance,  while  the  latter  can  be  detected  in  very 
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small  amounts  by  proper  concentration  of  the  sample  (Table 
VII).  The  sodium  doublet  at  3302/3  A.  is  not  so  sensitive  as  the 
5890/5.9  A.  doublet,  but  it  is  satisfactory  for  the  analysis  of  most 
biological  materials  and  is  not  affected  appreciably  by  small  con¬ 
taminations.  The  yellow  sodium  doublet  at  5890/5.9  A.  is  so 
sensitive  that  its  use  requires  special  precautions  in  order  to  pre¬ 
vent  contamination  by  sodium  from  glassware. 

In  Table  VIII  are  listed  typical  results  obtained  with  various 
materials.  In  a  number  of  instances  minor  elements  known  to  be 
present  have  not  been  detected.  This  can  be  remedied  by  the 
use  of  larger  samples  or  by  employing  longer  periods  of  exposure 
than  were  used  in  the  examples  cited.  Owing  to  the  scarcity  of 
suitable  analytical  lines  in  the  region  from  4607  to  6700  A.,  in¬ 
ternal  standard  methods  in  this  region  have  not  yet  been  de¬ 
veloped.  Of  the  prominent  lines  in  this  region,  the  barium  line 
at  5535.5  A.  was  not 'considered  because  it  is  too  diffuse,  while 
the  strong  gadolinium  line  at  5696  A.  ( 5)  could  not  be  tested  be¬ 
cause  of  lack  of  a  suitable  salt  of  this  rare  element.  Analysis  in 
this  region  (lithium  particularly)  at  present  is  carried  out  by  em¬ 
ploying  the  L/H  method  in  which  the  L/H  values  are  read  from 
a  curve  plotted  from  the  ratios  obtained  for  standard  solutions 
taken  on  the  same  plate  as  the  samples. 
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Determination  of  Ethyl  Acetate  in  the  Presence  of 

Acetaldehyde 

C.  L.  LlNDEKEN,  J.  O.  CLAYTON,  AND  D.  A.  SKOOG,  California  Research  Corporation,  Richmond,  Calif. 


In  the  determination  of  ethyl  acetate  in  the  presence  of  a  large 
amount  of  acetaldehyde  erratic  results  are  due  to  the  tendency  of 
acetaldehyde  to  consume  alkali  in  a  varying  and  irregular  manner. 
The  method  described  here  involves  the  quantitative  oxidation  of 
acetaldehyde  to  acetic  acid  carried  out  simultaneously  with  the 
saponification  of  the  ester.  A  separate  bisulfite  determination  of 
the  acetaldehyde  is  made  to  correct  the  saponification  value  for  the 
acetic  acid  produced  from  the  aldehyde. 


IN  THE  course  of  a  research  investigation,  it  was  necessary  to 
determine  the  amounts  of  ethyl  acetate  and  acetaldehyde 
present  in  a  mixture  containing  a  high  concentration  of  acetalde¬ 
hyde.  Since  the  material  frequently  contained  polymerized 
aldehyde  in  addition  to  acetaldehyde  and  ethyl  acetate,  it  was 
impossible  to  determine  one  component  in  the  sample  and  esti¬ 
mate  the  other  by  difference. 

Methods  for  estimating  esters  and  aldehydes  in  such  materials 
as  distilled  liquors  are  well  known  (I) .  The  esters  are  determined 
by  saponification,  while  the  aldehydes  are  determined  colori- 
metrically  with  sulfite  fuchsin  solution  or  volumetrically  with 
sodium  bisulfite  (2).  The  determination  of  acetaldehyde  in  the 
samples  under  consideration  presented  no  difficulty;  the  Kolthoff 
and  Furman  modification  (7)  of  the  Ripper  (5)  bisulfite  addition 
method  gave  accurate  results. 

While  the  determination  of  ethyl  acetate  in  the  presence  of 
acetaldehyde  by  saponification  is  satisfactory  in  cases  of  low 
concentrations  of  acetaldehyde  (S),  erratic  results  were  fre¬ 
quently  noted  in  the  present  study  where  the  concentrations  of 
the  two  components  were  much  greater  and  where  the  ratio  of 
aldehyde  to  ester  was  high. 

Since  the  source  of  the  error  was  traced  to  the  tendency  of 
acetaldehyde  to  consume  alkali  in  a  varying  and  irregular  manner 
the  successful  use  of  the  saponification  reaction  depended  upon 
quantitative  removal  of  the  acetaldehyde  from  the  solution,  or 
quantitative  conversion  of  the  aldehyde  to  a  form  consuming 
alkali  in  a  regular  and  reproducible  manner.  Because  removal 


of  the  acetaldehyde  by  precipitation  or  other  means  immediately 
available  was  considered  to  be  too  time-consuming,  this  methoi 
was  not  investigated.  The  quantitative  oxidation  of  formalde 
hyde  to  formic  acid  with  hydrogen  peroxide  in  the  presence  o 
alkali  has  been  described  (6).  Various  references  indicated  tha 
the  analogous  reaction  for  acetaldehyde  also  occurred  (4>  5,  8) 
This  suggested  the  possibility  of  oxidizing  the  acetaldehyde  ti 
acetic  acid  during  the  saponification  reaction,  thus  allowing  : 
simultaneous  determination  of  the  acetaldehyde  and  ethyl  ace 
tate.  In  the  following  procedure  the  sum  of  the  two  con 
stituents  is  determined,  followed  by  a  correction  for  the  acetalde 
hyde  present,  determined  from  a  sulfite  precipitation  value. 

PROCEDURE 

Determine  the  density  of  the  sample  by  means  of  a  pycnom 
eter,  observing  the  usual  precautions  necessary  when  measurin; 
the  density  of  volatile  liquids.  Pipet  5  ml.  of  the  mixture  into 
100-ml.  volumetric  flask,  make  up  to  the  mark  with  distille 
water,  and  mix  thoroughly. 

Acetaldehyde  Determination.  Pipet  5  ml.  of  the  dilute' 
sample  into  50  cc.  of  0.1  N  sodium  bisulfite  solution  containe 
in  a  250-ml.  glass-stoppered  iodine  flask.  (This  solution  shoul 
contain  5  to  10%  of  ethyl  alcohol  and  should  be  standardize 
daily.)  Shake  the  sample  intermittently  for  about  30  minute.1 
then  wash  the  neck  of  the  flask  with  distilled  water  and  add  a 
amount  of  standard  iodine  solution  exactly  equivalent  to  th 
sodium  bisulfite.  Titrate  the  excess  iodine  with  standard  sodiui 
thiosulfate  solution,  using  starch  indicator  near  the  end  poini 


Table  I.  Oxidation  of  Acetaldehyde  to  Acetic  Acid 


Sample 

Acetaldehyde 

Acetic  Acid 

Error 

No. 

Present 

Produced0 

Milliequivalents 

Milliequivalents 

% 

1 

0.43 

0.43 

0.0 

2 

0.86 

0.84 

2.3 

3 

1.29 

1.27 

1.6 

4 

1.72 

1.74 

1.2 
Av.  1.3 

Corrected 

for  free  acetic  acid 

in  acetaldehyde. 

December,  1944 
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no  deleterious  effect  is  produced  by  a  large  excess 
of  hydrogen  peroxide,  and,  since  Figure  1  shows 
that  more  than  a  stoichiometric  relationship  is 
necessary,  it  is  advisable  to  maintain  an  excess. 
This  excess  is  ensured  by  the  amount  recom¬ 
mended  in  the  procedure. 

After  determination  of  the  quantity  of  hydrogen 
peroxide  required  for  complete  oxidation  of  acetal¬ 
dehyde,  samples  containing  varying  amounts  of  al¬ 
dehyde  were  prepared  and  the  amount  of  acetic 
acid  produced  was  determined.  Table  I  shows 
the  quantitative  nature  of  the  oxidation. 

Experiments  were  also  carried  out  to  determine 
whether  there  would  be  any  oxidation  of  the  ethyl 
alcohol  produced  in  the  saponification.  No  ap¬ 
preciable  amount  of  acid  was  produced  when 
alkaline  solutions  of  ethyl  alcohol  were  treated 
with  varying  amounts  of  hydrogen  peroxide,  and  it 
was  concluded  that  this  component  would  cause  no 
errors  in  the  method. 


Table  II.  Determination  of  Ethyl  Acetate  and  Acetaldehyde 


RESULTS 


Acet- 


aldehyde  Acetate 

Sum  of 

Sum 

Error  in 

Acet- 

Ethyl 

in 

in 

Two 

Found 

Ethyl 

Ethyl  Ace- 

Sample 

aldehyde 

Acetate 

Mix- 

Mix- 

Com- 

by 

Acetate 

tate  Deter- 

No. 

Added 

Added 

ture 

ture 

ponents 

Analysis 

Found 

mination 

M xlliequivalents 

% 

% 

Milliequivalents 

% 

1 

0.52 

3.83 

12 

88 

4.36 

4.31 

3.79 

-1.04 

2 

1.03 

3.83 

21 

79 

4.86 

4.90 

3.87 

+  1.04 

3 

1.03 

3.08 

26 

75 

4.11 

4.13 

3.10 

+  0.65 

4 

1.03 

2.31 

31 

69 

3.34 

3.39 

2.36 

+2.16 

5 

1.03 

1.64 

40 

60 

2.67 

2.55 

1.52 

-1.30 

6 

2.06 

1.54 

67 

43 

3.60 

3.65 

1.49 

-3.24 

Av.  1 . 57 

The  number  of  milliequivalents  of  acetaldehyde  is  calculated  as 
follows: 

Milliequivalents  of  acetaldehyde  = 

ml.  of  Na^SjO,  X  N  Na2S,0, 

Ethyl  Acetate  Determination.  Pipet  5  ml.  of  the  diluted 
sample  into  an  iodine  flask  containing  approximately  100  ml. 
of  water,  25  ml.  of  0.5  N  sodium  hydroxide,  and  5  ml.  of  30% 
hydrogen  peroxide.  Secure  the  stopper  of  the  flask,  place  the 
flask  on  a  steam  hot  plate,  and  heat  15  minutes.  (Samples  reach 
a  temperature  of  approximately  80°  C.  and  a  maximum  pressure 
of  about  360  mm.  of  mercury.)  Remove  the  flask  and  allow  it 
to  stand  for  one  hour.  At  the  end  of  this  time  carefully  open  the 
flask,  and  wash  the  neck  with  distilled  water.  Titrate  the  excess 
alkali  with  0.5  N  hydrochloric  acid,  using  phenolphthalein  as 
indicator.  Run  a  blank  determination  concurrently  with  the 
jsamples. 

milliequivalents  of  alkali  consumed  — 
milliequivalents  of  acetaldehyde 
present  X  0.088  X  100 


%  ethyl  acetate  = 


0.25  X  density  of  sample 


DISCUSSION 

Oxidation  of  Acetaldehyde  to  Acetic  Acid.  In  order  to 


To  test  the  application  of  the  method  to  vari¬ 
ous  mixtures  of  ethyl  acetate  and  acetaldehyde, 
solutions  were  prepared  as  discussed  below  and 
analyzed  according  to  the  procedure  previously 
described.  The  accuracy  of  the  method  may  be 
judged  by  data  in  Table  II. 

Acetaldehyde  Solution.  A  standard  acet¬ 
aldehyde  solution  was  prepared  by  diluting  12 
to  15  ml.  of  chilled  redistilled  acetaldehyde  to 
250  ml.  with  chilled  carbonate-free  distilled 
water.  This  solution  was  standardized  against 
the  bisulfite  solution  by  the  method  described  above. 

Ethyl  Acetate  Solution.  A  standard  ethyl  acetate  solu¬ 
tion  was  prepared  by  diluting  18  to  20  ml.  of  redistilled  ethyl 
acetate  to  250  ml.  with  carbonate-free  distilled  water.  The 
amount  of  ester  in  terms  of  milliequivalents  per  ml.  was  deter¬ 
mined. 

SUMMARY 

The  reaction  of  acetaldehyde  with  alkali  during  the  saponifica¬ 
tion  of  ethyl  acetate  has  been  noted  in  mixtures  of  these  two  com¬ 
pounds.  A  method  eliminating  the  erratic  results  so  produced 
involves  oxidation  of  the  aldehyde  with  hydrogen  peroxide  in 
alkaline  solution.  Saponification  data  are  corrected  for  the 
effect  of  the  acetic  acid  produced  by  the  oxidation  reaction,  by 
a  separate  bisulfite  determination  of  the  acetaldehyde.  Average 
accuracy  within  2%  is  reported. 
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study  the  effect  of  varying  amounts  of  hydrogen  peroxide  on  the 
oxidation  of  acetaldehyde,  the  following  experiments  were  under- 
saken: 

One-milliliter  samples  of  a  standard  solution  of  acetaldehyde 
(0.81  milliequivalent  per  ml.)  were  added  to  flasks  containing 
approximately  100  ml.  of  water,  25  ml.  of  0.5  N  sodium  hy¬ 
droxide,  and  from  0  to  5  ml.  of  30%  hydrogen  peroxide.  After 
beating  as  described  in  the  procedure,  the  remaining  alkali  was 
titrated  with  0.5  N  hydrochloric  acid;  thus  the  amount  of  acetic 
acid  produced  was  found. 

Results  are  shown  in  Figure  1.  Even  when  no  hydrogen  per¬ 
oxide  is  present,  a  slight  amount  of  acid  is  produced.  This  means 
that  the  acetaldehyde  is  oxidized  by  air  under  the  conditions  of 
testing,  since  a  correction  was  made  for  the  small  amount  of 
jacetic  acid  initially  present  in  the  acetaldehyde.  Apparently 
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Determination  of  Starch  in  Sweet  Potato  Products 

and  Other  Plant  Materials 

EDWARD  T.  STEINER  AND  JOHN  D.  GUTHRIE,  Southern  Regional  Research  Laboratory,  New  Orleans,  La. 


A  polarimetric  method  has  been  developed  for  the  determination  of 
starch  in  sweet  potato  products  and  other  plant  materials.  By  use  of 
the  specific  and  quantitative  precipitation  of  starch  as  starch  iodide 
and  of  uranyl  acetate  as  a  protein  precipitant,  the  effect  of  substances 
which  interfere  with  most  methods  for  the  determination  of  starch 
has  been  largely  eliminated.  When  the  method  was  tested  on 
samples  containing  large  amounts  of  protein,  pectin,  inulin,  and 
other  interfering  substances,  the  starch  values  obtained  were  closer 
to  the  true  starch  content  than  were  found  by  either  the  malt-diastase 
or  Hopkins  method.  The  addition  of  a  number  of  different  sub¬ 
stances  commonly  found  in  biological  materials  did  not  significantly 
alter  the  starch  values  obtained  with  the  proposed  method.  The 
procedure  described  should  be  applicable  to  materials  containing 
10%  or  more  starch  on  the  moisture-free  basis.  The  specific  rota¬ 
tion  for  the  conversion  of  polarimetric  readings  to  starch  was  found  to 
be  200.9  for  the  proposed  method. 


MANY  of  the  methods  currently  available  for  the  determina¬ 
tion  of  starch  are  limited  in  application  because  they  fail 
to  give  true  starch  values  when  the  sample  contains  pectin,  non¬ 
starch  polysaccharides,  proteins,  and  other  interfering  sub¬ 
stances.  With  sweet  potato  material  it  is  especially  important 
to  eliminate  the  interference  of  pectin.  In  developing  the  pro¬ 
posed  method  two  principles  brought  out  by  the  work  of  Denny 
(4)  have  been  followed.  (1)  A  starch  method  to  be  generally 
applicable  must  give  correct  values  when  pectin,  nonstarch  poly¬ 
saccharides,  and  proteins  are  present  in  the  sample.  (2)  The 
method  should  give  zero  or  very  low  values  on  samples  containing 
little  or  no  starch  by  qualitative  tests,  but  containing  high 
amounts  of  substances  which  might  possibly  interfere.  Parts 
of  the  methods  of  Hopkins  (7),  Denny  (5),  Pucher  and  Vickery 
(9),  and  Sullivan  (10)  have  been  used  in  the  proposed  method. 
Only  the  procedure  finally  adopted  and  data  to  establish  its 
validity  are  given  here. 

The  proposed  method  consists  of  treatment  of  the  sample  at 
boiling  temperature  with  dilute  ammonium  carbonate  solution, 
precipitation  of  the  starch  with  iodine,  decomposition  of  the 
starch  iodide,  reprecipitation  with  iodine,  decomposition  of  the 
starch  iodide,  precipitation  of  the  starch  with  alcohol,  dis¬ 
persion  in  calcium  chloride,  precipitation  of  any  remaining  protein 
with  uranyl  acetate,  and  determination  of  the  optical  rotation. 
The  method  is  recommended  for  samples  containing  10%  or  more 
starch  on  the  moisture-free  basis. 

REAGENTS 

Celite,  an  analytical  filter  aid. 

Ammonium  Carbonate  Solution.  Dissolve  3.0  grams  of  re¬ 
agent  quality  ammonium  carbonate  in  water  and  dilute  to  1  liter. 

Sodium  Chloride  Solution.  Dissolve  200  grams  of  reagent 
quality  sodium  chloride  in  water  and  dilute  to  1  liter. 

Iodine-Potassium  Iodide  Solution.  Dissolve  30  grams  of 
iodine  and  50  grams  of  potassium  iodide  in  water  and  dilute  to 
250  ml. 

Sodium  Thiosulfate  Solution.  Dissolve  125  grams  of  sodium 
thiosulfate  pentahydrate  in  water  and  dilute  to  1  liter. 
Hydrochloric  Acid,  approximately  N. 

Ethyl  Alcohol,  95%  by  volume. 

Ethyl  Alcohol,  70%  by  volume. 

Calcium  Chloride  Solution,  2  parts  of  crystalline  calcium  chlo¬ 
ride  hexahydrate  plus  one  part  of  water.  Adjust  to  a  density  of 
1.30,  make  very  faintly  pink  to  phenolphthalein  with  0.1  N  so¬ 


dium  hydroxide  and  filter.  Because  of  the  effect  of  the  high 
concentration  of  calcium  chloride,  the  reagent  prepared  in  this 
manner  has  a  lower  pH  than  is  usually  indicated  by  the  phenol¬ 
phthalein  end  point. 

Octyl  Alcohol,  octanol-1. 

Acetic  Acid,  0.8%  solution. 

Uranyl  Acetate,  5%  aqueous  solution.  Prepare  every  3  or  4 
days  from  pulverized  reagent. 

ANALYTICAL  PROCEDURE 

Weigh  accurately  0.9  to  1.0  gram  of  the  finely  ground  sample, 
80-mesh  or  finer,  into  a  100-ml.  heavy  Pyrex  centrifuge  tube  (30 
by  170  mm.,  without  pourout)  and  add  2.0  grams  of  Celite.  Add 
50  ml.  of  ammomum  carbonate  solution  and  stir  with  a  strong 
glass  rod  until  the  material  is  completely  wetted.  Place  in  an 
oil  bath  maintained  at  117-120°  C.  and  boil  for  30  minutes, 
adding  a  drop  or  two  of  octyl  alcohol  to  prevent  excessive  foam¬ 
ing,  if  necessary.  Stir  the  suspension  frequently  dining  the  30 
minutes’  boiling.  If  excessive  foaming  persists  after  the  addition 
of  octyl  alcohol,  it  may  be  controlled  by  raising  the  tube  so  that  it 
does  not  extend  so  deeply  into  the  bath.  After  the  initial  foam¬ 
ing  has  subsided,  the  tube  should  be  lowered  so  that  vigorous 
boiling  is  resumed. 

Cool  to  room  temperature,  rinse  off  the  stirring  rod,  and  place 
it  aside  for  subsequent  use  with  the  same  sample.  Add  20  ml. 
of  sodium  chloride  solution  and  2.5  ml.  of  the  iodine-potassium 
iodide  solution.  Almost  fill  the  tube  with  water  and  stopper  with 
a  tightly  fitting  rubber  stopper.  Invert  and  shake  gently,  sc 
that  all  the  starch  reacts  with  the  iodine.  Precipitation  usually 
occurs  in  about  5  minutes.  Let  the  solution  stand  for  at  least 
5  minutes  after  precipitation  starts.  Remove  stopper  and  wash 
any  adhering  starch  iodide  into  the  tube  with  small  quantities 
of  water  from  a  wash  bottle.  Centrifuge  at  about  2000  r.p.m. 
for  10  minutes. 

Pour  off  and  discard  the  supernatant  liquid.  Add  20  ml.  of 
the  20%  sodium  chloride  solution  to  the  precipitate.  Suspend 
the  starch  iodide  with  the  glass  rod,  previously  set  aside,  and  add 
sodium  thiosulfate  solution  until  the  starch  iodide  is  decomposed 
A  long,  thin,  flexible  spatula  is  more  convenient  for  suspending 
the  starch  iodide  than  the  glass  rod.  The  glass  rod  should  be 
saved,'  however,  for  the  final  dispersion  of  the  starch.  Aboul 
3.5  ml.  of  the  thiosulfate  solution  will  be  required  on  relativelj 
pure  starches  and  excess  should  be  avoided. 

Add  10  ml.  of  N  hydrochloric  acid,  2.5  ml.  of  iodine-potassiuir 
iodide  solution,  and  enough  water  to  fill  the  tube.  Restoppei 
and  shake  gently.  After  the  starch  iodide  has  precipitated 
centrifuge  as  before  and  discard  the  supernatant  liquid.  Adc 
approximately  50  ml.  of  95%  ethyl  alcohol  and  thoroughly  sus 
pend  the  starch  iodide.  Add  sodium  thiosulfate  solution  unti 
the  blue  color  is  discharged,  avoiding  excess,  since  too  much  maj 
cause  cloudiness  in  the  final  dispersion.  Add  water  to  make 
approximately  70%  alcohol,  stopper,  and  shake  thoroughly 
Allow  to  stand  about  15  minutes  and  centrifuge  10  minutes 
Wash  the  precipitated  starch  once  with  50  ml.  of  70%  alcoho 
by  volume.  Add  a  total  of  60  ml.  of  concentrated  calcium  chlo 
ride  solution,  a  small  amount  at  a  time,  and  stir  with  the  rod 
previously  set  aside,  until  the  material  is  suspended  and  free  fron 
lumps  Add  3  ml.  of  0.8%  acetic  acid,  place  in  the  oil  bath,  anc 
boil  for  18  minutes.  A  shorter  period  of  boiling  may  lead  t< 
cloudiness  in  the  final  solution,  while  a  longer  period  may  give 
values  which  are  slightly  low.  Raise  the  tube  and  while  still  ho 
add  5  ml.  of  5%  uranyl  acetate  solution  and  stir  well. 

Transfer  the  contents  of  the  tube  with  water  to  a  100-ml 
volumetric  flask,  cool  to  room  temperature,  make  to  yolume 
add  1  ml.  of  water  to  correct  for  volume  occupied  by  Celite,  anc 
shake  thoroughly.  A  small  correction  for  the  volume  occupiec 
by  tissue  residue  could  also  be  made  here.  Transfer  to  a  dr] 
centrifuge  tube  and  centrifuge  for  10  minutes  at  2000  r.p.m 
Protect  the  solutions  against  evaporation  by  use  of  rubber  caps 
Occasionally  some  floating  material  is  present  in  the  supernatan 
liquid  and  can  be  removed  readily  by  filtering  through  Whatmai 
No.  4  paper  or  an  equivalent  fast  paper. 

Place  the  supernatant  or  filtrate  in  either  a  2-  or  a  4-dm 
polarimeter  tube,  depending  on  clarity,  and  read  in  a  polai 


736 


December,  1944 


ANALYTICAL  EDITION 


737 


imeter  at  about  25°  C.  using  the  sodium  D  line.  Take  10  read¬ 
ings,  approaching  the  match  point  alternately  from  each  side. 

Calculate  the  starch  content  by  the  following  equation: 

Percentage  of  starch  = 

_ observed  rotation  X  100  X  100 

tube  length  in  dm.  X  200.9  X  wt.  of  sample  in  grams 

DISCUSSION  OF  ANALYTICAL  PROCEDURE 

The  material  undergoing  analysis  is  boiled  first  with  am¬ 
monium  carbonate  solution  to  neutralize  the  natural  acidity  of 
plant  material.  It  may  be  necessary  to  increase  the  ammonium 
carbonate  concentration  for  excessively  acid  samples.  The  treat¬ 
ment  with  ammonium  carbonate  also  disperses  or  dissolves  the 
pectins,  sugars,  soluble  proteins,  etc.,  which  are  separated  from 
the  starch  iodide  by  centrifuging  and  decantation.  The  decom¬ 
position  of  the  starch  iodide  and  second  precipitation  with  iodine 
liberate  impurities  which  may  have  been  carried  down  with  the 
first  starch  iodide  precipitate.  After  the  last  addition  of  thio¬ 
sulfate,  70%  alcohol  is  used  to  remove  excess  sodium  thiosulfate 
and  materials  not  soluble  in  water  but  soluble  in  70%  alcohol. 
This  step  promotes  clarity  of  the  final  solution.  Calcium  chlo¬ 
ride  is  used  in  preference  to  other  solubilizing  agents  because 
of  its  ability  to  disperse  starch  readily  and  its  use  in  other  methods 
(5,  5-10).  Starch  dispersed  in  calcium  chloride  solution  does 
not  degrade  appreciably  even  on  long  standing.  Solutions  that 
had  stood  24  to  48  hours  showed  no  significant  changes  in  rota¬ 
tions.  Starch  solutions  which  had  been  stored  in  glass-stoppered 
containers  for  30  to  90  days  showed  an  increased  dextrorotatory 
power  due  to  evaporation.  The  acidity  during  solubilization  with 
calcium  chloride  is  somewhat  greater  than  that  recommended  by 
Hopkins  (7)  and  Mannich  and  Lenz  (8).  This  increased  acidity 
appears  to  have  no  adverse  effect  on  the  starch  and  promotes 
greater  clarity.  Uranyl  acetate  is  added  at  the  end  to  remove 
any  proteins  not  removed  by  previous  treatment.  Other  protein 
precipitants  were  tried  but  proved  unsatisfactory.  The  use 
of  uranyl  acetate  as  a  protein  precipitant  will  probably  prove  use¬ 
ful  in  the  Hopkins  method  and  in  other  polarimetric  methods  for 
starch. 

In  determining  the  starch  content  in  cornstarch,  wheat  starch, 
and  waxy  maize  starch,  the  final  solution  was  usually  too  cloudy 
:o  read  in  a  4-dm.  tube.  Shaking  the  solution  vigorously  with 
about  10  ml.  of  carbon  tetrachloride,  centrifuging,  and  decanting 
he  starch  dispersion  gave  clear  solutions.  Chloroform  may  be 
lsed  in  place  of  carbon  tetrachloride,  but  in  this  case  correction 
jnust  be  made  for  the  solubility  of  chloroform  in  the  starch  dis- 
jaersion. 

The  method  can  probably  be  shortened  when  used  with  ma- 
‘erials  known  to  be  relatively  free  of  pectin  and  protein  by  mak¬ 
ing  only  one  precipitation  with  iodine. 

JETERMINATION  OF  FACTOR  FOR  CONVERSION  OF  POLARIMETRIC 
READINGS  TO  STARCH 

Since  pure  starch  or  starch  of  known  purity  has  probably  never 
>een  prepared,  it  is  not  possible  to  determine  accurately  the 
pecific  rotation,  [a]  D,  of  starch  by  dissolving  a  weighed  sample 
.nd  reading  it  in  a  polarimeter.  It  is,  however,  possible  to 
stimate  the  specific  rotation  of  starch  by  determining  the 
mounts  of  the  major  impurities,  either  before  or  after  purifica- 
ion  of  the  starch  and  assuming  that  the  rest  of  the  sample  is 
tarch.  It  is  also  possible  to  estimate  the  factor  by  assuming 
ome  other  starch  method  to  be  correct  and  using  the  value  so 
btained  for  calculating  the  specific  rotation.  Mannich  and 
,enz  ( 8 )  and  Hopkins  (7)  recommended  the  use  of  +200  for  the 
pecific  rotation  of  wheat  starch.  However,  since  the  value 
aries  somewhat  with  the  method,  depending  on  the  degree  of 
.egradation  of  the  starch,  it  was  necessary  to  determine  the 
roper  factor  to  use  with  the  proposed  method. 

The  first  procedure  used  to  arrive  at  the  factor  for  the  method 
’as  to  determine  the  nonstarch  material  in  the  starch  samples 


Table  I.  Estimation  of  Factor  by  Correction  for  Major  Impurities 


Nonstarch  

Starch 

[“Id 

Mois- 

Pro- 

Extrac- 

(by  Differ- 

(Calcu- 

Kind  of  Starch 

ture 

Ash 

tein 

tives 

Total 

ence) 

lated) 

% 

% 

% 

% 

% 

% 

Sweet  potato  A 

12.52 

0.17 

0.08 

0.21 

12.98 

87.02 

199.5 

Sweet  potato  B 

12.01 

0.36 

0.05 

0.26 

12  68 

87.32 

198.9 

Corn 

12.44 

0  07 

0.21 

0.45 

13.17 

86  83 

198.5 

Wheat 

12.45 

0  11 

0.27 

0.41 

13.24 

86  76 

196.4 

Waxy  maize 

11.99 

0.10 

0.25 

0.19 

12.53 

87.47 

197.7 

Table  II.  Estimation  of  Factor  by  Use  of  Starch  Put  through  Proposed 

Method 


Starch  (by 

[“Id 

Kind  of  Starch 

Ash 

Moisture 

Difference) 

(Calculated) 

% 

% 

% 

Sweet  potato  B 

0.52 

13.63 

85.85 

200.1 

Corn 

2.94 

12.10 

84.96 

201.0 

Wheat 

1.53 

10.44 

88.03 

201.9 

Waxy  maize 

0.32 

11.48 

88.20 

200.6 

under  investigation.  Ash  was  determined  by  ignition  at  550°  C. 
for  3  hours.  Nitrogen  was  determined  by  the  Kjeldahl  pro¬ 
cedure,  followed  by  nesslerization  of  the  distillate.  Protein  was 
calculated  by  use  of  the  appropriate  factor.  Extractives  were 
obtained  by  a  16-hour  extraction  with  85%  methanol  followed  by 
a  5-hour  extraction  with  ethyl  ether.  Moisture  values  were 
calculated  from  the  loss  in  weight  of  samples  dried  approximately 
16  hours  at  96°  to  100°  C.  in  a  vacuum  oven  equipped  with  a 
drying  train.  The  results  are  shown  in  Table  I. 

The  value  for  the  specific  rotations  of  sweet  potato,  corn,  and 
waxy  maize  starches  put  through  the  proposed  method  is  ap¬ 
proximately  199  when  estimated  by  this  procedure.  Wheat 
starch  gave  a  lower  value,  which  may  be  due  to  the  presence  of 
some  impurities  which  were  not  accounted  for. 

The  second  procedure  for  arriving  at  the  factor  was  to  assume 
that  the  malt-diastase  method  gives  correct  values  on  reasonably 
pure  starches  when  the  0.93  factor  is  used  to  convert  glucose  to 
starch.  On  this  basis,  the  specific  rotations  found  with  the 
proposed  method  were  202.0,  200.6,  200.3,  198.4,  and  199.9,  re¬ 
spectively,  for  starches  in  the  order  listed  in  Table  I. 

The  third  procedure  for  obtaining  the  factor  for  the  method 
was  to  use  the  starch  obtained  from  the  final  calcium  chloride 
solution. 

Eight  2.0-gram  samples  of  each  starch  were  put  through  the 
method  and  the  combined  final  solution  was  dialyzed,  in  Visking 
sausage  casing,  against  running  distilled  water  for  2  days  to  re¬ 
move  the  calcium  chloride  and  other  salts.  After  concentration 
of  the  solution  by  pervaporation  the  starch  was  precipitated  with 
an  alcohol-ether  mixture  and  washed  three  times  with  ethyl 
alcohol  and  twice  with  ethyl  ether.  The  precipitated  starch  was 
dried  in  vacuo  over  sulfuric  acid.  After  air-equilibration,  mois¬ 
ture  and  ash  were  determined.  Specific  rotation  was  then  found 
by  dissolving  a  sample  in  calcium  chloride  solution,  using  just 
sufficient  heat  to  ensure  complete  dispersion.  The  materials 
dispersed  readily  and  the  preparation  from  waxy  maize  dispersed 
in  the  cold.  The  addition  of  dilute  acetic  acid  was  unnecessary. 
The  results  are  given  in  Table  II. 

The  calculated  values  for  the  specific  rotation  are  now  in 
closer  agreement  and  wheat  starch  shows  less  divergence  from 
the  other  starches.  The  average  specific  rotation  found  for  the 
starches  by  this  procedure  is  200.9.  Since  this  procedure  gives 
slightly  higher  and  more  consistent  values  than  the  first  pro¬ 
cedure,  the  value  200.9  has  been  selected  for  use  with  the  pro¬ 
posed  method.  The  average  value  of  200.2  found  by  assuming 
the  correctness  of  the  malt-diastase  method,  with  0.93  factor,  is 
supporting  evidence.  The  value  200.9  is  probably  a  close  ap¬ 
proximation  for  the  value  of  the  specific  rotation  of  the  starch  as 
it  exists  at  the  time  of  polarization  in  the  proposed  method. 

COMPARISON  WITH  MALT-DIASTASE  AND  HOPKINS  PROCEDURES 

The  proposed  method  was  compared  with  the  official  A.O.A.C. 
malt-diastase  method  for  starch  (1,  p.  359),  the  factor  0.93  (2) 
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Table  III.  Comparison  of  Methods  for  Determination  of  Starch 


Per  Cent  Starch  on  Moisture-Free 
Basis 

Hopkins,  Hopkins, 


Sample 

Malt- 

200 

204.8 

Proposed 

No. 

Kind  of  Material 

diastase 

factor 

factor 

method 

1 

Sweet  potato  starch  A 

98.2 

100.9 

98.5 

98.8 

2 

Sweet  potato  starch  B 

98.4 

100.5 

98.1 

98.0 

3 

Waxy  maize  starch 

98.3 

100.4 

98.0 

97.9 

4 

Cornstarch 

98.2 

100.1 

97.8 

97.8 

5 

Wheat  starch 

98.1 

99.1 

96.7 

96.9 

6 

Ground  corn 

70.5 

74.2 

72.5 

71.6 

7 

Bread 

67.4 

68.2 

66.6 

64.6 

8 

Sweet  potato  residual  pulp, 
water  process,  dried 

55.5 

56.4 

55.1 

54.8 

9 

Sweet  potato  by-product 
pulp,  lime-water  process, 
dried 

62.1 

50.4 

49.2 

61.4 

10 

Sweet  potatoes,  dehydrated, 
food  type 

60.5 

45.9 

44.8 

41.9 

11 

Sweet  potatoes,  dehydrated, 
food  type,  extracted 

70.8 

76.1 

74.3 

70.3 

12 

Sweet  potatoes,  dehydrated, 
stock-feed  type 

59.1 

61.8 

60.4 

59.3 

13 

Cottonseed  meal 

9.8 

-4.4 

-4.3 

-0.6 

14 

Orange  rind 

12.8 

22.6 

22.1 

-0.2 

15 

Jerusalem  artichokes 

27.4 

-18.0 

-17.6 

-0.3 

16 

Peanut  meal 

9.1 

3.5 

3.4 

6.7 

17 

Gladiolus  leaves 

1.3 

0.3 

0.3 

0.4 

being  used  instead  of  the  official  0.90  factor  to  convert  glucose 
to  starch,  and  with  the  tentative  Hopkins  method  (7),  the  final 
solution  being  clarified  by  centrifuging  with  Celite.  The  samples 
chosen  ranged  from  relatively  pure  starches  to  samples  containing 
little  or  no  starch,  but  large  amounts  of  other  substances  that 
might  possibly  interfere.  Since  stable,  homogeneous  samples 
were  required  for  the  comparison  of  methods,  dry,  finely  ground 
materials  were  used.  However,  analysis  of  fresh  plant  materials 
by  the  proposed  method  should  present  no  difficulties  other  than 
those  of  sampling,  sample  preservation,  and  preparation.  The 
conventional  preparation  of  fresh  sample  materials  by  dropping 
into  hot  alcohol  ( 1 ,  p.  125)  is  suggested.  A  description  of  the 
samples  follows: 

1.  Sweet  potato  starch  A.  A.O.A.C.-1942  sample  for  col¬ 
laborative  studies  on  starch  methods. 

2.  Sweet  potato  starch  B.  A  laboratory-prepared  starch, 
extracted  and  purified  without  use  of  lime  water  by  the  Sweet- 
potato  Products  Division  of  this  laboratory. 

3.  Waxy  maize  starch,  furnished  by  the  American  Maize- 
Products  Company,  Roby,  Ind. 

4.  Cornstarch.  A.O.A.C.-1943  sample  for  collaborative 
studies  on  starch  methods. 

5.  Wheat  Starch.  A.O.A.C.-1943  sample. 

6.  Ground  Corn.  A.O.A.C.-1943  sample. 

7.  Bread.  A.O.A.C.-1943  sample. 

8.  Sweet  potato  pulp.  A  residual  pulp  from  water-extrac¬ 
tion  of  starch  without  use  of  lime  water,  dried  at  60°  C.  in  a 
mechanical  convection  oven.  Furnished,  by  the  Sweetpotato 
Products  Division  of  this  laboratory. 

9.  Sweet  potato  pulp.  A  dried  residual  pulp,  typical  of  lime- 
water  process  by-product,  from  the  Laurel  Starch  Plant,  Laurel, 
Miss. 

10.  Sweet  potato  (dehydrated).  Peeled,  blanched,  and  de¬ 
hydrated  sweet  potatoes,  prepared  for  food  use  by  the  Sweet- 
potato  Products  Division  of  this  laboratory. 

11.  Sweet  potato  (dehydrated).  Same  as  10  except  Soxhlet- 
extracted  with  80%  alcohol  before  analysis. 

12.  Sweet  potato  (dehydrated).  Whole  sweet  potato  cos- 
settes,  dried  for  the  production  of  stock  feed,  from  the  Sweet- 
potato  Products  Division  of  this  laboratory. 

13.  Cottonseed  meal.  Composite  of  cottonseed  kernels, 
thoroughly  extracted  with  ethyl  ether  before  analysis. 

14.  Orange  rind.  Composite  of  many  kinds  of  orange  peel 
that  had  been  dropped  into  boiling  alcohol,  ground  in  food 
chopper,  Soxhlet  extracted  with  80%  alcohol,  dried,  and  ground 
in  ball  mill. 

15.  Jerusalem  artichokes.  From  T.  A.  Kiesselbach  of  the 
University  of  Nebraska.  Prepared  for  analysis  in  same  manner 
as  orange  rind. 

16.  Peanut  meal.  Peanut  kernels  successively  extracted 
with  petroleum  ether,  ethyl  ether,  95%  alcohol,  dried,  and 
ground  finely. 

17.  Gladiolus  leaves,  local  garden  variety.  Dropped  into 
boiling  alcohol,  dried,  and  ground  finely. 


Comparative  results  by  the  official  A.O.A.C.  malt-diastase, 
Hopkins,  and  the  proposed  methods  are  shown  in  Table  III. 

On  the  relatively  pure  starches  the  malt-diastase  method  an< 
the  proposed  method  are  in  good  agreement.  The  Hopkin 
method  values  (factor,  200)  are  higher  on  the  starches  than  th 
values  by  the  other  two  methods.  This  is  clearly  due  to  the  us 
of  the  factor  200  for  the  specific  rotation  of  starch  in  the  Hopkin 
method.  The  factors  calculated  for  the  Hopkins  method,  afte 
correcting  for  impurities  and  moisture,  are  202.8,  202.6,  202. i 
200.0,  and  201.8,  respectively,  for  the  starches  in  the  order  liste< 
in  Table  I.  If  we  assume  the  values  by  the  proposed  method  b 
be  correct,  the  factors  calculated  for  the  Hopkins  method  ar 
204.3,  205.2,  204.9,  204.5,  and  204.9  for  these  starches,  or  ai 
average  of  204.8.  Recalculation  of  the  Hopkins  values  with  th 
assumed  correct  value  of  204.8,  in  order  to  eliminate  the  question 
of  factors  from  the  comparison,  brings  the  starch  content  of  th 
starches  into  good  agreement  by  all  three  methods,  as  is  shown  i: 
Table  III.  Earle  and  Milner  (6)  have  recommended  203.0  for  th 
factor  in  their  modification  of  the  Hopkins  method. 

On  the  sweet  potato  materials  the  agreement  between  th 
proposed  method  and  the  malt-diastase  method  is  good  wit 
the  exception  of  the  sample  of  dehydrated  sweet  potatoes,  sampl 
10.  In  this  case  the  high  malt-diastase  values  are  due  to  th 
presence  of  sugars  and  other  nonstarch  carbohydrates.  Afte 
this  sample  was  extracted  with  80%  alcohol  in  a  Soxhlet  extracto 
to  remove  a  large  amount  of  sugars,  including  those  forme' 
during  the  dehydration  process,  the  agreement  was  good.  Wit 
the  exception  of  the  limed  sweet  potato  pulp,  sample  9,  whic 
gave  low  Hopkins  values  due  to  interference  of  the  lime  with  th 
dispersion  of  the  starch,  the  Hopkins  method  gave  higher  value 
than  the  proposed  method  on  sweet  potato  samples.  Thi 
is  true  even  if  the  factor  204.8  is  used  instead  of  200  and  ma 
be  due  to  interference  of  pectin  in  the  Hopkins  method.  Th 
high  value  in  the  case  of  bread  with  the  malt-diastase  procedur 
is  probably  due  to  the  presence  of  sugars,  dextrins,  or  degrade 
starch  in  the  sample. 

The  results  with  the  orange  rind,  Jerusalem  artichokes,  glad 
olus  leaves,  cottonseed  meal,  and  peanut  meal  are  of  speci; 
significance  with  regard  to  the  validity  of  the  three  method: 
These  samples  were  chosen  because  they  were  low  in  starch  an 
high  in  substances  that  might  possibly  interfere.  The  true  stare 
content  of  the  orange  rind  sample  is  probably  close  to  0.4^ 
This  is  based  on  colorimetric  measurements  of  the  blue  colt 
produced  with  iodine.  The  proposed  method  gives  a  negativ 
value  of  0.2%  on  this  sample,  which  is  much  closer  to  the  trut 
than  12.8%  by  the  malt-diastase  and  22.6%  by  the  Hopkir 
method.  This  shows  that  the  pectin  present  in  orange  rind  do< 
not  interfere  with  the  proposed  method  but  does  interfere  with  tt 
other  two  methods.  The  Jerusalem  artichoke  sample  was  starcl 
free  by  qualitative  test  with  iodine.  The  proposed  method  gat 
a  negative  value  of  0.3%  on  this  sample,  which  is  much  closer  1 
zero  than  the  values  of  27.4  and  —18.0  found  with  the  mal 
diastase  and  Hopkins  methods,  respectively.  The  gladioli 
leaves,  which  were  starch-free,  gave  about  the  same  values  by  tl 
proposed  and  Hopkins  methods.  The  cottonseed  meal  was  use 
as  a  sample  high  in  proteins  which  show  negative  optical  rot: 
tion.  Its  true  starch  content  was  close  to  0.2%  based  on  color 
metric  measurements.  The  value  of  —0.6%  is  closer  to  thetri 
starch  value  than  — 4.4%  by  the  Hopkins  method.  This  shov 
that  the  interference  of  protein  is  small  in  the  proposed  metho' 
The  high  value  for  cottonseed  meal  with  the  malt-diastase  methc 
is  probably  due  to  the  presence  of  raffinose  in  the  sample.  Tl 
peanut  meal  contained  considerable  starch,  6.7%  by  the  pn 
posed  method.  As  expected,  the  malt-diastase  method  ga* 1 11 
a  high  value  with  peanut  meal,  probably  due  to  the  presen’ 
of  nonstarch  carbohydrates  in  the  sample,  and  the  Hopkii 
method  gave  low  values  due  to  the  negative  optical  rotation 
proteins. 

It  will  be  seen  from  the  above  comparison  of  methods,  that 
practically  every  case  of  disagreement  the  proposed  method  ga1 
a  value  closer  to  the  true  value  than  the  other  two  methods. 

DETERMINATIONS  MADE  IN  PRESENCE  OF  VARIOUS  SUBSTANCES 

The  method  was  tested  in  the  presence  of  sugars,  amino  acid 
proteins,  pentosans,  pectin,  and  other  substances  often  found 
biological  materials.  In  each  case  200  mg.  of  the  substan 
were  added  to  an  accurately  weighed  starch  sample  and  tl 
mixture  was  analyzed  by  the  proposed  method.  The  resul 
are  given  in  Table  IV. 
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Table  IV.  Determination  of  Starch  by  the  Proposed  Method  in  the 
Presence  of  Added  Substances 

Starch  Found,  Air-Dry  Basis 

Substance  Added0 

Haffinose  (commercial) 

Sucrose  (commercial) 

''rum  arabic  (commercial) 

!gg  albumin  (commercial) 
nulin  (commercial) 
liluten  (laboratory  purified) 

Cystine  (commercial) 

Proline  (commercial) 

Vhite  potato  dextrin  (commercial) 
oevulose  (commercial) 
daltose  (commercial) 
dalic  acid  (commercial)  ' 
weet  potato  pectin  (laboratory  preparation) 

°  200  mg.  of  each  substance  added  to  1-gram  samples  of  sweet  potato 
tarch  B. 


Control 

Control  plus 
substance 

% 

% 

85  9 

86.0 

85  9 

86.3 

86  5 

86.5 

86.5 

86.6 

86  3 

86.5 

86.4 

86.6 

86.1 

86.5 

86.1 

86.5 

86  1 

87.3 

86.6 

86.7 

86.6 

86.8 

86.4 

86.8 

86.0 

86.2 

Table  V.  Recovery  of 

Added  Starch” 

A 

B 

C 

D 

rom  1.0  gram  of  cottonseed  meal 

Mg. 

Mg. 

Mg. 

Mg. 

Starch  added 

28.1 

68.7 

112.1 

156.5 

Starch  recovered 
rom  1.0  gram  of  orange  rind 

29.4 

69.6 

112.9 

155.8 

Starch  added 

24.9 

69.2 

115.5 

159.0 

Starch  recovered 

26.0 

70.6 

118.1 

158.8 

°  Calculated  as  empirically  pure  starch. 

The  only  substance  listed  that  showed  evidence  of  interference 
^as  white  potato  dextrin.  This  material  gave  a  red  color  with 
>dine  and  interfered  slightly.  Higher  polymer  dextrins,  which 
ive  a  violet  or  violet-blue  color  with  iodine  and  which  may  be 
Jund  in  slightly  degraded  starch,  do  not  precipitate  completely 
rhen  the  starch  is  precipitated  with  iodine  in  the  method  and  if 
resent  may  be  readily  detected  in  the  supernatant  liquid, 
'hey  are  partially  carried  down  with  the  starch  iodide  and  con- 
jquently  behave  in  an  anomalous  manner  in  the  method.  Con- 
jquently  the  results  on  samples  containing  higher  dextrins  are  of 
oubtful  validity.  Glycogen  acts  in  much  the  same  way.  When 
■  is  analyzed  alone  by  the  method,  it  is  almost  completely  re- 
loved,  but  in  the  presence  of  starch  it  is  carried  down  with  the 
;arch  iodide  and  included  as  starch. 


RECOVERY  OF  ADDED  STARCH 

Sweet  potato  starch  was  added  in  various  quantities  to  1.0- 
ram  samples  of  cottonseed  meal  and  orange  rind  and  the  mixture 
nalyzed  by  the  proposed  method.  Controls  without  starch 
ere  also  run  and  the  polarimetric  readings  subtracted  from  the 
olarimetric  readings  of  the  samples  to  which  starch  had  been 
ided.  The  results  given  in  Table  V  show  that  the  method  works 
ell  in  the  presence  of  large  amounts  of  pectin  and  protein. 


PRECISION  AND  ACCURACY 

Duplicates  on  1-gram  samples  of  relatively  pure  starches 
sually  agree  within  0.4%,  or  4  mg.  of  starch.  The  agreement  is 
jpendent  to  a  great  extent  on  the  precision  obtainable  from  a 
olarimeter.  In  most  instruments  this  precision  is  ±0.01  an- 
rlar  degree.  The  deviation  between  duplicates,  then,  due  to  the 
strument  alone,  for  a  1-gram  sample  in  a  4-dm.  tube  may  be 
:pected  to  be  as  great  as  0.25%,  even  if  the  highest  precision 
the  instrument  is  attained.  This  variation  becomes  in- 
easingly  important  as  the  starch  content  decreases.  Based  on 
:periments  with  1-gram  samples  containing  large  amounts  ot 
ictin  and  protein,  it  may  be  concluded  that  the  method  gives 
dues  that  are  within  10  mg.  of  the  true  starch  content  even  on 
mples  containing  large  quantities  of  the  substances  which 
terfere  in  most  starch  methods.  The  latter  statement  assumes 
tat  the  factor  200.9  for  the  specific  rotation  of  starch  in  the 


final  solution  is  essentially  correct.  As  an  illustration  of  the 
reproducibility  of  the  method,  duplicate  determinations  on  sample 
12  gave  59.3  and  59.3%  starch  on  the  dry  basis,  while  duplicate 
determinations  made  5  months  later  gave  59.8  and  59.8%.  An 
analyst,  who  had  not  used  the  method  previously,  obtained  59.3 
and  59.5%  on  the  same  sample. 
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Colorimetric  Assay  of  Quaternary 
Ammonium  Salts 

M.  E.  AUERBACH 

Research  Laboratories,  Winthrop  Chemical  Co.,  Inc., 
Rensselaer,  N.  Y. 


RECENTLY  a  method  was  described  for  the  determination  of 
germicidal  quaternary  ammonium  salts  in  dilute  solution 
( 1 ).  Since  publication  of  this  paper,  comments  from  various 
correspondents  have  made  it  clear  that  some  workers  find  it 
difficult  to  clarify — i.e.,  dry — the  ethylene  dichloride  dye  solu¬ 
tion  without  affecting  its  color  intensitv  Re-examination  of  this 
point  led  to  the  decision  to  use  benzene  instead  of  ethylene  di- 
chloride.  Benzene  is  not  so  good  a  solvent  for  the  colored  salt,  but, 
being  lighter  than  water,  it  can  conveniently  be  clarified  by  cen¬ 
trifugation,  thus  avoiding  all  danger  of  contamination.  At  the 
same  time,  to  compensate  for  the  loss  of  solvent  power,  two  other 
changes  were  made:  (1)  The  amount  of  sample  was  reduced  to 
one  fourth — 50  micrograms.  (2)  The  light  filter  was  changed  from 
one  transmitting  at  about  540  m/r  to  one  transmitting  at  about 
600  m(i.  The  method,  as  now  used,  is  as  follows: 

In  a  125-ml.  Squibb  separatory  funnel,  take  50  ml.  of  water 
containing  50  to  75  micrograms  of  the  quaternary  compound. 
Ordinary  stopcock  grease  should  be  avoided.  Starch-glycerol 
lubricant  is  satisfactory  (2).  Add  5  ml.  of  10%  sodium  carbonate 
solution,  1  ml.  of  aqueous  0.04%  bromophenol  blue  indicator 
solution,  and  exactly  10  ml.  of  benzene.  (The  indicator  solution 
should  be  prepared  on  the  day  it  is  to  be  used.  Dissolve  40  mg. 
of  bromophenol  blue  powder  in  100  ml.  of  water  containing  1  ml. 
of  0.1  N  sodium  hydroxide.)  Shake  steadily  for  2.5  to  3  min¬ 
utes,  let  the  layers  separate  roughly  (20  to  30  seconds),  and  then 
swirl  the  funnel  contents.  Let  stand  several  minutes  or  until 
well  separated.  Rinse  a  15-ml.  centrifuge  tube  with  a  portion 
of  the  lower  aqueous  layer,  discard  this  layer  entirely,  and  then 
run  the  colored  benzene  layer  into  the  tube.  Stopper  the  tube 
with  a  clean  rubber  diaphragm  stopper  and  centrifuge  for  a  few 
minutes  at  about  1000  r.p.m.,  if  necessary  to  clarify.  Transfer 
to  a  dry  Klett-Summerson  colorimeter  tube,  and  read,  using 
filter  No.  60. 

Changes  in  technique  involve  no  change  in  rationale  of  method. 
Limit  of  error  is  about  ±2%,  with  occasional  errors  =±=5%. 
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Spectrophotometric  Study  of  the  Oxidation  of 

Quenching  Oils 

GEORGE  L.  CLARK  AND  WILBUR  I.  KAYE,  University  of  Illinois,  Urbana,  III.,  AND  RALPH  L.  SEABURY  AND  FRED  CARL,  Delco- 

Remy  Division,  General  Motors  Corporation,  Anderson,  Ind. 


With  the  wartime  development  of  large-scale  production  of  alumi¬ 
num  alloy  castings,  especially  for  airplane  motors,  there  has  been 
little  information  available  on  the  choice  and  performance  of 
quenching  oils  for  these  alloys.  In  one  large  foundry  it  was  found 
that  the  strain  residual  in  quenched  castings  increased  markedly 
with  continued  use  or  aging  of  a  well-known  quenching  oil  in  the 
5000-gallon  tank.  A  spectrophotometric  study  has  been  under¬ 
taken  to  evaluate  the  changes  which  have  occurred  in  this  oil  with  an 
extension  to  a  study  of  the  rate  of  oxidation  of  several  other  commer¬ 
cial  oils  recommended  for  quenching,  at  high  temperatures  by  a 
laboratory  procedure,  with  and  without  addition  agents  and  in  the 
presence  and  absence  of  the  aluminum  alloy  as  catalyst.  Spectro¬ 
photometric  data  are  believed  related  to  the  light  scattered  by 
colloidal  particles  or  precipitables  as  indicated  by  absorption  curves 
and  electron  micrographs.  Oxidation  stability  and  absence  of  pre- 
cipitable  polymer  particles  are  correlated  with  the  quality  of 
quenched  castings  as  measured  in  terms  of  residual  strain. 

RECENTLY  aluminum  alloy  motor  castings  quenched  in  a 
particular  oil  in  a  5000-gallon  tank  have  exhibited  an 
increasing  amount  of  internal  strain  with  continued  use  or  aging 
of  the  quenching  oil.  This  residual  strain  is  indicated  both  by 
x-ray  diffraction  patterns  and  by  mechanical  measurement  of  bow 
when  strain  is  relieved  by  sawing  the  casting  nearly  through 
vertically.  These  castings  of  aluminum  alloy  were  quenched 
rapidly  from  a  temperature  of  480°  C.  (900°  F.)  in  this  quenching 
oil  maintained  at  approximately  45°  C.  This  hot  quenching  of 
the  metal  very  evidently  oxidized  the  oil,  producing  a  by-product 
which  in  some  manner  impaired  the  heat-conduction  properties  of 
the  oil.  The  aluminum  alloy  castings  seemed  particularly  sensi¬ 
tive  to  this  change  in  the  heat-conduction  properties.  It  was  the 
authors’  problem  to  find  some  reliable  method  of  studying  and 
evaluating  the  deterioration  of  this  quenching  oil. 

The  method  chosen  was  based  on  spectrophotometric  values  of 
the  oil  at  different  stages  of  use.  It  was  then  applied  to  a  variety 
of  other  commercial  quenching  oils  oxidized  under  laboratory 
conditions  in  order  to  gain  some  idea  as  to  whether  the  optical 
data  might  indicate  relative  stabilities,  as,  of  course,  would  be 
shown  by  a  number  of  more  familiar  and  accepted  tests  in 
petroleum  laboratories. 


PRODUCTS  OF  OXIDATION 

Fenske  (2,  3)  in  heating  lubricating  oils  at  140°  to  170°  C. 
accounted  for  most  of  the  oxygen  absorbed.  His  results  indicate 
that  about  half  of  the  oxygen  absorbed  goes  into  the  formation  of 
water,  while  the  remainder  may  be  accounted  as  carbon  dioxide, 
carbon  monoxide,  volatile  acids,  fixed  acids,  and  isopentane- 
insolubles  (polymers  and  lacquers).  The  isopentane-insolubles 
or  precipitables  have  been  classified  according  to  solubility,  color, 
and  melting  point,  but  there  appears  to  be  no  clear  line  of  de¬ 
marcation.  They  probably  are  polymers  of  low  molecular  weight 
(less  than  2000).  Their  solubility  is  low  in  isopentane  and 
moderate  in  chloroform,  ether,  and  benzene  ( 6 ). 

APPARATUS  AND  TECHNIQUE 

Throughout  the  history  of  petroleum  analysis,  color  has  been 
used  in  a  qualitative  sense  in  testing  for  purity.  The  older 
methods  of  visual  comparison  with  colored  disks  or  standards  is 
gradually  giving  way  to  more  reliable  photometric  methods 
utilizing  standard  color  filters  (I).  Further  refinements  of  these 
color  tests  lie  in  the  use  of  prism  or  grating  instruments  capable  of 
measuring  light  transmission  through  oils  at  any  wave  length 
near  the  visible  region. 

In  this  work,  a  Cenco-Sheard  Spectrophotelometer  was  used. 
The  sensitivity  below  400  ma  was  low  with  darker  colored  oils. 
In  this  rangu  with  dark-colored  oils  an  error  of  5%  in  the  trans¬ 
mission  readings  was  possible.  In  the  rest  of  the  range  an  error 
of  2%  limited  the  accuracy.  The  large  slit  width  required  in 
testing  dark-colored  oils  in  the  ultraviolet  range  led  to  a  spectral 
width  of  the  transmission  readings  as  much  as  10  millimicrons. 
The  error  due  to  overlapping  orders  was  small  but  appreciable  as 
determined  by  the  use  of  filters.  In  order  to  obtain  a  satisfactory 


Table  I.  Properties  of  Quenching  Oils 

Oil  Properties 

1  Commercial  paraffin-base  oil  containing  nonpolar  additives 

2  Commercial  paraffin -base  oil  containing,  nonpolar  additives  . 

3  Highly  refined,  paraffin-base,  colorless  oil,  containing  no  additives 

4  Experimental  straight-run  quenching  oil  without  any  additives 

5  Paraffin-base  oil  for  commercial  quenching  oils 

6  Oil  5  containing  0.85%  of  lard  oil  and  0.3%  of  polar  additives 

7  Experimental  paraffin-base  quenching  oil  containing  additives 

8  Similar  to  oil  7 

9  Pure,  colorless,  light  paraffin  oil 

10  Commercial  lubricating  oil  containing  special  polar  addition  agents 


TYPE  OF  OILS 

The  results  of  ten  commercial  quenching  oils 
are  presented  here.  These  samples  were  chosen 
from  among  a  large  number  of  commercial 
quenching  oils  and  represent  oils  supposedly  of 
the  best  oxidation  stability  available.  They 
were  essentially  paraffin-base  oils  of  fight  color, 
A.P.I.  gravity  near  30,  and  boiling  largely 
between  300°  and  400°  C.  Some  of  the 
quenching  oil  samples  contained  commercial 
polar  and  nonpolar  additives  designed  to  increase 
the  stability  of  the  oil  and  impart  desirable 
heat-conduction  properties.  All  the  oils  con¬ 
tained  varying  amounts  of  aromatic  compounds 
of  lower  stability  than  the  bulk  of  the  oil.  Table 
I  fists  the  properties,  as  far  as  known,  of  these  ten 
commercial  quenching  oils. 
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Figure  2.  Relative  Transmission  vs.  Wave  Length 

Commercial  quenching  oils  heated  2  hours  at  260°  C.  (undiluted) 


Table  II.  Transmission  vs.  Wave  Length 

(Oil  1  heated  at  260°  C.  for  2  hours,  undiluted) 


Wave 

,Ti 

r2 

Tx/Ti 

T1/T2 

Length 

Unheated 

Heated 

(Calculated) 

(Observed) 

340 

15 

10 

66 

62 

360 

9.0 

4.5 

50 

52 

380 

4.5 

2.5 

55 

48 

400 

3.0 

1.3 

43 

40 

420 

3.0 

1.0 

33 

32 

430 

3.0 

1.0 

33 

28 

440 

3.0 

0.8 

27 

24 

460 

3.7 

0.8 

22 

19 

460 

6.0 

0.8 

13 

12 

470 

8 

480 

28' 

i!e 

5.7 

7 

490 

. . . 

9 

500 

49' 

6 !  6 

13  ' 

13 

520 

69 

17 

25 

24 

550 

85 

30 

35 

43 

600 

98 

69 

70 

70 

650 

102 

88 

86 

85 

700 

98 

87 

89 

91 

720 

97 

90 

93 

92 

curacy  with  dark-colored  oils  it  was  necessary  to  dilute  the 
tmples.  Petroleum  ether  was  chosen  as  a  cheap,  easily  handled 
)lvent. 

EXPERIMENTAL  CURVES  AND  NUMERICAL  RATING  OF  OILS 

If  the  transmission  vs.  wave-length  values  for  a  typical  quench- 
ig  oil  are  plotted,  curve  1  in  Figure  1  is  obtained.  Curve  2 
presents  the  spectral  curve  for  the  same  oil  heated  2  hours  at 
30°  C.  If  the  ratio  quotient  of  these  two  curves  is  plotted  with 
le  transmission  value  of  the  unheated  oil  at  100  we  obtain  a 
irve  similar  to  function  3  on  the  graph.  Table  II 
sts  the  calculated  and  observed  values  for  these 
dative  transmissions.  The  value  of  the  relative 
ansmission  curves  lies  in  their  evaluation  of  the 
[ddation  products  formed  in  the  oil.  The  exact 
iture  of  the  oxidation  products  producing  these 
irves  is  unknown,  though  thought  to  be  tied  up 
ith  the  formation  of  the  polymer  “precipitables”. 

These  relative  transmission  curves  are  observed 
vary  widely  from  oil  to  oil  in  the  position  and 
laracter  of  the  absorption  peak  (minimum  trans- 
ission),  as  can  be  seen  in  Figure  2  in  which  several 
unmercial  quenching  oils  are  graphically  com¬ 
ired.  In  general,  the  more  highly  refined  oils  show 
isorption  peaks  further  toward  the  violet  than  do 
Is  containing  aromatic  compounds.  This  shift  in 
bsorption  peaks  is  misleading  in  oils  which  are 
aluated  on  the  basis  of  visible  color  only, 
a  oxidized  oil  of  light  color  may  actually  contain 
ore  oxidation  and  polymer  products  than  a  dark- 
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colored  oil  similarly  treated.  Under  some  condi¬ 
tions,  usually  oils  heated  at  relatively  low  tem¬ 
peratures  (150°  C.),  abnormal  curves  may  be 
obtained  which  show  several  relative  absorption 
peaks  occurring  after  heating  for  various  lengths  of 
time. 

DILUTION  EFFECTS 

When  working  with  dark-colored  oils  or  light-' 
colored  oils  having  a  large  absorption  in  the  near* 
ultraviolet  region,  it  is  necessary  to  dilute  the 
samples  with  a  neutral  solvent  to  obtain  a  maxi¬ 
mum  sensitivity.  A  high-boiling  petroleum  ether 
was  chosen.  Dilution  with  ethyl  ether  and  chloro¬ 
form  resulted  in  curves  similar  to  those  with 
petroleum  ether;  only  a  slight  difference  was 
noted  in  the  lower  relative  transmission  values  of 
the  oils  diluted  in  chloroform.  This  lowering 
of  the  transmission  values  is  believed  to  be  as- 
the  solubility  of  the  “insolubles”  in  chloroform 
the  petroleum  ether.  The  use  of  a  low-boiling 


petroleum  ether  (isopentane)  is  not  practical,  since  it  rapidly 
precipitates  the  polymers  from  the  more  highly  oxidized 
oils.  Dilutions  were  accomplished  with  the  aid  of  calibrated 
pipets. 

The  most  obvious  result  of  dilution  is  the  large  shift  in  the 
absorption  peak.  This  amounts  to  as  much  as  110  m,u  in  oils 
diluted  up  to  5%  with  petroleum  ether.  All  oils  investigated 
exhibited  approximately  the  same  displacement  of  the  absorption 
peak  with  dilution.  Figure  3  illustrates  this  effect.  The  shift 
in  absorption  is  not  dependent  on  purity,  sample  3  being  nearly 
a  pure  paraffin  oil. 

It  is  obvious  that  Beer’s  law  will  not  be  rigorously  followed  by 
a  solution  showing  such  a  large  shift  of  the  absorption  peak  as  is 
exhibited  with  heated  quenching  oils.  Figure  4  shows  that  there 
is  a  uniform  change  upon  dilution  in  the  general  nature  of  the 
curves.  The  region  of  the  curve  on  the  ultraviolet  side  of  the 
peak  exhibits  a  steeper  slope  than  the  curve  on  the  red  side. 
These  properties  must  be  considered  beforeinvestigatingBeer’slaw. 

To  study  the  extent  to  which  Beer’s  law  is  followed,  the  per 
cent  composition  (by  volume)  is  plotted  against  the  extinction 
(log  1  /T)  at  the  peak  absorption  and  at  a  constant  wave  length 
(500  and  550  m^).  The  graph  in  Figure  5  shows  a  curved  line  for 
extinctions  at  peak  absorption  in  the  case  of  the  three  oils  plotted. 
At  550  m/j,  the  curve,  though  of  lower  slope,  approaches  a  straight 
line.  When  a  filter  photelometer  is  used,  the  curve  is  a  modifica¬ 
tion  of  those  at  500  and  550  m,u  for  any  given  oil.  From  these 
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data  it  is  apparent  that  Beer’s  law  may  be  used  to  correct  for 
dilution  only  to  a  rough  approximation  when  the  wave  length  is 
given. 

EVALUATION  OF  OXIDATION  STABILITY 

Fenske  (2,  3 )  reports  the  rate  of  oxidation  of  lubricating  oils  to 
double  with  each  10°  rise  in  temperature  between  140°  and  180°  C. 
He  has  likewise  found  that  the  rate  of  production  of  volatile 
and  fixed  tmids,  lacquers,  and  precipitables  follows  a  simple 
logarithmic  function.  Small  discrepancies  with  precipitables 
have  been  assigned  to  their  “solubility”  in  isopentane. 


Three  types  of  curves  become  evident  when  the  length  of  heat¬ 
ing  time  is  graphed  against  the  amount  of  oxygen  absorbed. 


stances.  If  the  oil  is  drastically  purified  and  its  rate  of  oxidation 
plotted,  from  the  beginning  a  uniform  rate  of  oxidation  is  ob¬ 
served.  The  conclusions  to  be  drawn  from  these  curves  are  that 
oils  containing  aromatic  components  experience  a  rapid  initial 
oxidation,  while  antioxidants  inhibit  oxidation  and  catalysts 
accelerate  oxidation.  As  soon  as  the  less  stable  components  are 
removed  the  remainder  of  the  oil  (presumably  of  a  more  stable 
naphthenic  nature)  oxidizes  at  a  uniform  rate.  Hence,  in  so  far 
as  oxidation  stability  of  quenching  oils  at  a  high  temperature  is 
concerned,  the  initial  composition  (or  purity  in  the  sense  of  more 
stable  hydrocarbons)  of  the  oil  is  the  determin¬ 
ing  factor.  While  keeping  in  mind  that  maxi¬ 
mum ‘rate  of  absorption  of  oxygen  was  not  at¬ 
tained  in  the  samples  subjected  to  spectrophoto- 
metric  tests,  it  appears  that  this  rate  of  oxidation 
with  rise  in  temperature  is  not  so  large  in  the 
range  200°  to  260°  C.  as  it  is  at  lower  tempera¬ 
tures  except  during  the  short  initial  oxidation. 
In  these  tests  the  rate  of  oxidation  has  doubled 
in  the  50°  rise  between  210°  and  260°  C. 

STUDY  OF  ADDITIVE  ACTION 

Most  additives  used  in  lubricating  oils  con¬ 
tain  the  following  essential  ingredients:  deter¬ 
gents,  antioxidants,  film  strengtheners,  and  polar 
compounds  designed  to  improve  the  lubrication 
at  the  surface  of  the  metal.  Additives  used  in 
quenching  oils  act  primarily  to  improve  oxidation 
stability  and  heat  conduction. 

The  function  of  detergents  is  to  minimize  sludge 
formation  and  maintain  a  clean  metal  surface 
by  inhibiting  lacquer  formation  and  buffer  acids 
produced  on  oxidation  (7).  Most  antioxidants 
contain  hydroxyl  or  amino  groups  or  compounds  of  phosphorus, 
sulfur,  selenium,  antimony,  arsenic,  and  germanium.  Many 
theories  concerning  their  mechanism  in  oils  may  be  found  in  the 


Figure  5.  Extinction  vs.  Per  Cent  Figure  6.  Rate  of  Oxidation 
Composition 


The  graph  in  Figure  6  illustrates  this.  Curve  1  is  character¬ 
istic  of  relatively  pure  hydrocarbon  oils  and  indicates  a  uniform 
rate  of  oxidation.  Curve  2  shows  a  “period  of  induction”  where 
the  rate  of  oxidation  is  slight.  After  a  short  time,  the  oil  usually 
oxidizes  at  a  rate  equal  to  or  greater  than  that  of  a  saturated 
hydrocarbon.  This  period  of  induction  may  be  ascribed  to  the 
effect  of  some  natural  or  added  inhibitor.  Curve  3  is  character¬ 
istic  of  oils  heated  in  the  presence  of  a  metallic  catalyst,  such  as 
the  metal  of  the  casting  to  be  quenched.  In  lubricating  oils  the 
metals  usually  catalyzing  oxidation  are  lead,  iron,  and  copper; 
in  the  quenching  of  aluminum  alloys,  small  percentages  of  copper 
may  be  the  predominant  catalysts,  although  many  of  the  authors’ 
experiments  indicate  that  aluminum  is  not  wholly  inert  (see 
Table  IV). 

It  is  possible  to  study  the  relative  rates  of  oxidation  of  oils  by 
heating  a  series  of  oil  samples  under  known  conditions  of  time  and 
temperature  and  comparing  the  relative  transmission  values.  In 
this  study  the  samples  were  heated  in  test  tubes  immersed  in  an 
oil  bath  whose  temperature  was  maintained  within  1°  of  the 
desired  temperature.  Only  samples  from  the  same  series  have 
been  compared.  The  rates  of  oxidation  as  shown  by  this  method 
are  not  maximum  rates  of  oxidation  because  of  mechanical 
hindrance  of  the  test  tube  in  permitting  the  maximum  rate  of 
oxygen  absorption,  but  the  conditions  more  exactly  parallel  those 
of  an  actual  quenching  tank. 

The  graphs  in  Figure  7  show  the  effect  of  heating  various 
commercial  oils  at  210°  and  260°  C.  Extinctions  are  plotted 
against  time  of  heating,  all  oils  being  diluted  1  to  5  with  petroleum 
ether.  The  slope  of  such  a  curve  is  a  measure  of  the  rate  of 
oxidation.  In  general,  the  better  quenching  oils  show  a  period  of 
rapid  oxidation  followed  by  a  uniform  decomposition. 

The  addition  of  an  antioxidant  retards  the  initial  rate  of  oxida¬ 
tion,  but  it  soon  approaches  the  same  rate  as  the  untreated  oil. 
Heating  in  the  presence  of  a  metal  catalyst  (aluminum  alloy 
turnings)  further  accelerates  initial  oxidation  in  most  circum- 


literature  (2,  3,  4).  One  important  function  of  some  antioxidants 
lies  in  poisoning  the  metallic  catalysts.  Phosphites  have  re¬ 
cently  been  found  to  increase  the  proportion  of  water  formed  by 
absorbed  oxygen  ( 2 ,  3),  while  forming  phosphides  with  suspended 
metals. 

With  the  aid  of  the  spectrophotometer  it  is  possible  to  study 
the  antioxidant  properties  of  additives.  In  general,  additives 
containing  antioxidants  inhibit  the  oxidation  of  the  less  stable 
components  of  the  oil.  When  the  antioxidant  is  added  to  a 
highly  purified  oil  the  oxidation  of  the  oil  is  accelerated.  This 
effect  may  be  ascribed  to  the  oxidation  of  the  antioxidant  itself. 
In  Table  III  are  compiled  the  relative  transmission  values  at  peak 
absorption  for  quenching  oil  6  with  the  additive  and  its  separate 
components  and  for  sample  6  drastically  purified  (filtered  system 
oil)  by  long  oxidation  and  filtration  with  activated  clays.  In 
both  oils  the  halogenated  ester  has  little  effect  on  the  oxidation  ol 
the  oil.  The  detergent  and  sulfurized  olefin  show  the  greatest 


Table  III.  Relative  Transmission  Values  at  Peak  Absorptfon 


Sample 

System  oil  filtered 
S.O.  filtered  +  a° 
S.O.  filtered  +  b 
S.O.  filtered  +  c 
S.O.  filtered  +  d 
Oil  6 

Oil  6  +  a 
Oil  6  +  b 
Oil  6  +  c 
Oil  6  +  d 


(Undiluted,  heated  at  200°  C.) 


0.3% 

0.06% 

0.12% 

0.12% 


0.3% 

0.06% 

0.12% 

0.12% 


Heated 

Heated 

1.6  Hours 

3.5  Hours 

32  (445  mj>) 

7  (455  m/i) 

27 

8.5 

31 

10 

27 

8.0 

34 

11 

15  (465  in>i) 

3.9(480  mji) 

24 

7.7 

15 

4.2 

22 

7.3 

21 

8.0 

a  a.  GLC-I  composed  of  b,  c,  and  d. 

b.  Chlorinated  methyl  ester. 

c.  Detergent. 

d.  Sulfurized  olefin. 
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Table  IV.  Additive  Action 


(Heated  3  hours  at  210° 
Sample 

Oil  6  and  lard  oil 

Oil  6,  lard  oil,  and  A1 

Oil  6,  lard  oil,  and  additive  I 

Oil  6,  lard  oil,  additive  I,  and  A1 

Oil  6,  lard  oil,  and  additive  II 

Oil  6,  lard  oil,  additive  II,  and  A1 


.  Petroleum  ether) 

Transmission  Values 
at  Peak  Absorption 

28  (420  mM) 

31.5 

43 

39 

34 

42 


inhibitor  action  on  the  untreated  oil  while  producing  but  slight 
effect  on  the  filtered  oil.  Apparently  the  detergent  is  the  most 
“active”  ingredient  in  the  additive. 

Table  IV  demonstrates  the  effect  of  heating  the  quenching  oil 
with  a  metal.  The  aluminum  used  in  this  series  was  in  the  form 
of  turnings  obtained  from  an  aluminum  alloy  casting.  Two 
types  of  additives  were  introduced  into  samples  of  the  oil:  GLC- 
I,  the  same  as  discussed  above,  and  GLC-II  containing  a  phos¬ 
phite.  In  all  cases  the  additive  has  a  beneficial  effect  in  inhibit¬ 
ing  oxidation.  The  effect  of  the  aluminum  turnings  is  relatively 
slight.  The  increased  stability  produced  by  heating  oil  5  with 
aluminum  may  be  attributed  to  the  formation  of  an  aluminum 
soap  with  the  acids  produced  by  oxidation.  The  additive  GLC-I 
seems  to  react  with  the  metal  in  such  a  way  as  to  limit  its  value  in 
inhibiting  oxidation,  while  the  second  additive  is  favored  by  the 
presence  of  the  aluminum. 

CHANGES  IN  OIL  UPON  QUENCHING 

A  series  of  quenching  oil  samples  from  the  quenching  tanks  of  a 
arge  aluminum  foundry  was  obtained.  To  the  base  oil  (No.  5) 
had  been  added  0.85%  lard  oil  for  wetting  purposes.  Subsequent 
beating  tests  indicate  little  further  decomposition  of  the  lard  oil 
over  that  of  the  quenching  oil  when  heated  at  260°  C.  To  this 
base  oil  containing  lard  oil  was  added  0.3%  of  additive  GLC-I. 
If  the  transmission  curves  for  this  composite  oil  are  determined 
with  respect  to  the  oil  without  the  additive,  a  slightly  increased 
ibsorption  of  light  is  observed  which  may  be  ascribed  to  the 
color  of  the  additive  (Figure  8) .  However,  after  the  additive  has 
been  in  the  oil  for  several  months  the  oil  actually  becomes  lighter 
in  color.  The  effect  of  decreased  light  absorption  is  even  more 
marked  in  the  case  of  additive  GLC-II  (freshly  added).  In  this 
instance,  the  absorption  peak  occurs  near  the  absorption  peak  of 
the  heated  oils. 


Figure  7.  Extinction  vs.  Length  of  Heating 


Table  V.  Transmission  Values  of  System 

Oil  Relative  to  Oil 

Number 

(At  different  dates  with  continuous  use  in 

quenching  tank) 

Wave  Length, 

2/11 

2/11 

Mu 

12/7  12/18 

1/12 

Unfiltered 

Filtered 

340 

43  40 

32 

30 

112 

360 

42  37 

30 

29 

115 

380 

39  32 

25 

24 

117 

390 

137 

400 

17  16 

12 

12 

170 

410 

5 

2.2 

167 

420 

3.7  3.1 

2.6 

1.7 

158 

430 

2.6  2.0 

1.8 

1.2 

142 

440 

2.3  1.8 

1.2 

1.0 

135 

450 

2.9  2.0 

1.1 

1.0 

129 

460 

4.0  2.3 

1.3 

1.2 

470 

6.0  3.4 

2.0 

1.8 

i  17 

480 

8.7  5.0 

3.0 

2.5 

500 

17  11 

7.0 

5.2 

iii 

540 

36  29 

21 

18 

104 

600 

63  56 

47 

44 

100 

Table  VI.  Strain 

in  Quenched  Castings  Compared  with  Stability 

of  System  Oils 

(Relative  transmission  at  maximum  absorption. 

Heated  at  200 

°  C.  Di- 

luted  1  to  5  with  petroleum  ether) 

Average  Strain  in 

Castings,  Inches 

of  Bow  on  Stress  Heated 

Heated 

Sample 

Relief 

1  Hour 

2  Hours 

Oil  6 

0.055 

48  (420) 

35  (420) 

12/7 

0.095 

34  (465) 

12  (460) 

12/18  (first  additive) 

0.065 

42  (470) 

19  (475) 

1/12  (new  additive) 

0.045 

66  (480) 

27  (480) 

2/11  unfiltered 

0.052 

54  (475) 

29  (485) 

2/11  filtered 

0.030 

85  (410) 

62  (410) 

9/11  (6  months’  use  of  oil  without 

further  filtering) 

0.045 

70  (410) 

58  (410) 

Table  V  lists  the  transmission  values  for  samples  of  quenching 
oils  taken  from  the  quenching  tanks  at  different  dates.  These 
samples  have  not  been  heated  subsequent  to  removal  from  the 
quenching  tanks  and  are  relative  to  the  base  oil  ( 5 )  with  lard  oil 
and  GLC-I  (all  diluted  1  to  5  with  petroleum  ether).  The 
transmission  values  show  increasing  oxidation  over  a  period  of  4 
months  when  the  oil  was  filtered  with  a  clay  adsorbent.  The 
filtered  oil  has  a  peak  transmission  170%  greater  than  the  original 
oil. 

If  these  system  oils  (from  the  quenching  tanks)  are  further 
heated  under  the  laboratory  conditions  described  and  the  relative 
transmission  curves  of  the  laboratory  heated  to  unheated  oils  are 
determined,  some  information  may  be  had  as  to  the  stability  of 
the  oil  at  any  time  during  use  in  the  tank.  These  values  (for  peak 
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relative  transmission)  are  given  in  Table  VI.  It  might  be  ex¬ 
pected  that  the  stability  of  the  oils  should  remain  constant  after 
the  initial  heating  period  (in  the  quenching  tank)  but  considera¬ 
tion  must  also  be  given  to  the  part  that  new  additions  of  oil, 
additive,  and  dissolved  aluminum  play  as  the  oil  is  used.  The 
oil  filtered  after  many  months  of  use  is  observed  to  be  far  su¬ 
perior  in  stability  to  any  new  oil.  There  is  a  good  correlation  be¬ 
tween  these  relative  transmission  values  and  the  strain  induced 
in  the  aluminum  alloy  castings  quenched  in  the  respective  oils. 


Figure  9.  Per  Cent  Relative  Transmission  vs.  Wave  Length 


The  strain  values  in  Table  VI  are  the  amount  of  bow  in  inches 
in  the  casting  during  stress  relief  when  the  casting  is  sawed  nearly 
through  with  a  series  of  parallel  saw  cuts  by  a  standard  procedure 
for  the  foundry.  Experience  in  motor  performance  has  shown 
that  a  bow  less  than  0.25  cm.  (0.050  inch)  has  never  resulted  in 
failure,  but  that  it  is  essential  to  maintain  a  value  less  than  this 
maximum.  The  relation  between  relative  transmission  and  bow 
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is  not  linear  in  this  instance,  but  this  could  hardly  be  expec  ted, 
with  an  oil  which  is  continually  being  renewed  with  fresh  oil,  two , 
additives  of  two  additive  blends,  and  other  variables  operating.  t 
Without  exception,  however,  in  quenching  in  this  18,925-liter 
(5000-gallon)  tank  and  in  567-liter  (150-gallon)  tanks  in  which, 
single  castings  are  submersed,  the  lower  the  relative  transmission  ( 
index  number,  the  higher  the  residual  strain  in  the  castings.  It  ist 
a  curious  fact  that  the  variations  in  strain  follow  the  index  num-; 
bers  in  Table  VI  (relative  changes  of  the  oil  at  any  given  stage  on . 
further  oxidation)  and  not  those  of  Table  V  (ratio  of  the  trans¬ 
mission  of  the  oil  at  any  stage  in  the  tank  to  that  of  the  original, 
unused  oil). 

A  further  effect  is  noted  when  the  filtered  system  oil  is  heated- 
for  4  hours  at  115°  C.  Under  these  circumstances  the  heated  oil 
shows  a  transmission  126%  greater  than  the  unheated  filtered  oil. 
Some  inhibitor  appears  to  be  in  this  oil,  perhaps  a  stable  product 
from  the  original  additive  or  from  the  clay  adsorbent.  The 
nature  of  the  transmission  vs.  wave-length  curves  for  a  few  of  the 
system  oils  is  given  in  Figure  9.  It  is  interesting  to  note  the 
correlation  between  the  absorption  curves  for  samples  heated  iD 
the  laboratory  alone  and  the  oils  from  the  quenching  tanks. 


THEORY  OF  OPTICAL  EVALUATION  OF  OIL  DETERIORATION 


The  above  data  suggest  a  theory  upon  which  the  observed! 
phenomenon  may  be  explained.  Two  basic  readings  may  bf 
observed:  the  natural  and  relative  transmissions  which  mean 
natural  color  and  color  induced  in  the  oils  upon  heating.  The 
natural  transmission  curves  are  broad  and  affected  to  a  lesser 
extent  by  heating  and  diluting  than  the  relative  transmissior ' 
curves.  The  natural  transmission  curves  are  the  result  ol 
colored  materials  originally  present  in  the  oil  in  addition  to  anj 
products  of  oxidation,  while  the  relative  transmission  curves  an 
characteristic  of  the  heated  products  of  the  oil  alone.  Then 
appear  to  be  three  fundamental  processes  at  work  in  the  oil  tc 
produce  the  relative  transmission  values:  absorption,  fluores- 
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Figure  10.  Particles  Suspended  in 
Oxidized  Oils 

I.  Zeiss  Ultraphot  0.65  N. A.  objective,  X600. 

Heated  quenching  oil  1 

II.  Electron  micrograph,  XI 000.  Unhetted 

filtered  system  oil 

III.  Electron  micrograph,  XI 000.  Filtered  sys¬ 

tem  oil  heated  14  hours  at  210°  C.  , 

IV.  Electron  micrograph,  XI 000.  White  oil 

heated  14  hours  at  210°  C. 

V.  Electron  micrograph,  X2000.  Oil  5. 

Lard  oil,  GLC-I,  heated  14  hours  at  210°  C. 
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ence,  and  scattering.  To  what  extent  each  of  these  processes 
nters  has  not  been  determined,  though  scattering  is  believed  to 

[lay  a  large  part. 

The  large  shift  in  the  absorption  peak  on  dilution  with  little 
ariation  with  different  solvents  does  not  seem  to  find  adequate 
xplanation  on  the  basis  of  absorption,  while  the  nature  of  the 
*urve  does  not  seem  to  favor  explanation  on  the  basis  of  fluores- 
ence.  If  absorption  were  due  to  fluorescence  the  transmission 
urve  would  be  expected  to  change  sharply  on  the  long  wave- 
sngth  side  rather  than  on  the  short  wave-length  side  of  the  ab- 
nrption  peak. 

I  The  remaining  explanation  lies  in  scattering  of  the  light.  The 
resence  of  finely  divided  particles  suspended  in  oxidized  oils  has 
een  known  for  some  time.  The  “precipitables”  are  probably  a 
[ass  of  these  particles.  The  word  “class”  is  used,  since  the 
recipitables  can  be  only  the  larger  of  the  particles. 

Figure  10  illustrates  the  type  of  particles  to  be  found  in  the  oil. 
hotograph  I  was  taken  of  an  undiluted  heated  oil  sample  at  600 
lagnification  with  a  Zeiss  0.65  N.A.  objective  lens  in  a  Zeiss 
Itraphot.  The  particles  appear  spherical  with  a  tendency  to 
rnlesce.  Measurement  of  the  size  of  these  particles  leads  to 
oproximately  0 . 5p .  II  to  V  are  electron  micrographs  at  1000 
)  2000  diameters.  The  specimens  were  diluted  approximately  1  to 
1  with  a  benzene  drop  placed  on  a  collodion  film  backed  with  a 
)0-mesh  copper  screen  and  the  excess  oil  removed.  It  is  of 
terest  that  any  particles  appear,  since  they  might  be  expected  to 
ssolve  in  the  benzene  if  they  are  the  precipitables. 

If  these  relative  transmission  curves  are  actually  a  measure- 
ent  of  the  amount  of  particles  in  the  oil,  the  results  may  indicate 
te  mechanism  by  which  the  conduction  properties  of  a  quenching 
1  change  on  use.  The  presence  or  growth  of  large  quantities  of 
irticles  may  have  a  large  influence  on  the  heat  conduction  from 
hot  casting.  This  is  indicated  by  the  fact  that  when  particles 
e  completely  removed  by  filtration  as  proved  by  electron  micro- 
aphs,  the  residual  strain  in  castings  quenched  in  this  oil  as 


measured  by  the  bow  when  the  castings  are  sawed  nearly  through 
vertically  is  decidedly  lower  than  that  found  in  castings  quenched 
in  the  same  oil  before  filtration.  Furthermore,  after  this  filtra¬ 
tion  following  months  of  deterioration  of  the  oil,  remarkable 
stability  is  maintained,  since  in  6  months  of  continuous  use  the 
average  strain  in  castings  has  increased  only  from  0.45  to  0.1125 
cm.  (0.030  to  0.045  inch)  and  the  relative  transmission  value  has 
decreased  from  85  to  70.  There  is  clear  evidence  from  small- 
scale  experiments  that  with  each  filtration  the  stability  of  this 
particular  oil  is  still  further  improved,  so  that  only  a  very  occa¬ 
sional  batch  operation  is  required.  This  may  not  apply,  of 
course,  to  other  types  of  quenching  oils. 
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Determination  of  Wax  in  Cotton  Fiber 

A  New  Alcohol  Extraction  Method 

CARl.  M.  CONRAD1,  Cotton  and  Fiber  Branch,  Office  of  Distribution,  War  Food  Administration,  Washington,  D.  C. 


new  technique  is  described  for  the  determination  of  the  wax  of 
»tton  fiber.  It  consists  of  a  two-step  process  in  which  the  wax  is 
it  extracted  with  hot  95%  ethyl  alcohol  and  then  transferred  to 
loroform  through  a  phase-separation  process,  in  order  to  eliminate 
gars,  mineral  constituents,  and  other  nonwaxy  constituents  re¬ 
eved  at  the  same  time  by  the  alcohol.  The  wax  is  extracted  from 
tton  fiber  more  rapidly  by  hot  alcohol  than  by  chloroform,  the 
ist  rapid  and  adequate  of  a  considerable  number  of  common  wax 
vents  previously  studied.  The  wax  thus  determined  contains  a 
gligible  amount  of  mineral  impurities  and  is  less  contaminated 
th  sugars  than  that  determined  in  the  usual  Soxhlet  extraction. 

)  IS  often  desirable  to  know  the  wax  content  of  different  varie¬ 
ties  and  strains  of  cotton,  as  well  as  of  various  cotton  prod- 
ts  which  have  been  subjected  to  kiering,  scouring,  or  other 
;atments. 

Methods  previously  available  for  the  determination  of  wax  in 
v  cotton  are  not  entirely  satisfactory. 

A  method  worked  out  by  Clifford,  Higginbotham,  and  Far- 
er  (S)  and  based  on  the  study  of  a  number  of  solvents  recom- 

Preeent  address,  Southern  Regional  Research  Laboratory,  New  Orleans, 


mends  extraction  of  100  grams  of  cotton  with  chloroform  “in  a 
hot  Soxhlet  apparatus”  for  a  period  of  6  hours;  “where  it  is  neces¬ 
sary  or  desirable,  however”,  the  quantity  can  be  reduced  to  20 
grams  and  the  extraction  period  to  only  3  hours.  The  use  of 
chloroform,  especially  “hot”,  is  somewhat  objectionable,  and  the 
quantities  of  cotton  prescribed  are  large,  often  not  available, 
and  also  beyond  the  capacities  of  most  conventional  Soxhlet  ex¬ 
tractors.  These  investigators  also  recommend  that  carbon  tetra¬ 
chloride  be  employed  “to  give  an  approximate  estimate  of  wax 
in  cotton,  the  conditions  of  time  and  quantity  of  material  being 
those  already  outlined  in  the  case  of  chloroform”.  Carbon  tetra¬ 
chloride  is  rather  selective  in  its  action  and  thus  gives  a  less  com¬ 
plete  extraction  of  the  wax.  These  investigators  studied  a 
number  of  other  solvents,  although  not  ethyl  alcohol. 

Ahmad  and  Sen  (I)  employed  a  sample  of  only  2.5  grams  of  cot¬ 
ton  and  extracted  for  4  hours.  They  used  hot  benzene  which, 
according  to  Clifford,  Higginbotham,  and  Fargher,  extracts  more 
completely  than  carbon  tetrachloride,  but  less  completely  than 
chloroform.  It  is  inflammable,  in  contrast  to  carbon  tetrachlo¬ 
ride. 

In  addition  to  chloroform,  benzene,  and  carbon  tetrachloride 
in  the  cold,  Clifford,  Higginbotham,  and  Fargher  studied  the 
selectivity  and  solvent  extraction  rate  of  hot  and  cold  petroleum 
ethers  (boiling  point  40°  to  60°  and  60°  to  70°  C.),  hot  and  cold 
ethyl  ether,  hot  benzene,  and  hot  chloroform.  In  referring  to 
ethyl  alcohol,  they  stated  that  it  is  known  to  dissolve  substances 
other  than  wax  from  cotton.  Their  results  showed  that  hot  ex¬ 
traction,  in  general,  removed  in  30  hours  or  longer  more  waxy 
substance  than  cold  extraction  and  that,  of  the  solvents  used, 
chloroform,  benzene,  and  carbon  tetrachloride,  in  the  order 
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named,  were  decreasingly  efficient.  In  all  cases  the  extraction 
seemed  to  take  place  in  two  stages.  During  the  first  stage  the 
extraction  is  rapid;  during  the  second  it  is  slow,  proceeds  at  a 
diminishing  rate  for  a  long  period  of  time,  and  appears  to  be  con¬ 
cerned  with  a  different  kind  of  material,  difficultly  soluble  in  the 
solvent.  The  authors  concluded,  therefore,  that  routine  meas¬ 
urements  with  different  solvents  merely  permitted  the  extractive 
matter  to  be  divided  into  classes  of  varying  solubility. 


Figure  1 .  Comparative  Amounts  of  Cotton  Wax  Extracted  with95% 
Ethyl  Alcohol  (Full  Lines)  and  with  Chloroform  (Broken  Lines) 

Upper .  Very  high-wax  (green  lint)  cotton.  Sample  31 20CX 
Lower .  Cotton  of  normal  wax  content.  Sample  109CX 


The  heterogeneity  of  cotton  wax  from  representative  samples 
of  American  and  Egyptian  cottons  was  demonstrated  by  the 
rather  extensive  studies  of  Fargher  and  Probert  (7),  Clifford  and 
Probert  (4),  and  Fargher  and  Higginbotham  (6).  These  workers 
found  that  the  crude  wax  contains  such  widely  diverse  classes  as 
long-chain  aliphatic  mono-,  di-,  and  trihydroxy  alcohols,  aliphatic 
acids  and  esters,  sterols,  sterol  glucosides,  a  mixture  of  hydro¬ 
carbons,  resin  acids,  and  resenes.  It  is  therefore  little  wonder 
that  the  attempt  to  extract  these  substances  simultaneously  with 
a  single  "fat  solvent”  should  be  beset  with  considerable  difficulty. 

Hess  {8,  p.  205)  points  out  that,  in  general,  the  maximum 
amounts  of  resins,  fats,  andwaxy  substances  are  extracted  from 
cellulosic  materials  with  acetone  or  hot  alcohol.  He.  credits 
Schunk  ( 8 ,  p.  206)  with  the  statement  that  cotton  wax  is  easily 
soluble  in  ether  and  hot  alcohol  and  on  cooling  separates  from  the 
latter  in  the  form  of  a  white  gel  consisting  of  microscopically 
fine  crystals.  He  gives  Schwalbe  credit  ( 8 ,  p.  249)  for  the  state¬ 
ment  that  equal  parts  of  alcohol  and  benzene  are  appropriate  for 
the  quantitative  determination  of  resin,  fats,  and  waxes  in  cellu- 
losic  materials.  It  will  be  noted  that  these  authors  prefer  some¬ 
what  different  solvents  for  the  removal  of  waxes  from  these 
materials  than  those  recommended  by  Clifford,  Higginbotham, 
and  Fargher  ( 3 )  for  their  quantitative  determination.  ... 

Maclean  and  Maclean  (9,  p.  67)  point  to  the  fact  that  alcohol 
■often  removes  with  ease  fats  and  other  lipids  that  are  removed 
only  in  part  or  not  at  all  by  the  usual  fat  solvents.  Bloor  {2, 
ip.  264)  considers  that  boiling  alcohol  gives  the  most  complete 

extraction  of  lipids  from  tissues  of  any  solvent. 

A  technique  used  by  Thor  and  Smith  {11),  in  which  chloro- 
form  was  employed  to  remove  the  fat  and  wax  from  the  alcoholic 
extracts  of  pecan  fruits  before  undertaking  sugar  analysis,  first 
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suggested  a  new  technique  employing  alcoholic  extraction,  foi 
the  determination  of  wax  in  cotton  fiber.  In  this  the  waxy  mate¬ 
rials  are  first  extracted  by  the  more  rapid  and  inclusive  solvent 
95%  ethyl  alcohol,  and  then  separated  with  the  aid  of  chloroform 
from  the  nonwaxy  substances.  The  successful  use  of  this  methoc 
over  a  period  of  some  four  years  on  hundreds  of  samples  of  raw 
cotton  has  seemed  to  justify  its  publication. 

COMPARATIVE  EXTRACTIVE  EFFICIENCIES  OF  CHLOROFORM  ANC 
ETHYL  ALCOHOL 

It  is  appropriate  first  to  establish  the  advantage  of  ethyl  alco¬ 
hol  over  chloroform  as  a  solvent  for  cotton  wax. 

Two  cottons,  one  of  low  and  the  other  of  very  high  wax  con 
tent,  were  chosen.  For  high  wax  content  a  5-gram  sample  o 
green  lint  cotton,  studied  by  Conrad  and  Neely  ( 5)  and  havin) 
a  wax  content  of  about  13%,  was  employed.  For  the  low-wa: 
cotton  a  10-gram  sample  of  ordinary  white  cotton  was  used.  Ii 
each  case  duplicate  samples  were  weighed  out  and  placed  in  th< 
extractive  compartments  of  “large”  (50  X  250  mm.)  Soxhle 
extractors.  To  one  set  of  extractors  were  added  250  ml.  each  o 
chloroform  (U.S.P.  XI,  for  anesthesia)  while  to  the  others  wa 
added  an  equal  volume  of  95%  ethyl  alcohol.  Heat  was  applie( 
to  the  flasks  and  the  time  was  noted  when  the  solvent  began  t> 
condense  and  fall  on  the  sample;  the  extractions  were  continue! 
exactly  2  hours.  The  extractions  were  then  interrupted,  th 
flasks  with  extracts  set  aside,  and  new  flasks  with  new  solven 
substituted.  The  extraction  was  again  continued  exactly  : 
hours.  Both  sets  of  extractions  were  interrupted  in  the  sam 
way  twice  more  at  1-hour  intervals. 

In  the  light  of  the  work  of  Clifford,  Higginbotham,  and  Fai 
gher  (3),  the  total  material  extracted  by  the  chloroform  may  b 
considered  to  be  wax.  However,  the  waxy  material  in  the  alee 
holic  extract  had  to  be  separated  from  sugars  and  other  nonwa 
constituents,  removed  at  the  same  time,  by  mixing  with  chlorc 
form  and  separating  into  two  layers  with  water,  in  a  manner  d« 
scribed  below.  The  accumulated  percentages  of  wax,  obtained  a 
the  end  of  the  successive  periods,  are  shown  by  curves  in  Figure 
By  reference  to  Figure  1  it  will  be  seen  that  not  only  did  9 5  ( 
ethyl  alcohol  extract  the  wax  more  rapidly  than  did  chloroforn 
but  at  the  end  of  6  hours  it  had  extracted  a  larger  quantity 
The  total  wax  extracted  in  6  hours  with  alcohol  and  separate 
with  chloroform  was  15%  greater  than  that  extracted  with  chlorc 
form  alone  from  Sample  109CX,  and  75%  greater  than  that  ei 
tracted  with  chloroform  alone  from  Sample  3120CX.  After 
hours  alcohol  had  extracted  as  much  as  or  more  wax  than  w; 
obtained  with  a  6-hour  extraction  with  chloroform. 

From  Figure  1  it  would  appear  that  extraction  is  not  entire! 
complete  after  6  hours  even  with  alcohol.  In  the  case  of  routii 
work  complete  extraction  is  often  not  practicable. 

For  example,  although  Clifford,  Higginbotham,  and  Fargb 
(3)  actually  recovered  small  but  measurable  quantities  of  wi 
after  35  hours,  they  recommended  only  3  hours  for  the  extractic 
of  a  20-gram  sample  of  cotton  with  hot  chloroform.  In  the  ca 
of  an  Egyptian  cotton  extracted  with  hot  chloroform  they  o 
tained  0.61%  wax  after  4  hours,  but  0.72%  at  the  end  of  . 
hours.  On  the  other  hand,  using  cold  chloroform  on  the  san 
cotton  they  obtained  only  0.57%  wax  after  4  hours  and  0.65 
after  32  hours.  On  an  American  cotton  cold  chloroform  ga- 
them  under  the  same  conditions  0.60  and  0.63%  wax,  respe 
tively.  Ordinarily,  an  extraction  period  extending  beyoi 
about  6  hours  is  impracticable  from  a  routine  standpoint. 

The  sizes  of  samples  used  for  the  experimental  results  shown 
Figure  1  were  one  half  and  one  fourth  as  large,  respectively,  as  t 
smallest  recommended  by  Clifford,  Higginbotham,  and  Farght 
and  the  extraction  was  continued  for  6  hours  instead  of  3.  F 
the  low-wax  cotton  the  percentage  increase  in  total  wax,  obtain 
at  the  end  of  the  5th  and  6th  hours,  as  compared  with  that  at  t 
end  of  the  preceding  hour,  was  approximately  the  same  for  eitl 
alcohol  or  chloroform  and  less  than  3.5%.  With  the  high-w 
cotton  on  the  other  hand,  whereas  alcohol  extracted  2.14  a 
1.58%  additional  wax  during  the  5th  and  6th  hours,  respective 
chloroform  extracted  10.5  and  8.1%,  respectively.  In  view 
the  greater  total  quantity  of  wax  removed,  especially  in  the  ci 
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of  the  high-wax  cotton,  advantage  of  alcohol  over  chloroform — 
the  most  adequate  solvent  of  those  studied  by  Clifford,  Higgin¬ 
botham,  and  Fargher — is  clearly  demonstrated. 

TRANSFER  OF  WAXES  FROM  ALCOHOL  TO  CHLOROFORM 

The  successful  use  of  ethyl  alcohol  as  a  wax  solvent  requires  a 
subsequent  treatment  to  separate  the  wax  from  any  sugars, 
amino  acids,  or  other  alcohol-soluble,  nonwax  substances. 

Various  preliminary  experiments  were  carried  out  in  which  the 
alcohol  was  evaporated  to  a  very  small  volume  and  the  resulting 
mixture  washed  with  water  and  with  various  wax  solvents,  includ¬ 
ing  petroleum  ether,  ethyl  ether,  carbon  tetrachloride,  benzene, 
and  chloroform.  Invariably,  emulsions  were  obtained  which 
were  unmanageable.  Evaporation  of  the  extracts  to  dryness  be¬ 
fore  use  of  the  wax  solvents  not  only  led  to  the  same  difficulties, 
but  in  addition,  the  waxy  constituents  were  difficultly  and  in¬ 
completely  redissolved. 

The  preliminary  extraction  of  the  cotton  with  water  to  remove 
the  nonwax  constituents,  followed  by  extraction  with  alcohol  to 
remove  the  waxes,  proved  unsatisfactory,  since  the  water  did  not 
wet  the  cotton  readily,  often  not  completely  even  after  4  hours 
in  the  Soxhlet,  and  channeled  through  the  sample.  It  was  recog¬ 
nized  also  that  hot  water  might  melt  some  of  the  waxes  and  carry 
them  over  by  entrainment,  thus  giving  low  wax  results. 

The  successful  procedure,  finally  adopted,  based  on  the  experi¬ 
ments  of  Thor  and  Smith  (11)  and  additional  suggestions  by 
Thor  (10),  consisted  in  the  combination  of  the  hot  alcoholic  ex¬ 
tract  of  the  waxes  with  an  equal  volume  of  chloroform,  giving  a 
homogeneous  solution,  and  the  separation  of  this  into  two  phases 
by  the  addition  of  water.  The  waxes  are  retained  by  the  chloro¬ 
form  layer,  whereas  the  nonwax  substances  go  into  the  alcohol- 
water  layer. 

The  completeness  with  which  the  wax  was  transferred  to  the 
chloroform  layer  was  demonstrated  for  both  high-  and  low-wax 
cottons  by  separating  the  first  chloroform  layer  in  a  separatory 
funnel,  adding  new  portions  of  chloroform,  and  determining  the 
additional  amounts  of  wax  obtained.  Thus,  in  a  series  of  samples, 
using  100  ml.  of  chloroform  for  the  original  separation,  and 
three  successive  50-ml.  quantities  of  chloroform  to  wash  the 
alcohol-water  layer,  the  distribution  of  wax  in  the  successive 
portions  of  chloroform  was  99.25,  0.55,  0.10,  and  0.10%  of  the 
total,  respectively.  The  alcohol-water  layers,  also,  were  evapo¬ 
rated  to  dryness  and  further  examined,  both  for  wax  content  and 
for  nonwax  alcoholic  extractives.  Any  wax  obtainable  from 
these  layers  amounted  to  less  than  0.02%,  absolute,  while  the 
nonwax  residue  amounted  to  0.75  to  1.30%  of  the  sample,  depend¬ 
ing  on  the  sample  used.  It  is  thus  evident  that  the  transfer  of 
waxy  substance  from  alcoholic  solution  to  chloroform  is  very 
complete  with  the  first  50-ml.  chloroform  wash. 

AMOUNT  OF  ASH  CARRIED  TO  CHLOROFORM  WITH  WAX 

Experiments  were  conducted  on  both  low-  and  high-wax  cot¬ 
tons  which  showed  that  while  the  alcoholic  extractions  removed 
37%  of  the  total  mineral  constituents  from  the  low-wax  cotton 
and  25%  from  the  high-wax  cotton,  the  greatest  weight  of  ash 
found  in  the  wax  was  0.7  mg.,  and  the  average  was  0.3  mg. 
These  figures  are  equivalent  to  a  maximum  error  in  the  wax  con¬ 
tent  of  0.44%  or  an  average  error  of  only  0.15%.  It  is  thus  evi¬ 
dent  that  no  appreciable  error  is  introduced  into  the  wax  results 
through  transfer  of  mineral  constituents  from  the  alcoholic  to  the 
chloroform  solution. 

AMOUNT  OF  SUGARS  CARRIED  TO  CHLOROFORM  WITH  WAX 

The  question  also  arose  as  to  whether  any  appreciable  quantity 
of  sugars  (which  are  contained  in  cotton  fibers  in  slight  amounts 
and  dissolve  in  95%  ethyl  alcohol)  could,  because  of  slight  solu¬ 
bility  in  chloroform,  be  transferred  over  into  it  and  thus  lead  to 
greater  apparent  weight  of  wax  than  actually  exists.  Sugars 
would  be  about  the  only  other  nonmineral,  nonwaxy  constituents 
known  to  be  present  which  are  soluble  in  aqueous  alcohol  and 
might  be  soluble  to  a  slight  extent  in  chloroform.  N o  exactly  per¬ 
tinent  data  could  be  found  in  the  literature. 


To  decide  this  question  duplicate  1-gram  samples  of  dextrose, 
the  principal  sugar  found  in  the  fiber,  as  well  as  like  samples  of 
sucrose  and  levulose  were  dissolved  in  100-ml.  quantities  of  95% 
ethyl  alcohol,  transferred  to  100  ml.  of  chloroform,  and  washed 
with  three  additional  successive  50-ml.  portions  of  chloroform 
in  the  same  way  as  was  done  above  with  the  alcoholic  extracts 
of  the  fibers.  The  chloroform  extracts  were  evaporated  to  dry¬ 
ness,  first  on  the  steam  bath  and  then  in  the  vacuum  oven  at 
80°  C.  The  residues  were  weighed  and  the  weights  of  the  sugars 
found  in  this  way  are  shown  in  Table  I. 


Table  I.  Sugars  Transferred  to  250  Ml.  of  Chloroform 

(By^ distribution  from  95%  ethyl  alcoholic  solutions  containing  1  gram  of  the 

sugar) 


Residue  from 

Sugar 

Sugar  Taken 

Chloroform 

Recovered 

Mg. 

Mg. 

None 

0.9 

0.9 

1 

Dextrose 

3.4 

2.5 

3.8 

2.9 

Sucrose 

1.1 

0.2 

1.2 

0.3 

Levulose 

1.9 

1.0 

1.8 

0.9 

By  reference  to  Table  I  it  will  be  seen  that  the  chloroform  itself 
contained  a  very  slight  residue.  Very  small  quantities  of  sugar 
dissolved  in  the  chloroform,  the  amount  being  somewhat  the 
greatest  in  the  case  of  dextrose.  Assuming  a  10-gram  sample  of 
cotton  of  about  average  wax  content  of  0.5%  and  dextrose  as 
only  sugar  in  the  fiber,  the  error  caused  by  a  saturated  solution  of 
this  sugar  in  150  ml.  of  chloroform  (two  washes  of  100  and  50  ml., 
respectively)  is  slightly  over  3%  of  the  wax.  On  the  other  hand, 
it  is  evident  that  in  a  conventional  extraction  where  the  chloro- 
•  form  would  be  used  directly  in  the  Soxhlet  apparatus  to  remove 
the  wax,  and  where  through  repeated  siphoning  the  effective 
volume  of  the  chloroform  is  many  times  that  actually  present, 
a  much  greater  quantity  of  sugars  could  be  dissolved  if  present. 
In  fact,  an  actual  experiment  showed  that  under  these  conditions 
from  10  to  25  times  as  much  sugar  could  be  extracted  in  a  6-hour 
extraction  period,  and  deposited  in  the  extraction  flask.  The 
use  of  alcohol  for  the  extraction,  with  subsequent  transfer  to 
chloroform,  thus  avoids  a  serious  source  of  error  which  can  be 
present  if  chloroform  is  used  directly  as  the  wax  solvent. 

PROPOSED  METHOD  FOR  DETERMINATION  OF  TOTAL  WAX  IN 
COTTON  FISER 

The  following  method  is  proposed  for  the  determination  of  total 
wax  in  cotton  fiber  and  similar  materials. 

Place  5  to  10  grams,  depending  on  the  wax  content,  of  well 
cleaned  fiber  in  a  coarse  thimble  in  a  large  Soxhlet  (50  X  250 
mm.)  extractor  assembled  ready  for  operation.  Add  250  ml.  of 
95%  ethyl  alcohol  to  the  extraction  flask  and  adjust  the  gas 
flame  or  other  source  of  heat  until  the  liquid  siphons  over  at  3  to 
4  minute  intervals.  Continue  the  extraction  for  6  hours.  Turn 
off  the  heat,  lift  condenser,  and  remove  the  thimble  and  sample 
from  the  extraction  compartment.  Replace  condenser  and 
continue  heating  until  part  of  the  alcohol  has  passed  over  to  the 
extraction  compartment  of  the  Soxhlet  and  only  75  to  85  ml.  of 
liquid  remain  in  the  extraction  flask. 

While  still  warm  (above  60°  C.),  or  after  warming  if  the  ex¬ 
tract  has  been  allowed  to'  cool,  transfer  the  alcoholic  extract  to  a 
500-ml.  separatory  funnel.  Wash  out  the  Soxhlet  flask  with 
several  5-ml.  portions  of  hot  95%  ethyl  alcohol  and  add  addi¬ 
tional  alcohol,  so  that  the  final  volume  is  approximately  100  ml. 
Add  100  ml.  of  reagent  or  U.S.P.  XI  grade  chloroform  to  the 
separatory  funnel  and  mix  thoroughly.  This  should  give  a  com¬ 
pletely  homogeneous  solution.  Now  add  to  this  alcohol-chloro¬ 
form  solution  75  ml.  of  water  and  agitate  somewhat  to  cause 
mixing  and  separation  of  two  distinct  layers,  the  chloroform 
layer  being  at  the  bottom.  Do  not  agitate  violently,  as  this  is 
unnecessary  and  tends  to  cause  permanent  emulsions  to  form 
in  some  cases.  Allow  the  two  layers  to  stand  until  they  become 
clear.  This  may  take  overnight.  Draw  off  the  chloroform  layer 
and  set  aside  in  a  250-  to  300-ml.  Erlenmeyer  flask.  Add  a 
fresh  50-ml.  portion  of  chloroform  to  the  separatory  funnel. 
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agitate  gently,  and  again  allow  the  layers  to  separate.  This 
time  the  separation  should  be  complete  in  a  couple  of  hours. 
The  wax  is  now  practically  completely  in  the  chloroform  layer. 

It  is  probably  desirable  to  wash  the  chloroform  solution  of  ex¬ 
tracted  wax  at  least  once  with  water.  Therefore  drain  the 
separatory  funnel  and  discard  the  spent  alcohol-water  solution, 
which  also  contains  the  sugars  and  other  alcohol-soluble,  non- 
waxy  substances.  Without  washing  the  funnel,  pour  the  chloro¬ 
form  solution  of  wax  back;  add  about  100  ml.  of  distilled  water, 
shake  carefully,  and  allow  the  two  layers  to  separate.  When 
separation  is  complete,  draw  off  the  chloroform  layer,  receiv¬ 
ing  it  into  the  same  Erlenmeyer  flask  from  whence  it  was  last 
taken.  Now  add  two  5-ml.  portions  of  fresh  chloroform  succes¬ 
sively  to  the  separatory  funnel,  shake  well,  allow  to  separate, 
and  draw  off  each  in  turn  into  the  Erlenmeyer  flask  containing 
the  main  body  of  chloroform  solution.  This  should  complete  the 
transfer  of  the  wax  back  into  this  flask. 

Remove  the  chloroform  from  the  wax  by  evaporating  in  tared 
100-ml.  beakers  on  a  steam  bath.  The  beakers  should  not  be 
filled  more  than  hah  way  at  a  time,  because  of  the  tendency  for 
the  chloroform  to  superheat  and  boil  up  slightly  at  times  as  well 
as  to  leave  a  deposit  of  wax  above  the  solvent  on  the  sides  of  the 
beaker.  After  the  wax  residue  appears  to  be  dry,  cool  and 
weigh  the  beakers,  then  heat  them  on  the  steam  bath  30  minutes 
more,  and  again  cool  and  weigh.  If  the  weights  are  not  constant, 
repeat  reheating  until  two  successive  weighings  agree  within 
0.1%  of  the  residue  weight. 
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For  Continuous  Production  of  Distilled  Water  of  High  Purity 
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THE  entire  apparatus  shown  in  Figures  1  and  2,  the  fraction¬ 
ating  column  of  which  is  of  primary  interest  here,  was  used  to 
prepare  redistilled  water  of  high  purity  from  a  laboratory  supply 
of  rather  poor  quality.  Long  single  tubes  of  small  inside  diam¬ 
eter  and  concentric  glass  tubes,  in  which  the  reflux  is  distributed 
on  the  walls  of  the  tubes  have  been  found  to  give  an  efficiency  of 
up  to  the  equivalent  of  more  than  85  theoretical  plates  in  a  length 
of  less  than  150  cm.  (5  feet)  (2).  The  present  apparatus  may  be 
regarded  as  two  such  columns  in  series,  but  arranged  concen¬ 
trically  to  prevent  loss  of  heat  and  to  reduce  the  over-all  height. 

Accessories  shown  serve  to  make  the  operation  of  the  apparatus 
continuous  and  automatic.  The  constant-level  device  for  con¬ 
trolling  the  input  is  a  more  sturdy  modification  of  one  previously 
reported  (I).  To  maintain  an  easily  controlled  uniform  flow  of 
cooling  water  through  the  condenser,  an  obvious  device  was  used 
(constant  head,  Figure  2). 

Present  circumstances  do  not  justify  a  careful  study  of  the  heat 
exchange  and  other  details  of  performance  of  the  apparatus.  In¬ 
stead,  certain  seemingly  valid  assumptions  were  made,  and  the 
final  effectiveness  of  the  column  was  tested  by  a  simple  electro¬ 
metric  measurement  of  the  conductivity  of  the  distillate  (water). 

It  is  assumed  that  the  greater  part  of  any  higher-boiling  frac¬ 
tions  are  condensed  in  the  outer  space  between  the  outer  air¬ 
cooled  shell  and  the  middle  concentric  tube  and  are  refluxed 
back  into  the  boiling  flask,  and  that,  at  least  in  the  case  of  water, 
any  heavier  fractions  which  pass  over  the  top  in  more  than 
negligible  traces  are  substances  that  will  readily  distill  with  steam 
and  will  be  carried  with  the  steam  to  the  top  of  the  condenser. 
The  amount  and  composition  of  the  first  reflux  (above)  will,  of 
course,  depend  on  temperature  and  rate  of  flow  of  the  vapors, 
temperature  of  the  surrounding  air,  and  other  factors.  The 
narrow  space  between  the  central  and  middle  concentric  tubes 
serves  to  conduct  the  remaining  vapors  to  the  bottom  of  the 
central  space  and  to  maintain  or  slightly  increase  their  tempera¬ 
ture  toward  the  bottom  of  the  space.  These  vapors  then  ascend 


through  the  central  space  to  the  condenser,  which  is  maintained 
by  slow  flow  of  cooling  water  at  near  the  temperature  of  condensa¬ 
tion  of  water.  As  the  condensate  flows  down  the  walls  of  the 
central  tube,  it  is  continually  in  contact  with  hot  vapor  flowing 
upward.  Any  lighter  fractions  which  may  have  condensed  ana 
any  gases  redissolved  in  the  water  are  assumed  to  be  driven  off 
again  and  returned  to  the  top  of  the  column.  Gases  and  lower- 
boiling  fractions  are  eventually  driven  out  with  a  small  portion  of 
steam  from  the  top  of  the  condenser. 

On  several  occasions  the  performance  of  the  still  was  tested  by 
measuring  the  conductivity  of  the  distillate  in  a  Bamstead 
purity  meter  in  terms  of  an  electrometrically  equivalent  concen¬ 
tration  of  sodium  chloride  in  solution  in  pure  water.  The  results 
are  given  in  Table  I.  From  these  data  it  is  evident  that  the  first 
150  to  200  ml.  should  be  discarded,  that  the  still  is  then  clean  and 


Table  I.  Conductivity  of  Distillate  (Water)  Delivered  at  3  to  4 

Liters  Per  Day 

NaCl 

Run  Sample,  Portion  of  Run,  Condition  of  Still,  etc.  Temp.  Equivalent 

°  F.  P.p.m. 

1  Water  in  reservoir  80  5.8 

First  distillate  taken,  read  when  taken  130  0.3 

First  distillate  taken,  after  30  min.  105  0.5 

Probable  solution  of  electrolyte  from  glass 

2  Beginning  of  day,  first  150  ml.  discarded 
First  sample,  barely  in  zero  range 
End  of  day,  far  into  zero  range 

3  End  of  2-liter  run,  last  portion  from  reservoir 

in  flask,  far  in  zero  range 

4  Still  idle  2  weeks;  first  20  ml.  discarded 
First  fraction,  50  ml.  after  20  ml.  discarded 

40  ml.  discarded,  next  50  ml.  taken  I 
Second  fraction,  well  in  zero  range  J 

A  considerable  arc  on  the  meter  below  0.1  is  marked  “zero  range”. 


95 

<0.1 

132 

<0.1 

132 

<0.1 

i28 

'6.7 

130 

<0.1 
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Figure  1.  General  Arrangement  and  Proportions 
of  Column,  Boiling  Flask,  and  Accessories 

A.  Air  pressure  communication,  constant-level  column  to  R 

C.C.  Condenser  cooling  water  control  capillary 

C.O.  Condenser  cooling  water  overflow 

C.W.  Condenser  cooling  water  inlet 

F.W.  Feed  water  (from  R  into  boiling  flask) 

Head.  Constant  head  device 

H.W.  Constant  head  device,  inlet  (tap  water) 

H.O.  Constant  head  device,  overflow 

R.  20-liter  bottle,  reservoir  lor  feed  water 

S.  Tube  with  screwclamp  lor  application  of  suction 
W.  Tube  (or  refilling  R  with  water 


6 

6 

o 

>o 


as 

Cq 


Figure  2.  Details  of  Column,  Boiling  Flask,  and  Accessories 


B.  Bailie 

D.  Tube  to  check  air  flow  and  facilitate  surge  of  water 

L.  Constant-level  tube 

M.  Dead  space  below  central  tube 

N.  Space  separating  condenser  from  top  of  fractionating  column 
V'.  Vent 

Other  reference  letters  same  as  in  Figure  1 
^  Standard-taper  joints  as  indicated 


delivering  pure  water,  and  that  the  production  of  a  satisfactory- 
distillate  is  maintained  to  the  last  portion  of  at  least  20  liters 
from  the  reservoir. 

Space  N,  Figure  2,  separates  the  condenser  from  the  fractionat¬ 
ing  column  to  prevent  overcooling  of  the  first  reflux.  Space  M, 
which  is  undesirable  and  is  made  as  small  as  possible,  could  be 
heated  slightly  to  prevent  condensation  of  lighter  fractions,  but 
for  present  purposes  this  has  not  been  found  necessary.  The 
trap  serves  to  prevent  loss  of  vapor  and  to  maintain  sufficient 
back  pressure  to  force  the  vapor  through  the  column.  If  ex¬ 
treme  precautions  are  to  be  taken,  a  soda-lime  tube  or  other  pro¬ 
tective  absorbent  may  be  connected  to  the  trap  vent  (CaO-NaO, 
Figure  2). 

A  uniform  flow  of  cooling  water  is  essential  to  proper  operation 
of  the  still.  This  is  adequately  provided  by  a  constant  head  or 
pressure  of  water  acting  against  the  resistance  of  the  capillary 
(Figure  2,  C.C.)  and  by  the  fixed  level  of  the  overflow  from  the 
condenser  into  an  open  cup  (C.O.  in  both  figures).  The  device 
marked  “constant  head”  in  Figure  2  is  suitable.  Its  position 
above  the  column  is  indicated  in  Figure  1.  By  raising  or  lowering 
it,  the  rate  of  distillation  and  the  portion  of  middle  fraction  re¬ 
jected,  hence  also  the  quality  of  the  distillate  may  be  closely  con¬ 
trolled. 

The  constant  boiler  level  control  device  consists  of  two  parts, 
built  separately  for  convenience  in  fabrication  and  to  decrease 
danger  of  breakage.  Air  entering  the  lower  section  through  the 
vent,  V,  passes  below  the  bottom  edge  of  L,  upward  between  the 
walls  of  L  and  D,  through  the  V-shaped  opening  in  the  ring  seal 
into  L  and  then  B,  and  through  the  capillary  tip  of  B  into  the  top 
section  of  this  column.  Water  from  B  and  L  surges  freely  down 
D  when  displaced  by  air,  quickly  blocking  further  ingress  of  air, 
but  it  can  flow  only  slowly  past  B  through  the  V-shaped  opening 
in  the  ring  seal  at  the  bottom  of  B.  Air  flows  from  the  top  of  the 
column  at  A  into  R,  permitting  water  to  flow  from  R  to  F.W.  If, 


Table  II.  Dimensions  of  Still 

Fractionating  column,  length  600  mm.  Condenser,  length  300  mm. 

Outer  tube  (shell)  30  mm.  O.D.  Outer  tube  30  mm.  O.D. 

Middle  tube  20  mm.  O.D. 

Central  tube  15  mm.  O.D.  Central  tube  15  mm.  O.D. 

Shell  of  lower  section  of  constant-level  control  above  standard 

taper  joint,  and  entire  upper  section  of  column  32  mm.  O.D. 

Shell  of  lower  section  below  standard  taper  joint  25  mm.  O.D. 

Tube  B  24  mm.  O.D.  Tube  L  19  mm.  O.D.  Tube  D  14  mm.  O.D. 
Orifice  at  top  of  baffle,  B,  approx.  0 . 6  mm.  I.D. 

Orifice  at  bottom  of  shell  of  lower  section,  approx.  1 . 5  mm.  I.D. 

Bottom  edge  of  L  approx.  30  mm.  above  desired  level  in  flask 
Trap  at  least  50  mm.  long  between  lower  end  of  inner  tube  and  junction  of 
distillate  delivery  tube,  because  of  back  pressure 
Control  capillary  of  constant-head  device  approx.  1.0  mm.  I.D.  and  150  mm. 
long  including  bend 

Constant-head  device  large  enough  to  avoid  flooding  and  splashing 


in  starting  operation,  the  pressure  in  R  is  not  sufficiently  low  to 
hold  back  excess  water,  it  can  be  reduced  further  by  applying  suc¬ 
tion  slowly  at  S.  The  reservoir  can  be  refilled  through  W  by 
placing  pinch  clamps  between  A  and  S  and  between  F.W.  and  W 
and  applying  suction  at  S.  The  earlier  paper  ( 1 )  gives  a  more 
satisfactory  explanation  of  the  constant-level  control. 

Considerable  latitude  is  probably  permissible  in  the  dimensions 
of  various  parts  of  the  still.  Those  that  may  be  informative  or 
critical  are  listed  in  Table  II. 
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Salicylimines  as  Organic  Precipitants 

Quantitative  Precipitation  of  Nickel  and  Copper  and  Determination  of 

Copper  in  Brass  or  Bronze 


FREDERICK  R.  DUKE 

Frick  Chemical  Laboratory,  Princeton  University,  Princeton,  N.  J. 


ETTLING  {%)  in  1840  showed  that  salicylaldehyde  yields  an 
insoluble  compound  when  treated  with  ammoniaeal  cupric, 
nickel,  or  ferric  ions.  Schiff  (4)  showed  that  the  compounds 
obtained  were  complexes  of  the  ion  with  salicylimine,  formed  by 
reaction  of  ammonia  with  the  aldehyde,  and  that  primary  amines 
could  replace  ammonia  in  the  reaction,  giving  rise  to  A-alkyl 
salicylimine  complexes.  Pfeiffer,  Buchholz,  and  Bauer  ( 8 )  pre¬ 
pared  a  number  of  salicylimine  complexes  and  studied  their 
properties. 

The  present  work  deals  with  the  qualitative  reactions  of 
metallic  ions  with  salicylaldehyde  and  its  5-bromo,  5-nitro,  and 
3,5-dibrome  derivatives  in  ammonia  and  in  methylamine  solu¬ 
tion.  All  tests  were  run  in  the  presence  of  5%  sodium  tartrate 
to  prevent  precipitation  of  the  hydrous  oxides.  The  quanti¬ 
tative  determination  of  copper  and  nickel  in  aqueous  solution, 
and  of  copper  in  brass  or  bronze  is  described. 

REAGENTS 

Salicylaldehyde,  obtained  from  the  Eastman  Kodak  Company, 
was  redistilled  and  that  portion  boiling  from  195°  to  196°  C.  was 
used  in  the  investigation.  5-Bromosalicyl  aldehyde  (m.p. 
124°  C.),  5-nitrosalieylaldehyde  (m.p.  124-125°  C.),  and  3,5- 
dibromosalicylaldehyde  (m.p.  81-82°  C.)  were  prepared  ac¬ 
cording  to  Beilstein  (1). 

Imine  Solutions.  Salicylimine.  Dissolve  1  gram  of  salicyl¬ 
aldehyde  in  100  ml.  of  10  to  90  ammonium  hydroxide.  5-Nilro- 
salicylimine.  Dissolve  1  gram  of  5-nitroaldehyde  in  100  ml.  of 
10  to  90  ammonium  hydroxide.  5-Bromosalicylimine.  Dis¬ 
solve  0.25  gram  of  the  5-bromoaldehyde  in  100  ml.  of  concen¬ 
trated  ammonium  hydroxide.  8,5-Dibromosalicylimine.  Dis¬ 
solve  0.2  gram  of  the  3,5-dibromoaldehyde  in  100  ml.  of  con¬ 
centrated  ammonium  hydroxide.  The  solutions  darken  and 
lose  their  usefulness  after  approximately  8  hours. 

A-Methylimine  Solutions.  Prepare  in  same  way  as  imine 
solutions,  using  25%  aqueous  methylamine  in  place  of  con¬ 
centrated  ammonium  hydroxide.  The  solutions  are  stable  for 
long  periods  of  time. 

.  Solutions  of  Inorganic  Ions.  Stock  solutions  of  known  ap¬ 
proximate  concentration  were  prepared  from  reagent  grade  salts, 
oxides,  or  metals,  followed  in  some  cases  by  reduction  on  amal¬ 


gamated  zinc.  The  solutions  were  diluted  to  contain  1  to  2  mg 
per  ml.  for  making  the  tests. 

PROCEDURE 

To  5  ml.  of  5%  sodium  tartrate  solution  containing  0.5  to  1  mg. 
per  ml.  of  the  ion  were  added  2  ml.  of  the  reagent.  The  solu¬ 
tion  was  examined  for  the  presence  of  a  precipitate  or  color.  The 
sensitivity  of  the  tests  was  determined  by  adding  2  ml.  of  the 
reagent  to  10  ml.  of  the  ion  in  appropriate  concentration.  After 
allowing  10  minutes  for  reaction  the  tubes  were  examined  for  a 
Tyndall  cone  in  a  narrow  beam  of  light.  In  each  case  a  blank 
was  run  on  distilled  water  for  comparison. 

RESULTS 


All  the  metallic  ions  obtainable  in  aqueous  solution  were 
tested  with  the  exception  of  the  following:  all  ions  of  Rh,  Cs,  Ra, 
Sc,  Ac,  Zr,  Hf,  Cb,  La,  Pa,  Ma,  Rh,  Ir,  Tl,  Ge,  and  Po.  The 
results  are  summarized  in  Tables  I  and  II. 

Effect  of  pH.  In  all  cases  the  imines  are  unstable  in  even 
weakly  acidic  solutions.  The  precipitates  were  insoluble  in  high 
concentrations  of  the  amine  or  ammonia.  Thus,  the  insolubility 
range  in  all  cases  is  pH  7-8  to  11-12. 


QUANTITATIVE  APPLICATION  OF  SALICYLIMINE 


Standard  solutions  of  Cu++  and  Ni++  were  prepared  by  elec¬ 
trolyzing  a  known  amount  of  the  metal  on  platinum,  removing 
the  metal  plate  with  nitric  acid,  and  diluting  to  known  volume. 
To  pipetted  samples  of  the  standard  solutions  were  added  sodium 
tartrate  to  5%,  followed  by  an  excess  of  ammonia  and  salicyli- 
mine  solution  prepared  according  to  the  above  directions.  The 
precipitates  were  filtered  through  sintered-glass  crucibles  and 
weighed  after  being  dried  to  constant  weight  at  100°  C.  The 
factor  for  converting  the  copper  precipitate  to  metal  is  0.2092, 
and  the  factor  for  nickel  is  0.1963. 


Cu  Taken,  Mg. 

9.85 

9.85 

24.87 

24.87 

49.58 

49.58 


Wt.  of  Ppt.,  Mg. 

46.9 

47.1 

118.6 

118.6 

236.9 

236.6 


Cu  Found,  Mg. 

9.81 

9.85 

24.81 

24.81 

49.56 

49.50 


Table  I.  Reactions  of  Salicylaldehyde  and  Derivatives 


Salicvlaldehvde 

5-Nitro 

5-Bromo 

3,5-Dibromo 

Ion 

NHi 

CHsNHj 

NHa 

CH3NH2 

NHi 

CH1NH2 

NH, 

CHjNHi 

Cu  +  + 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

PPt. 

Ni +  + 

Orange 

Yellow 

Orange 

Yellow 

Yellow 

Yellow 

Brown 

Yellow 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

_  PPt. 

v  +  + 

Red 

Red 

Orange 

Red 

Red 

Red 

Red 

Red 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

Pd  +  + 

Yellow 

Yellow 

Yellow 

Yellow 

Yellow 

Yellow 

Yellow 

Yellow 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

ppt. 

PPt. 

Mn  +  + 

.... 

.... 

Brown 

ppt.. 


Fe  +  +  + 

Red 

ppt. 

Red 

ppt. 

Fe  +  + 

Red 

color 

Red 

ppt. 

Co  +  + 

.... 

Brown 

ppt. 

Hg  +  + 

Zn  +  + 

Cd  +  + 

.... 

ReOa' 

.  Red 

ppt. 

Red  Blue  .... 

color  ppt. 

Brown  Brown  .... 

ppt.  ppt. 


Laven¬ 

.... 

Purple 

der 

ppt. 

ppt. 

Brown 

Brown 

Brown 

PPt. 

ppt. 

PPt. 

Yellow 

PPt. 

Yellow 

ppt. 

Yellow 

ppt. 

Yellow 

PPt. 

Qualitative  reactions  in  5%  sodium  tartrate . indicates  no  reaction 


Ni  Taken,  Mg. 

8.91 

8.91 

22.57 

22.57 

44.78 

44.78 


Wt.  of  Ppt.,  Mg. 

44.9 

45.1 

115.4 

115.2 

227.6 

228.0 


Ni  Found,  Mg. 

8.81 
8.85 
22  65 
22.61 
44.68 
44.76 


Determination  of  Copper  in  Brass  or  Bronze. 
A  60-  to  100-mg.  accurately  weighed  sample  of  the 
alloy  is  dissolved  in  hydrochloric-nitric  acid  (2  ml. 
of  each  of  the  concentrated  acids).  The  solution 
is  diluted  to  approximately  25  ml.  and  sufficient 
sodium  tartrate  solution  is  added  to  make  its 
over-all  concentration  5%.  After  making  distinctly 
ammoniaeal  with  filtered  ammonium  hydroxide  and 
cooling  below  25°  C.,  the  salicylimine  solution  is 
added.  After  5  minutes  in  the  cold  the  precipitate 
is  filtered  through  sintered-glass  crucibles,  dried 
for  an  hour  at  100°  C.  (never  above  105°  C.),  and 
weighed.  Per  cent  copper  is  calculated  as  follows: 
%  Cu  =  weight  of  ppt.  X  0.2092  X  100/sample 
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weight.  The  procedure  was  applied  to  Bureau  of  Standards 
brass  37B  and  bronze  52  samples,  with  the  following  results: 


Brass,  Mg. 

Wt.  of  Ppt., 
Mg. 

%  Cu 

124.9 

421.3 

70.56 

73.2 

249.5 

71.30 

79.6 

267.7 

70.36 

96.0 

323.0 

70.38 

90  2 

303.2 

70.32 

67.0 

225.9 

70.53 

71.5 

241.2 

70.57 

89.0 

300.3 

70.58 

Bur.  of  Standards  average 

70.36 

“  Contains  0.13%  Ni,  which  was 

Bronze®,  Wt.  of  Ppt., 

Mg.  Mg.  %  Cu 

99.0  418.8  88.50 

64.8  273.7  88.75 

90.0  381.0  88.55 

107.7  455.2  88.42 


88.33 

subtracted. 


Interferences.  The  interferences  may  be  found  by  refer¬ 
ence  to  Table  I.  Less  than  approximately  0.3%  of  iron  does  not 
interfere. 


Ion 

Cu  +  + 
Ni  +  + 
CO  +  + 
Fe  +  + 


Table  II.  Sensitivity  of  Reactions 


Salicyialdehyde  5-Nitro  5-Bromo  3,5-Dibromo 


NH, 

CHsNHj 

NH, 

CHjNHs 

NH, 

CH,NH, 

NH, 

CH.NH, 

2 

0.75 

3.5 

1.5 

4 

1.5 

4 

2 

2 

0.75 

3 

1 

3 

2 

3 

1.5 

. 

0.5 

1 

0.75 

1.5 

1 

2 

1.5 

. 

0.1 

0.25 

0.75 

1 

Sensitivity  of  tests,  10*  ml.  of  solution  in  which  1  gram  of  ion  can  be 
detected. 
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Determination  of  o-Xylene  in  Recycle  Styrene 

ROLAND  P.  MARQUARDT  and  E.  N.  LUCE 
The  Dow  Chemical  Company,  Midland,  Mich. 


A  procedure  for  determining  o-xylene  in  the  presence  of  alkyl- 
benzenes  and  olefinic  compounds  consists  of  removing  the  unsatu¬ 
rates  with  mercuric  acetate,  nitrating  the  o-xylene  and  other  alkyl- 
benzenes,  and,  using  a  modified  Bost-Nicholson  reaction,  measuring 
the  color  produced  by  dinitro-o-xylene  in  a  suitable  photoelectric 
colorimeter.  It  is  possible  to  detect  less  than  0.01%  o-xylene  in 
samples  consisting  largely  of  Unsaturates. 


IN  THE  production  of  Buna  S  rubber  the  recovery  of  unpoly¬ 
merized  styrene  monomer  is  an  important  factor.  Impurities 
such  as  1,4-vinylcyclohexene,  ethylbenzene,  isopropylbenzene, 
n-propylbenzene,  and  o-xylene  accumulate  in  varying  amounts, 
thus  making  purification  necessary  to  utilize  the  unpolymerized 
styrene.  All  these  impurities  except  o-xylene,  which  boils  at 
144°  C.  (styrene  boils  at  145-146°  C.),  are  easily  removed  by  dis¬ 
tillation.  Therefore  the  analysis  of  styrene  for  o-xylene  is  often 
important. 

Luszczak  (4)  developed  a  method  for  the  determination  of  small 
amounts  of  xylene  in  xylene-toluene  vapor  mixtures  in  the  air 
within  buildings,  in  which  7  to  8  liters  of  air  were  shaken  for  half 
an  hour  in  a  flask  with  50  to  100  ml.  of  alcohol.  The  xylenes, 
which  give  the  same  millimolar  extinction  constant,  and  toluene, 
whose  extinction  curve  is  not  simultaneously  influenced,  were 
quantitatively  determined  from  the  ultraviolet  spectrum  of  the 
alcoholic  solution.  Luszczak  (5)  also  developed  a  similar  method 
for  the  determination  of  benzene,  toluene,  and  xylene  in  com¬ 
mercial  benzene. 

A  method  for  analysis  of  m-xylene  in  xylene  mixtures  by  nitra¬ 
tion  and  fractional  crystallization  of  2,4,6-trinitro-m-xylene  from 
acetone  was  described  by  Reichel  (7). 

Kester  and  Holmes  (3)  analyzed  mixtures  of  paraffins,  benzene, 
toluene,  and  xylene  by  means  of  fractionation  followed  by  sul- 
fonation  of  the  cuts.  Zaborowski  {12)  analyzed  various  mixtures 
of  xylene,  toluene,  and  gasoline  by  sulfonation  with  a  known 
amount  of  sulfuric  acid  and  titration  of  the  excess  acid. 

An  optical  method  was  developed  by  Schildwachter  ( 8 )  in 
which  vapors  of  methanol,  ethanol,  diethyl  ether,  pentane,  hex¬ 
ane,  heptane,  benzene,  toluene,  xylene,  and  various  petroleum 
and  coal-tar  benzines  were  determined.  The  requisite  percent¬ 
ages  were  calculated  from  data  obtained  by  means  of  an  inter¬ 
ferometer. 

Norris  ( 6 )  devised  a  method  for  the  determination  of  o-xylene 
in  xylene  mixtures  by  oxidation  with  potassium  permanganate 
to  the  corresponding  phthalic  acids,  which  were  separated  and 
determined.  However,  this  method  is  only  about  90%  quantita¬ 
tive. 


Although  some  of  these  methods  are  accurate,  none  seemed 
suitable  for  the  analysis  of  small  amounts  of  o-xylene  in  the  type 
of  samples  under  examination.  Furthermore,  infrared  methods 
{11)  for  o-xylene  are  not  possible  in  this  case  because  of  the  inter¬ 
ference  of  ethylbenzene.  Therefore  it  was  found  necessary  to  de¬ 
velop  an  entirely  new  procedure. 


OUTLINE 

I.  The  alkylbenzenes  are  separated  from  the  styrene,  1,4- 
vinylcyclohexene,  and  any  other  olefinic  compounds  present  by 
reacting  the  sample  with  aqueous  mercuric  acetate  and  subse¬ 
quently  steam-distilling  the  alkylbenzenes  from  the  reaction  mix¬ 
ture.  Ethylbenzene  is  used  as  a  carrier  in  the  steam-distillation 
to  aid  in  removing  the  o-xylene. 

Whitmore  ( 9 )  states  that  aqueous  mercuric  salts  add  the 
groups  - — HgX  and  — OH  to  the  double  bond  of  olefinic  com¬ 
pounds.  A  general  equation  for  this  reaction  may  be  shown  as 
follows: 

RCH=CH2  +  HgX2  +  H20  —  RCHOHCH2HgX  +  HX 

the  addition  in  general  following  Markownikoff’s  rule  {10),  mer¬ 
cury  going  to  the  carbon  having  the  most  hydrogen  atoms. 
With  styrene,  the  reaction  with  mercuric  acetate  would  be: 


CH=CH2 


V/ 


+  Hg(OOCCH3)2  +  H20 


CHOHCH2HgOOCCH3 


+  CH3COOH 


Mercuric  acetate  reacts-similarly  with  the  unsaturated  linkages 
of  the  1,4-vinylcyclohexene. 

In  a  few  instances,  particularly  with  the  propenyl  group, 
( — CH=CHCH3),  the  mercuric  salt  does  not  add  to  the  double 
bond,  but  instead  oxidizes  it  to  the  glycol  {1).  Thus,  if  this  reac¬ 
tion  occurred  with  styrene,  phenylglycol  would  be  produced: 
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/^iCH=CH2 

N/ 


+  2(CH3COO)2Hg  +  2H20  -> 


/XiCHOHCH2OH 

\/ 


+  2CH3COOHg  +  2CH3COOH 


The  formation  of  an  oily  liquid,  sparingly  soluble  in  water,  indi¬ 
cates  the  presence  of  organo-mercury  compounds,  while  the  ap¬ 
pearance  of  a  precipitate  of  mercurous  acetate  after  prolonged 
steam-distillation  indicates  the  formation  of  glycols.  It  is 
thought  that  both  reactions  occur,  although  in  what  proportion 
has  not  been  determined,  since  either  reaction  brings  about  the 
desired  result — viz.,  the  changing  of  all  olefinic  compounds  to 
compounds  that  are  not  steam-distillable. 

II.  The  alkylbenzenes,  after  removal  of  the  olefinic  com¬ 
pounds,  are  nitrated  by  means  of  a  suitable  nitrating  acid  and  the 
dinitro  compounds  are  treated  with  acetone  and  potassium  hy¬ 
droxide  in  accordance  with  the  Bost-E  icholson  color  test  {2). 
In  this  reaction  the  color  first  formed  by  dinitromonoalkylben- 
zene  is  a  deep  blue,  while  the  color  formed  by  dinitro-o-xylene  is 
a  deep  green.  The  green  color  in  the  presence  of  the  blue  cannot 
be  satisfactorily  measured  by  a  colorimeter.  However,  advan¬ 
tage  is  taken  of  the  fact  that  the  blue  color  gradually  changes  to 
a  purplish-red  under  the  influence  of  alkali,  while  the  green  color 
remains  and  is  measured  by  the  photoelectric  colorimeter.  To 
hasten  the  change  of  the  blue  color  and  make  the  red  less  intense, 
the  reaction  is  modified  by  the  addition  of  monoethanolamine. 


REAGENTS 

Propylene  Glycol.  This  reagent  should  be  of  a  good  grade, 
free  from  volatile  impurities  other  than  water. 

Mercuric  Acetate  Solution.  Dissolve  320  grams  of  reagent 
grade  mercuric  acetate  (anhydrous)  in  800  ml.  of  distilled  water 
(cold,  to  keep  formation  of  mercuric  oxide  at  a  minimum),  kilter 
into  a  1000-ml.  glass-stoppered  bottle.  On  long  standing  a  small 
amount  of  mercuric  oxide  will  form,  which  may  be  disregarded. 

Ethylbenzene,  xylene-free. 

Potassium  Hydroxide,  aqueous  50%  solution.  Dissolve  75.0 
grams  of  reagent  grade  potassium  hydroxide  pellets  in  75.0  ml. 

of  distilled  water.  . 

o-Xylene.  The  xylene  used  for  standards  in  this  investigation 
was  approximately  92%  o-xylene,  with  1  to  2%  of  p-xylene  and 
approximately  6%  of  m-xylene.  , 

Nitrating  Acid.  Mix  equal  parts,  by  volume,  of  concentrated 
c.P.  nitric  and  sulfuric  acids.  Keep  available  sufficient  of  a  single 
lot  of  this  mixture  to  complete  all  determinations  in  a  given  series 
of  analyses. 

Nitric  Acid,  concentrated  c.p.  _ 

Acetone,  reagent  grade.  In  this  case  also  the  accuracy  oi  tne 
colorimetric  determination  is  enhanced  if  the  reagent  is  kept  in  a 
single  lot  of  consistent  quality,  and  it  should  be  used  in  connec¬ 
tion  with  the  same  lot  of  nitrating  acid. 

Diethyl  Ether,  U.S.P.  .  ,  ,  .  f 

Monoethanolamine.  Use  a  technical  grade,  from  a  single  lot  ot 
consistent  quality  and  in  connection  with  the  same  lot  of  nitrating 
acid. 


APPARATUS 

A  300-ml.  Florence  flask  (flat-bottomed,  long-necked  with 
vial  mouth)  is  fitted  with  a  glass  standpipe  and  connected  with 
a  250-ml.  glass-stoppered  Erlenmeyer  flask.  The  Erlenmeyer  in 
turn  is  connected  with  an  upright  Liebig  condenser  fitted  with  an 
adapter  having  a  tip  of  such  size  that  it  can  be  inserted  into  the 
neck  of  a  Babcock  milk  testing  bottle.  The  latter  is  the  standard 
type  with  the  neck  graduated  from  0  to  8%,  each  numhered 
graduation  representing  0.20  ml.  The  diameter  and  length  of  the 
glass  tubing  connections  should  be  kept  small  to  aid  in  collecting 
the  organic  distillate  without  distilling  a  large  volume  of  water. 
Rubber  stoppers  are  used  to  complete  the  connections,  and  re¬ 
placed  from  time  to  time,  since  they  slowly  deteriorate.  . 

A  shaker  on  which  250-ml.  Erlenmeyer  flasks  may  be  placed  is 
needed.  A  second  shaker  is  required,  to  which  is  attached  a  small 
box  with  a  snug  hinged  cover  and  painted  black  inside.  A  sponge- 
rubber  mat  with  openings  to  accommodate  two  30-ml.  (1-ounce) 
bottles  is  placed  in  this  box.  The  bottles  are  the  narrow-mouthed 


Table  1.  Sample  Size 

o-Xvlene 

Sample 

Alkylbenzene 

% 

Ml. 

Ml. 

Nil-0 . 10 

5.0 

0.15-0.20 

0.10-0.5 

5.0 

0.20-0.25 

0.50-1.0 

3.0 

0 . 2-0 . 3 

1 . 0-3 . 0 

3.0 

0.4-0. 6 

3. 0-6.0 

3.0 

0.6-0. 8 

6.0-20 

2.0 

0.5-0. 7 

20-50 

1.0 

0.4-0. 9 

French  square  type,  fitted  with  silver  foil-lined  screw  caps. 

In  this  investigation  the  second  shaker  was  a  Fisher  Scientific 
Co.  model  No.  6-213A,  oscillating  275  to  285  times  per  minute. 

Another  small  box  with  black  interior  is  required.  Any  small 
cardboard  box  with  cover  will  do.  In  this  investigation  the  box 
was  a  cube  measuring  12.5  cm.  (5  inches)  on  the  side. 

A  photoelectric  colorimeter  equipped  with  the  proper  filters  j 
is  required.  A  Lumetron  model  402-EM  instrument,  fitted  with  a 
B660  filter,  was  used  in  this  investigation.  Of  those  available, 
this  filter  was  found  to  be  most  efficient  in  preventing  interference 
from  the  red  color  of  dinitroethylbenzene,  etc.,  at  the  same  time 
allowing  full  measurement  of  the  green  color  of  dinitro-o-xylene. 

Other  necessary  apparatus  includes  capillary-tipped  pipets 
made  from  medicine  droppers,  an  interval  timer  or  stopwatch, 
and  a  centrifuge  for  the  Babcock  bottles. 


SAMPLE  SIZE 

If  the  mixture  is  predominantly  alkylbenzene,  a  1-ml.  sample  is 

satisfactory.  .  ,  .  , . 

With  samples  consisting  largely  of  unsaturates,  it  is  desirable 
to  strike  a  balance  between  sample  size  and  the  volume  of  alkyl¬ 
benzenes  distilled  over,  depending  on  the  percentage  of  o-xylene. 
When  the  o-xylene  content  is  low,  the  smallest  practicable  amount 
of  ethylbenzene  is  added  to  the  sample  to  obtain  a  maximum 
concentration  of  o-xylene  for  the  colorimetric  determination. 
When  the  o-xylene  content  is  high,  more  ethylbenzene  should  be 
added  to  increase  the  volume  of  alkylbenzenes,  thus  preventing 
too  high  a  concentration  of  o-xylene.  If  sufficient  or  more  than 
sufficient  alkvlbenzene  is  already  present,  no  ethylbenzene  is 
added.  Table  I  serves  as  a  guide  for  the  proper  sample  size. 


PROCEDURE 

When  a  sample  contains  more  than  99%  styrene  and  less  than 
0  5%  o-xylene,  the  procedure  is  as  follows:  Place  60  ml.  of  pro¬ 
pylene  glycol  in  a  clean  250-ml.  glass-stoppered  Erlenmeyer  flask 
and  add,  by  means  of  a  pipet,  5.0  ml.  of  the  styrene  sample. 
Determine  the  sample  weight  by  weighing  a  similar  amount. 
Add  0.20  ml.  of  xylene-free  ethylbenzene  to  act  as  carrier  for  the 
o-xylene,  then  add  75  ml.  of  the  mercuric  acetate  solution,  stop¬ 
per  the  flask,  securing  the  stopper  firmly  with  friction  tape,  and 
shake  vigorously  on  a  shaking  machine  for  2  hours. 

Connect  the  flask  with  the  distillation  apparatus  and  steam- 
distill  the  ethylbenzene  and  o-xylene  into  the  Babcock  bottle. 
Boil  the  water  in  the  steam  generator  before  heating  the  contents 
of  the  Erlenmeyer  flask,  in  order  to  shorten  the  time  the  solution 
is  hot  while  the  alkylbenzenes  are  distilled  Continue  the  dis¬ 
tillation  until  the  bottle  is  about  one-third  full,  or  until  just 
before  the  appearance  of  crystals  of  mercurous  acetate,  which 
rarely  occurs  before  35  to  40  ml.  of  distillate  have  been  collected 
Fill  the  Babcock  bottle  with  distilled  water  and  centrifuge  at 
1500  r.p.m.  for  5  minutes.  Measure  and  record  the  volume  ot  the 
alkylbenzene  layer.  By  means  of  a  capillary-tipped  dropping 
pipet  transfer  the  alkylbenzene  layer  to  a  small  vial,  to  be  used 
as  needed.  The  balance  of  the  analysis  should  be  completed 
within  one  working  day,  since  the  dimtro  compounds  decompose 

upon  long  standing.  ^ 

Using  a  0.1-njl.  serological  pipet  graduated  in  0.01  ml.,  trans¬ 
fer  0  050  ml.  of  the  alkylbenzene  mixture  in  the  vial  into  the  neck 
of  a  clean,  dry  200-ml.  volumetric  flask,  and  wash  immediately 
into  the  flask  with  10.0  ml.  of  nitrating  acid  mixture,  bhake  the 
flask  for  a  few  seconds,  then  allow  it  to  stand  for  1  hour  with  oc¬ 
casional  shaking,  and  finally  allow  it  to  cool  in  an  ice  bath. 

Gradually  add  25  to  30  ml.  of  distilled  water,  while  shaking 
the  flask,  then  add  10.0  ml.  of  concentrated  nitric  acid  to  dissolve 
the  nitro  compounds  or  to  keep  them  in  homogeneous  suspension. 
Fill  the  flask  to  the  mark  with  distilled  water  Accurately  pipet 
a  5  0-ml.  aliquot  of  this  solution  into  a  small  separatory  funnel 
containing  10  ml.  of  distilled  water.  Make  the  solution  in  the 
funnel  alkaline  with  1.0  ml.  of  50%  potassium  hydroxide;  if  the 
solution  is  made  too  basic  the  subsequent  development  of  the 
colors  may  be  lessened.  Extract  the  alkaline  solution  with  U 
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Table  II.  Analyses  of  Known  Solutions 


o-Xylene 

o-Xylene  from 

Total  o-Xylene 

o-Xylene  Found 

Added 

Stock  Solution 

Present 

% 

% 

% 

% 

0.04 

0.08 

0.12 

0.09,0.13,0.12 

0.37 

0.08 

0.45 

0.41,  0.42 

3.69 

0.08 

3.77 

3.82,3.57,3.73 

10.8 

0  07 

10.9 

11.0, 10.9 

48.8 

0.04 

48.8 

49.0,  48.2 

o-xvlene  in  styrene  for  stock  solution  =■  0.06,  0.07, 

00 

o 

© 

00 

o 

o 

o-xylene  in 

stock  solution  = 

0.08,  0.09. 

nl.  of  diethyl  ether,  and  again  with  5  ml.  of  ether,  collecting  the 
ixtracts  in  a  clean,  dry  1-ounce  narrow-mouthed  French  square 
jottle.  Gently  evaporate  the  ether  on  a  steam  bath,  leaving  the 
litro  compounds  and  the  water  which  was  dissolved  in  ether, 
lake  care  to  evaporate  just  the  ether;  evaporation  of  all  or  part 
)f  the  water  will  lessen  the  intensity  of  the  colors. 

Pipet  20.0  ml.  of  acetone  and  1.0  ml.  of  monoethanolamine 
nto  the  1 -ounce  bottle  and  add  2.0  ml.  of  50%  potassium  hy- 
iroxide  from  a  buret.  Close  the  bottle  tightly  with  the  silver 
;oil-lined  screw  cap,  place  it  in  the  box  on  the  shaker,  and,  start- 
ng  the  timer  from  zero,  shake  the  bottle  for  15.0  minutes.  Leav- 
ng  the  timer  in  operation,  transfer  the  bottle  to  the  black  card- 
aoard  box,  and  allow  it  to  stand  so  that  the  caustic  solution  settles 
3ut  of  the  colored  acetone  solution.  After  17.0  minutes  from  the 
start  of  the  shaking,  fill  a  10-mm.,  10-ml.  absorption  cell  with  the 
solution  and  immediately  read  the  per  cent  transmittance  on  the 
colorimeter,  using  a  B660  and  neutral  gray  filter  with  the  trans¬ 
mittance  of  water  at  100%.  Record  the  first  reading.  Read  the 
per  cent  o-xylene  from  a  curve  prepared  by  running  the  same 
procedure  on  known  solutions  of  ethylbenzene  and  o-xylene. 

CALCULATION 

Calculate  the  per  cent  o-xylene  in  the  original  sample  as  fol¬ 
lows: 

A(B  +  C)DE  _  cent  ^  weight)  of  o-xylene 
sample  weight 

where  A  =  volume  per  cent  of  o-xylene  in  alkylbenzenes.  This 
figure  is  obtained  by  the  colorimetric  procedure. 

B  =  ml.  of  alkylbenzenes.  This  figure  is  obtained  by  reading 
the  volume  of  the  alkylbenzenes  distilled  into  the  Babcock  bottle. 

C  «=  volume  increment.  If  only  the  volume  of  alkylbenzenes 
actually  measured  in  the  Babcock  bottle  (B,  above)  is  used  in 
calculating  the  per  cent  of  o-xylene,  the  results  will  be  low,  owing 
to  mechanical  loss  and  the  solubility  of  the  alkylbenzenes  in 
water.  The  volume  of  this  loss  may  be  obtained  by  running 
several  known  synthetic  samples  containing  up  to  5  to  6%  of 
o-xylene,  using  the  same  o-xylene  that  was  used  in  making  the 
curve,  and  adding  empirically  the  volume  increment  necessary 
to  obtain  the  correct  answer.  This  volume  increment  is  constant, 
and  with  the  apparatus  and  Babcock  bottles  used  in  this  proce¬ 
dure  was  found  to  be  0.05  ml. 

D  =  correction  factor.  This  factor  is  necessary  when  impure 
o-xylene  is  used  in  preparing  the  curve.  In  this  investigation 
92%  o-xylene  containing  6%  m-xylene  and  2%  p-xylene  was 
used,  and  the  error  introduced  by  the  meta  and  para  isomers  in 
making  up  the  curve  was  negligible,  the  correction  factor  being 

E  =  specific  gravity  of  o-xylene.  The  figure  0.87  was  used. 

ANALYTICAL  DATA 

A  stock  solution  was  prepared  by  mixing  together  175  ml.  of 
styrene,  15  ml.  of  1,4-vinylcyclohexene,  and  5  ml.  of  ethylben¬ 
zene.  Various  solutions  of  known  o-xylene  content  were  prepared 
from  this  stock  solution  and  o-xylene.  Results  of  analyses  of  these 
known  solutions  are  shown  in  Table  II. 

ERRORS  INTRODUCED  BY  OTHER  COMPOUNDS 

Using  pure  chemicals,  the  colorimeter  readings  given  by  vari¬ 
ous  compounds  possibly  occurring  in  the  samples,  as  well  as  the 
calculated  percentage  error  if  5.0%  of  the  compound  were  pres¬ 
ent,  are  given  in  Table  III.  Since  propylbenzene,  isopropyl¬ 
benzene,  and  diethylbenzene  boil  well  above  styrene  and  o- 
xylene,  while  benzene  and  toluene  boil  wrell  below,  styrene  and 
o-xylene  can  be  readily  fractionated  out. 


DISCUSSION 

In  general,  15  ml.  of  mercuric  acetate  reagent  are  used  for 
each  milliliter  of  sample.  This  gives,  roughly  1.5  moles  of  mer¬ 
curic  acetate  per  mole  of  sample,  a  sufficient  excess.  One  excep¬ 
tion  is  when  the  sample  contains  considerable  1,4-vinylcyclohex¬ 
ene;  because  this  compound  has  two  olefinic  linkages,  a  greater 
proportion  of  mercuric  acetate  must  be  added.  If  the  sample 
contains  but  a  small  amount  of  olefinic  compounds,  less  reagent 
may  be  added  if  desired. 

Usually  the  volume  of  propylene  glycol  added  is  the  same  as 
that  of  the  mercuric  acetate  reagent.  However,  if  a  5.0-ml. 
sample  is  required,  60  ml.  of  propylene  glycol  are  added  even 
though  75  ml.  of  mercuric  acetate  reagent  are  used.  This  cuts 
down  the  volume  of  liquid  in  the  Erlenmeyer  flask.  Ethylene 
glycol  may  be  used,  but  its  solvent  action  is  not  so  great. 

The  contents  of  the  flask  after  shaking  will  be  a  clear,  water- 
white  solution  on  polymer-free  samples.  However,  any  sample 
that  can  be  pipetted,  even  with  great  difficulty,  does  not  contain 
enough  polymer  to  affect  greatly  the  accuracy  of  the  determination 
if  the  o-xylene  content  is  below  0.5%. 

The  precaution  of  boiling  the  water  in  the  steam  generator 
before  heating  the  contents  of  the  Erlenmeyer  flask  makes  it 
possible  to  complete  the  steam-distillation  before  the  occurrence 
of  a  secondary  reaction  in  which  mercurous  acetate  precipitates 
and  a  small  amount  of  an  oily  liquid  distills  over,  lessening  the 
accuracy  of  the  determination.  A  small  amount  of  acetic  acid 
distills  over  also,  but  it  offers  no  interference. 

In  the  colorimetric  determination  the  first  reading  is  taken  be¬ 
cause  the  colors  produced  slowly  fade  when  subjected  to  fight. 

The  smaller  the  percentage  of  o-xylene,  the  smaller  is  the 
absolute  error  introduced  from  reading  the  volume  of  alkyl¬ 
benzenes  and  the  greater  is  the  sensitivity  of  the  colorimetric 
curve;  thus  samples  containing  less  than  0.2%  of  o-xylene  and 
not  more  than  5%  of  alkylbenzenes  can  be  determined  with  an 
accuracy  of  =*=0.01  %.  When  greater  accuracy  is  desired  or  lower 
concentrations  are  to  be  determined,  samples  may  be  fractionated 
and  the  analyses  made  on  selected  cuts.  Less  than  0.01  %  o-xylene 
can  be  detected  in  a  given  sample.  When  large  amounts  of  alkyl¬ 
benzenes  are  present  it  is  advisable  to  fractionate  the  material 
and  determine  the  o-xylene  on  the  proper  fractions. 


Table  III.  Errors  Introduced 


Compound 
Ethylbenzene 
Isopropylbenzene 
Propylbenzene 
Toluene 
Benzene 

Diethylbenzene  (mixture  of  isomers?) 
m-Xylene® 
p-Xylene 

°  m-Xylene  containing  10%  o-xylene  L 
corrected  by  use  of  the  curve,  indicates  a  reading  of  100  for  pure  wi-xylene. 


Reading 

%  Error 

for  Pure 

if  5.0% 

Compound 

Present 

93.6 

Nil 

95.4 

-0.04 

94.4 

-0.02 

82.5 

+0.28 

89.7 

+0.09 

97.3 

-0.09 

100.0 

-0.  16 

97.7 

-0. 10 

a  reading  of  79.8 

which,  when 
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Laboratory-Size  Glass  Circulating  Evaporator 

D.  T.  MITCHELL,  PAUL  SHILDNECK,  and  JAMES  DUSTIN 
A.  E.  Staley  Mfg.  Co.,  Decatur,  III. 


THE  evaporation  of  solutions  for  the  purpose  of  reducing 
volume  and  concentrating  solids  is  one  of  the  more  fre¬ 
quently  encountered  operations  common  to  many  academic  and 
industrial  laboratory  research  problems.  Strangely  enough, 
this  unit  operation  has  received  very  little  critical  attention  and 
in  most  laboratories  is  carried  out  much  as  has  been  the  custom 
■of  the  last  30  years  with  a  steam  cone  and  round-bottomed  flask 
as  the  basic  apparatus.  This  paper  describes  a  convenient  and 
■compact  apparatus  modeled  along  the  lines  of  large  industrial 
units  commonly  used  for  the  evaporation  of  aqueous  solutions 
to  make  possible  recovery  of  dissolved  solids. 


The  glass  parts  of  the  heat  exchanger  were  constructed  by 
sealing  five  0.375-inch  outside  diameter  (standard-wall  10-mm. 
Pyrex)  pieces  of  tubing  between  two  small  bulbs.  One  tube  was 
■centered  from  bottom  to  bottom  between  the  two  bulbs  and  then 
four  additional  tubes  were  sealed  in  on  the  corners  of  an  imag¬ 
inary  square  with  a  diagonal  equal  to  the  diameter  of  the  bulbs. 
The  packing  glands  were  the  conventional  gland,  string  packing, 
and  follower  type.  The  gland  bodies  were  brazed  to  the  end 
plates  of  the  metal  heat-exchanger  jacket.  Since  only  one  end 
plate  need  be  removed  in  order  to  assemble  the  heat  exchanger, 
one  end  only  was  fixed  to  the  metal  jacket  by  means  of  six  bolts 
on  a  9-cm.  (3.625-inch)  bolt  circle,  this  end  of  the  heat  exchanger 
jacket  and  the  jacket  end  plate  being  fitted  with  companion 
flanges.  The  other  end  plate  was  brazed  to  the  jacket. 

Instead  of  the  rubber  sleeve  connections  shown  in  Figure  1, 
standard-taper  ball  and  socket  glass  joints  may  be  substituted. 
This  aids  somewhat  in  assembly  and  disassembly  and  removes 
danger  of  contamination  from  anything  save  glass. 

The  glass  tubes  shown  entering  the  evaporator  bowl  and  the 
■centrifugal  separator  were  bent  at  right  angles  to  the  line  of  entry 
In  a  plane  parallel  to  the  floor,  in  order  that  they  might  deliver 
vapor  tangential  to  the  wall  and  thus  impart  a  rapid  swirling 
motion  to  the  vapor  in  these  two  parts  of  the  apparatus. 

In  principle  this  evaporator  functions  as  do  any  of  the  long- 
tube  natural  circulating  evaporators  found  in  the  chemical  in¬ 
dustry.  The  liquor  to  be  concentrated  is  fed  into  the  evaporator 
below  the  level  of  the  heat  exchanger.  The  liquor  in  the  heat 
exchanger  tubes  boils,  and  the  vapor  rising  as  froth  forces  slugs 
of  liquor  ahead  of  it  at  high  velocity  up  the  tubes  and  out  into 
the  disengaging  space  in  the  evaporator  bowl.  As  the  system 
repeats  this  process,  the  liquor  is  rapidly  circulated  from  heat 
•  exchanger  to  bowl  to  return  line  to  heat  exchanger,  etc.  The 
distinctive  advantage  of  this  type  of  evaporator  lies  in  the  high 
.coefficient  of  heat  transfer  realized,  due  to  the  great  velocity  of 
the  liquid  over  the  heating  surface.  The  character  of  the  flow  of 
diquid  and  vapor  through  the  tubes  guarantees  a  thorough  and 
rapidly  repeated  wetting  of  the  whole  heating  surface. 

To  operate  the  apparatus,  vacuum  is  applied  to  the  receiver 
and  liquid  drawn  up  until  the  larger  bowl  is  filled  to  within  2.5 
or  5  cm.  (1  or  2  inches)  of  the  vapor  inlet.  The  liquor  feed  line 
is  then  shut  by  means  of  a  screw  clamp  on  a  section  of  rubber 
hose.  The  pressure  is  allowed  to  come  to  a  minimum,  or  to 
.some  predetermined  pressure  if  a  vacuum  controller  is  to  be 
used.  An  intermittent  leaks  type  of  vacuum  controller  with  an 
electrically  actuated  valve  working  from  one  of  the  conventional 
mercury-filled  U-tube  manostats  is  to  be  recommended,  since 
the  evaporator  will  operate  much  more  smoothly  at  constant 
pressure.  Steam  is  then  turned  on  the  jacket.  The  steam  con¬ 
densate  line  is  conveniently  placed  below  the  surface  of  the  water 
emerging  from  the  surface  condenser.  No  positive  steam  pressure 
is  needed  for  aqueous  solutions.  The  solution  in  the  small  tubes 
of  the  heat  exchanger  rapidly  comes  to  boil  and  emerges  from  the 
top  of  the  exchanger  as  a  mixture  of  vapor  and  entrained  liquor. 
The  charge  in  the  evaporator  rapidly  comes  to  its  boiling  point 
as  the  liquor  circulates.  The  vapor  and  liquor  emerging  from 
the  vapor  outlet  are  given  a  circular  motion  by  the  bend  in  the 
.  end  of  the  vapor  outlet.  The  centrifugal  force  developed  throws 
all  drops  of  liquor  or  foam  against  the  evaporator  sides  where 
they  run  down  at  once  to  the  charge  in  the  bowl.  Any  foam  or 
.  entrainment  not  removed  by  the  first  centrifugal  separator  is 
i  taken  out  by  the  second. 


ADVANTAGES  OF  APPARATUS 

The  unit  will  closely  duplicate  results  obtained  with  tube 
evaporators  of  commercial  size.  Protein  or  other  food  product 
solutions,  almost  impossible  to  handle  in  a  flask  because  of  ex¬ 
cessive  foaming,  may  be  evaporated  with  little  or  no  difficulty. 

Bumping  is  eliminated  in  most  cases.  When  it  does  occur  it 
results  rather  in  a  surging  action  in  the  heat  exchanger  tubes. 
This  can  be  overcome  if  desired  by  allowing  a  small  stream  of  air 
bubbles  to  enter  the  system  by  cracking  the  clamp  on  the  liquor 
inlet  line,  which  in  this  case  must  now  open  to  the  atmosphere. 

Evaporation  is  rapid  as  compared  with  the  usual  setup  and 
extremely  so  for  glass  surfaces  exposed  to  steam. 

Heat-sensitive  materials  receive  a  minimum  of  damage. 

The  recovery  of  solids  from  a  solution  is  satisfactory.  Aqueous 
solutions  of  organic  or  inorganic  material  on  being  evaporated 
to  where  solids  separate  in  general  give  small  crystal  size  with  but 
little  tendency  to  crust  on  the  inner  .surfaces  of  the  evaporator. 
Crusting  is  apparently  prevented  by  the  scouring  action  of  the 
rapidly  circulating  liquor. 

The  unit  may  be  used  for  continuous  evaporation.  In  this 
event  the  liquor  inlet  is  used  for  continuous  feeding  of  fresh 
liquor  and  the  finished  liquor  is  drawn  off  continuously  through 
a  T  in  the  return  down-leg  line. 

The  unit  may  be  easily  dumped,  cleaned,  and  refilled.  Dump- 
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Table  I.  Operation  Characteristics 


(Wall  thickness  of  heat  exchanger  tubes,  6/im  inch) 


HiO 

H.O 

B.t.u./Sq. 

Hg 

Liquor 

Steam 

Evapo¬ 

Glass 

Evapo¬ 

Ft. /Hour/ 

’reesure 

Temp. 

Temp. 

T 

rated 

Surface 

rated 

o  p 

Lb. /hr./ 

Mm. 

o  p 

o  p_ 

Lb. /hr. 

Sq.  ft. 

sq.  ft. 

103 

126 

212 

86 

11.40 

0.955 

11.95 

142 

85 

119 

212 

93 

12.15 

0.955 

12.73 

140 

65 

109.5 

212 

102.5 

13.15 

0.955 

13.78 

138.5 

Operation  of  12-liter  flask  on 

a  steam  cone 

97 

123.8 

212 

88.2 

10.35 

1.88 

5.5 

66.2 

ng  merely  requires  the  vacuum  to  be  released,  after  which  the 
lharge  will  flow  out  under  gravity.  To  recover  the  liquor  or 
crystals  adhering  to  the  interior  walls,  it  is  only  necessary  to  draw 
ip  about  50  to  100  cc.  of  water  into  the  evaporator,  allow  the 
vacuum  to  build  to  a  few  hundred  millimeters’  pressure,  and  then 
suddenly  open  the  inlet  line.  The  rapid  surge  of  air  up  through 


the  heat  exchanger  tubes  throws  the  small  amount  of  wash  liquor 
around  violently,  and  on  releasing  the  vacuum,  it  drains  out  and 
carries  with  it  the  portion  of  the  original  charge  remaining  on 
the  walls  of  the  apparatus. 

With  pure  water  this  evaporator  has  the  operation  character¬ 
istics  shown  in  Table  I. 

The  authors  have  several  such  units  in  use  in  their  labo¬ 
ratories,  ranging  from  several  times  the  size  shown  to  small 
units  suitable  for  handling  as  little  as  100  cc.  For  the  smaller 
units  the  heat  exchanger  is  usually  made  up  with  only  one 
glass  tube  through  the  steam  jacket.  The  jacket  is  commonly 
made  from  scrap  thin-walled  boiler  tubes,  with  rubber  stoppers 
replacing  the  two  packing  glands  on  the  jacket. 

This  type  of  evaporator  may  be  fabricated  from  standard 
Pyrex  tubes  and  flasks,  or  may  be  purchased  complete  from 
suppliers  of  special  glass  apparatus.  (Ace  Glass,  Inc.,  has 
indicated  a  willingness  to  fabricate  such  an  apparatus  in  any  size 
desired.) 


Identification  of  Some  Important  Unsulfonated 

Azo-2-naphthol  Dyes 

LOUIS  KOCH,  ROBERT  F.  MILLIGAN,  and  SAMUEL  ZUCKERMAN 

H.  Kohnstamm  Research  Laboratories,  Brooklyn,  N.  Y. 


A  rapid  and  simple  method  has  been  developed  for  the  identifica¬ 
tion  of  unsulfonated  azo-2-naphthol  dyes,  by  catalytic  reduction  of 
the  azo  bond,  and  the  separation  of  the  scission  products  with  im¬ 
miscible  solvents,  under  controlled  acid  and  alkaline  conditions. 
Direct  formation  of  the  stable  benzoyl  derivatives  of  the  reduction 
products  precludes  the  necessity  of  isolating  sensitive  diamines  and 
triamines. 


AZO  dyes  prepared  from  diazotized  primary  aromatic  amines 
and  2-naphthol  constitute  an  important  series  of  commer¬ 
cial  colors,  and  their  identification  is  important  to  the  dyestuff 
chemist.  Several  analytical  methods  have  been  proposed,  among 
which  are  hydrogenation  of  the  azo  bond  ( 2 ,  3, 10,  11, 13),  scission 
of  the  azo  link  with  fuming  nitric  acid  (7,  8,  9),  and  schematic 
identification  by  means  of  immiscible  solvents  (4,  5,  6). 

Whitmore  and  Revukas  (10,  11)  have  shown  the  applicability 
of  catalytic  reduction  to  azo  colors  by  the  use  of  Raney  nickel. 
Their  procedure,  however,  involves  moderately  expensive  equip¬ 
ment  and  consumes  considerable  time  when  nitrated  dyes  are 
hydrogenated,  and  they  report  that  the  isolation  and  identifica¬ 
tion  of  the  reduction  products  are  “laborious”. 

This  pappr  proposes  a  rapid  and  simple  method  for  the  separa¬ 
tion  and  characterization  of  the  hydrogenation  compounds  which 
is  based  upon  their  differential  solubility  in  water  and  ether  under 
varying  acid  and  alkaline  conditions. 

Cheronis  and  Koeck  (1)  have  devised  a  simple  semimicro 
hydrogenation  apparatus,  obtainable  from  the  Wilkens-Anderson 
Company  of  Chicago,  which  the  authors  find  very  adaptable  to 
the  reduction  of  azo  colors.  Utilizing  this  outfit,  it  is  possible  to 
hydrogenate  this  series  of  dyes  in  peroxide-free  dioxane  (11), 
smoothly  and  quickly.  Subsequent  isolation  of  the  reduction 
products,  by  the  immiscible  solvent  procedure,  and  direct  con¬ 
version  into  their  benzoyl  derivatives,  eliminate  the  necessity  of 
recovering  the  sensitive  free  amines. 

Partial  dehalogenation  of  chlorinated  dyes,  an  inevitable 
accompaniment  of  all  attempted  reductions  in  neutral  solvents, 


was  overcome  by  acidification  of  the  peroxide-free  dioxane  before 
hydrogenolysis  of  the  color. 

GENERAL  PROCEDURE 

Purification  of  Samples.  The  coloring  matter  is  purified 
by  crystallization  from  dioxane,  and  if  or  when  necessary,  water 
is  added  to  this  solvent  to  induce  precipitation. 

Preparation  of  Reduction  Products.  Freshly  ground 
Adams- Voorhees  platinum  oxide  (0.05  gram)  is  placed  in  the 
Cheronis  hydrogenating  unit,  and  the  catalyst  is  suspended  in  25 
ml.  of  peroxide-free  dioxane.  {lydrogen  gas,  preferably  from  a 
tank,  is  bubbled  through  the  suspension  for  2  to  5  minutes,  in 
order  to  convert  the  platinum  oxide  to  colloidal  platinum  black. 

Then  1  gram  of  dye  and  2.5  ml.  of  concentrated  hydrochloric 
acid  are  added  to  the  platinum  black  suspension,  the  hydrogenat¬ 
ing  unit  is  heated  by  immersion  in  hot  water,  80°  to  90°  C.,  and 
hydrogen  gas  is  passed  through  the  mixture  af  such  a  rate  that 
continuous  agitation  is  maintained.  (Occasionally  ,  the  reduction 
products  will  clog  the  disperser,  and  it  is  convenient  to  have  a 
clean  one  available  for  quick  replacement.  If  a  second  unit  is 
not  on  hand,  it  is  necessary  to  remove  the  clogged  disperser,  and 
to  clean  it  by  immersion  in  a  test  tube  containing  hot  dioxane. 
At  or  near  the  completion  of  the  hydrogenolysis,  it  is  advisable  to 
wash  down  any  dye  particles  adhering  to  the  sides  of  the  tube, 
with  5  to  10  ml.  o.  dioxane.) 

Separation  of  the  Reduction  Products.  If  a  precipitate 
of  the  reduction  products  forms  in  the  acidified  dioxane  solution, 
it  is  redissolved  by  the  addition  ot  5  to  10  ml.  of  water  and  filtered 
into  a  500-ml.  Squibb  separatory  funnel.  The  filtrate  is  buffered 
with  250  ml.  of  a  5%  sodium  acetate  solution,  and  the  ether- 
soluble  amino-2-naphthol,  whose  presence  is  indicated  by  a  blue 
fluorescen  e,  and  any  primary  monoamine,  are  extracted  with 
two  successive  100-ml.  portions  of  ether. 

The  aqueous  layer,  containing  any  water-soluble  primary  poly¬ 
amine,  is  separated  from  the  ether  and  intimately  mixed  with  5 
ml  of  benzoyl  chloride.  The  combined  ether  fractions  are 
washed  with  two  50-ml.  volumes  of  water,  to  remove  residual 
polyamine,  and  the  washings  are  run  into  the  benzoylation  mix¬ 
ture.  Then  10  grams  of  solid  sodium  hydroxide  are  added,  suffi¬ 
cient  to  make  the  aqueous  solution  alkaline,  and  after  standing  at 
room  temperature  for  30  minutes,  with  frequent  stirring,  the  mix¬ 
ture  is  placed  on  the  steam  bath  to  expel  dissolved  ether.  The 
benzoyl  derivative  of  the  diamine  or  triamine,  which  separates  as 
a  solid,  is  filtered  off,  washed  thoroughly  with  water,  and  crystal¬ 
lized  from  a  suitable  solvent. 
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Table  I.  Identification  of  Unsulfonated  Azo-2-Naphthol  Dyes 


Dye 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 


17. 

18. 

19. 

20. 


21. 

22. 


Benzeneazo-2-naphthol°>  & 

2- Methylbenzeneazo-2-naphthol 
4-Ethoxybenzeneazo-2-naphthol 
4-Methylbenzeneazo-2-naphthol 
4-Methoxvbenzeneazo-2-naphthol 

3-  Methylbenzeneazo-2-naphtbol 

2- Ethoxybenzeneazo-2-naphthol 

2.5- Dimethylbenzeneazo-2-napbthol 

2.4.5- Trimethylbenzeneazo-2-naphthol 

2.4- Dimethylbenzeneazo-2-napbtbol4 

3- Chlorobenzeneazo-2-naphtbol 

4- Chlorobenzeneazo-2-naphthol' 
2-Chlorobenzeneazo-2-naphtbol 
2-Metbyl-4-chlorobenzeneazo-2-naphthol 

2- Methyl-5-chlorobenzeneazo-2-naphthol 

3- Methylbenzeneazo-3'-methylbenzene- 
azo-2-naphthol 

2-Methoxybenzeneazo-2-naphthol 

2-Naphthaleneazo-2-napbtbol 

2.5- Dichlorobenzeneazo-2-naphthol7 

2- Metbylbenzeneazo-2'-metbylbenzene- 
azo-2-naphthol 

3- Nitrobenzeneazo-2-naphthol 
Benzeneazobenzeneazo-2-napbtbol 


23. 

24. 

25. 

26. 

27. 

28. 
29. 


30. 

31. 
.32. 


2-Nitro-4-methoxybenzeneazo-2-naphthol 

5-Nitro-2-methylbenzeneazo-2-naphthol 

2-Nitrobenzeneazo-2-naphthol 

1- Naphthaleneazo-2-naphthol 
4-Nitro-2-methylbenzeneazo-2-napbthol 
4-Chloro-2-nitrobenzeneazo-2-naphthol* 
2,5-Dimethylbenzeneazo-2',5'-dimethyl- 

benzeneazo-2-naphthol 

2- Nitro-4-methylbenzeneazo-2-naphthol 
2-Cbloro-4-nitrobenzeneazo-2-napbtbolm 
2,4-Dinitrobenzeneazo-2-naphthol'* 


Melting  Point 
Observed 

(uncor-  Lit  era- 

Reduction  Products  of 

Melting  Point  of 

Benzoyl  Derivative  of 
Reduction  Product  of 

Diazo  Component 
Observed 

Reductif 

rected) 

tore 

Diazo  Component 

(uncorrected) 

Literature 

Time 

°  C. 

0  C. 

°  C. 

°  C. 

Min. 

131-2 

131 

Aniline 

162-3' 

163 

15 

132-3 

128 

o-Toluidine 

144-5' 

145-6 

20 

1(33-4 

140 

p-Pbenetedine 

172-3' 

173 

25 

133-4 

130 

p-Toluidine 

157-8' 

157 

10 

140-1 

139 

p-Anisidine 

155-6' 

156 

30 

140-1 

140 

m-Toluidine 

123-4' 

125 

15 

142-3 

145 

o-Phenetedine 

Oil 

20 

152-3 

156 

p-Xylidine 

147-8' 

140 

15 

155—7 

Pseudocumidine 

169-70' 

162 

15 

160-1 

166 

m-Xylidine 

193-4' 

192 

15 

30 

160-1 

fn-Chloroaniline 

120-21' 

118-20 

161-2 

i60 

p-Chloroaniline 

191-2' 

192-3 

30 

167-8 

167 

o-Chloroanilin® 

104-5* 

99-101 

30 

170-1 

172 

2-Methyl-4-chloroaniline 

142-3'-  « 

90 

176-7 

2-M  eth  yl-5-chloroaniline 

171-2'-  / 

30 

175-7 

m-Toluidine 

123-4' 

i25 

20 

180-1 

180 

2-M  et  by  1-p-phenylenedia  mine 
o-Anisidine 

301-20-  h 

Oil 

59.8 

10 

181-2 

174 

2-Naphthylamine 

160-1* 

161 

20 

183-4 

2,5-Dichloroaniline 

119-20' 

120 

30 

188-9 

o-Toluidine 

144-5' 

145-6 

30 

196-7 

194 

2-Methyl-p-phenylenediamine 

m-Phenylenediamine 

301-20.  h 
241-20 

240 

40 

199-200 

202 

Aniline 

162-3' 

163 

90 

206-7 

206 

p-Phenylenediamine 

4-Methoxy-o-phenylenediamine 

338-90 

251-20 

Over  300 
251-2 

65 

210-11 

l-Methyl-2,4-phenylenediamine 

225-60 

224 

45 

213-4 

212 

o-Phenylenediamine 

303-40 

301 

30 

232-3 

224 

1-Naphthylamine 

158-9* 

156, 161-2 

20 

251-2 

248 

2-Methyl-l,4-phenylenediamine 

301-20.  A 

30 

255—6 

252 

4-Chloro-o-phenylenediamine 

226-74 

230 

55 

263-4 

p-XyBdine 

147-8' 

148 

120 

273-4 

278 

2,5-Dimethyl-p-phenylenediamine 

4-Methyl-o-phenylenediamine 

311-120. 1 
263-40 

263-4 

150 

289-90 

282 

2-Chloro-p-phenylenediamine 

239-40' 

228 

50 

312-13 

302 

1,2,4-Triaminobenzene 

278-9°.  P 

260 

50 

a  Tbe  nomenclature  follows  the  numbering  systems  shown  below: 
3 2  HO  3  2 

4<_J>“N-N-<  > 

5  6  /  \  5  6' 


HO 


1^>— N=N— <^1'  4^>—  N=N— 

<  > 


nr  w1}1-?  beJz°y1  dejivaUve  of  amino-2-naphthol,  from  all  compounds  investigated,  was  recrystallized  from  ethanol,  M.P.  observed  232-3°  C.  (uncorrected 
:M.P.  literature,  226.5°,  23o.o°  C. 

c  Solvent,  ethanol-water. 

4  To  differentiate  further  between  compounds  10  and  12,  analyze  for  presence  of  halogen  by  any  accepted  procedure 

«  Monobenzoyl  derivative,  CsHi.CHa. Cl. NHCOCeHs.  Chlorine  calculated,  14.44% ;  found  14  40% 

/  Monobenzoyl  derivative,  CeHj.CHj.Cl.NHCOCcHs.  Chlorine  calculated,  14.44%;  found’l4.47%.' 

o  Solvent,  acetic  acid. 

h  Dibenzoyl  derivative,  CeHs.CIMNHCOCeHs^.  Nitrogen  calculated  8.48%:  found,  8.50%. 

i  Solvent,  ethanol. 

J  2,5-Dichloroaniline  did  not  wash  out  of  ether  layer  with  N  hydrochloric  acid.  It  was  isolated  by  evaporating  ether  and  crystallizing  residue  from  ethane 
-water;  M.P.  49°  C.  (uncorrected).  • 

*  ?„e^rly  a11  the  dia,zo  component  was  found  as  4-chloro-2-nitraniline  in  ether  layer,  M.P.  117-18°  C.  (uncorrected).  Its  benzoyl  derivative  melted  i 
131-2°  C.  (uncorrected). 

l  Dibenzoyl  derivative,  CsHaCCHaM'NHCOCeH*)*.  Nitrogen  calculated,  8.14%;  found,  8.18%. 

m  4^°^  ,one  half  of\  diazo  component  was  found  in  ether  layer  as  2-chloro-4-ni tramline,  M.P.  107-8°  C.  (uncorrected).  Its  benzoyl  derivative  melted  2 
lo7-8°  C.  (uncorrected). 

n  About  one  half  of  diazo  component  was  found  unreduced  to  triamine  form  and  was  isolated  from  ether  layer  as  2,4-dinitraniline,  M.P.  178—9°  C.  (unco- 
rected). 

o  Solvent,  acetic  acid-water. 

p  Benzoyl  derivative  of  triamine  (1,2,4-triaminobenzene)  isolated  from  reduction  of  p-ethoxybenzeneazo-7n-phenylenediamine,  had  same  M.P. 


Amphoteric  amino-2-naphthol  is  separated  from  the  primary 
monoamine,  by  removing  the  former  with  four  successive  50-ml. 
portions  of  2%  sodium  hydroxide  solution,  followed  by  two  50- 
ml.  volumes  of  water,  and  is  isolated  as  the  benzoyl  derivative  by 
running  the  alkaline  extracts  into  5  ml.  of  benzoyl  chloride, 
stirring  rigorously  after  each  addition.  Dissolved  ether  is 
eliminated  by  heating  on  the  steam  bath,  and  after  cooling  to 
room  temperature,  the  benzoyl  derivative  is  filtered  off,  washed 
thoroughly  with  water,  and  crystallized  from  ethanol. 

The  ether  solution,  containing  the  primary  monoamine,  is 
shaken  with  four  50-ml.  portions  of  N  hydrochloric  acid,  followed 
by  a  50-ml.  volume  of  water.  Dissolved  ether  is  expelled  by 
heating,  and  the  acid  solution  is  cooled.  Ten  grams  of  solid 
sodium  hydroxide  are  added  to  liberate  the  free  amine,  and  the 
mixture  is  treated  with  5  ml.  of  benzoyl  chloride.  Upon  rigorous 
agitation,  the  benzoyl  derivative  separates  as  a  pasty  mass, 
which  is  allowed  to  stand  overnight.  It  is  then  filtered  off, 
washed  thoroughly  with  water,  and  crystallized  from  a  suitable 
solvent. 

If  the  melting  point  of  the  purified  dye  indicates  the  presence  of 
2,5  -  dichlorobenzeneazo  -  2  -  naphthol,  2,4-dinitrobenzeneazo-2- 
naphthol,  2-chloro-4-nitrobenzeneazo-2-naphthol,  or  4-ehloro-2- 
nitrobenzeneazo-2-naphthol,  the  residual  ether  is  evaporated  on 


a  steam  bath,  and  the  residue  is  identified  according  to  the  direc 
tions  given  in  the  footnotes  to  Table  I. 
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Estimation  of  Vitamin  C  in  Presence  of  Iron  Salts 

Stepwise  Determination  of  Vitamin  C  and  Ferrous  Iron  with 

Dichlorophenolindophenol 

OSCAR  GAWRON  AND  RUTH  BERG 

Research  Laboratory,  International  Vitamin  Division,  American  Home  Products  Corp.,  New  York,  N.  Y. 


REPORTS  on  the  reductive  interference  of  ferrous  iron  with 
the  dichlorophenolindophenol  reagent  used  in  the  estima- 
ion  of  vitamin  C  have  appeared  in  the  literature  and  procedures 
lave  been  devised  to  minimize  and  remove  this  interference 
2-5). 

During  the  course  of  studies  in  this  laboratory  On  isolated 
dtamin  C-iron  salt  systems  the  authors  have  found  that  ferrous 
md  ferric  iron  interferences  can  be  avoided  if  a  suitable  medium 
s  chosen  for  the  dye  titration.  Thus  vitamin  C  can  be  deter- 
nined  in  the  presence  of  ferrous  iron  if  acetic  acid  is  employed 
is  the  titration  medium  and  in  the  presence  of  ferric  iron  if  meta- 
ihosphoric  acid  is  present  in  the  medium.  The  observation  that 
errous  iron  reduces  dichlorophenolindophenol  in  the  presence 
>f  metaphosphoric  acid  provides  a  basis  for  the  stepwise  deter- 
nination  of  vitamin  C  and  ferrous  iron  in  the  same  aliquot. 

Whether  or  not  these  observations  may  be  applied  in  toto 
jr  in  part  to  biological  systems,  pharmaceuticals,  and  food  pred¬ 
icts  where  other  interferences  (S)  in  addition  to  iron  may  be 
present  remains  to  be  determined. 

REAGENTS 

Ferrous  Iron  Solution.  Two  grams  of  dried  ferrous  sulfate 
oowder  were'  dissolved  in  160  ml.  of  distilled  water  containing 
5  ml.  of  concentrated  sulfuric  acid  by  warming  gently  on  the  steam 
oath.  The  solution  was  treated  with  a  rapid  current  of  hydro¬ 
gen  sulfide  for  0.5  hour,  followed  by  a  stream  of  nitrogen,  and  then 
made  up  to  a  volume  of  1000  ml.  with  distilled  water.  An  aliquot 
titrated  with  0.01  N  potassium  permanganate  contained  0.64  mg. 
of  ferrous  iron  per  ml. 

8%  Acetic  Acid,  80  ml.  of  glacial  acetic  acid  made  up  to  liter 
with  distilled  water. 


Table  I.  Influence  of  Medium  on  Reduction  of  Dichlorophenol¬ 
indophenol  by  Ferrous  Iron 

(0.64  mg.  of  ferrous  iron  present) 

Dichlorophenolindophenol 


Titration  Medium0 
8%  acetio  acid 
3%  metaphosphoric  acid 
6%  metaphosphoric  acid 
Citrate  reagent  (Bessey) 

8%  acetic  acid  adjusted  to  pH  3.5  with  NaOH 
8%  acetic  acid  with  0.025%  metaphosphoric 
acid  present 


8%  acetic  acid  with  0.15%  metaphosphoric 
acid  present 

8%  acetic  acid  with  0.5%  metaphosphoric 
acid  present 

8%  acetic  acid  with  1.0%  metaphosphoric 
acid  present 

8%  acetic  acid  with  3%  metaphosphoric  acid 
present 

°  Initial  volume  25.0  ml. 


Required  for  End  Point, 
Ml. 

0.05 

9.1 

9.2 

Slowly  fading  end  point 
0.05 

3.2 

Reduction  very  slow 
and  not  reproducible 

5.0 

7.3 
9.0 
9.1 


Table  II.  Influence  of  Medium  on  Titration  of  Vitamin  C  with 
Dichlorophenolindophenol  in  Presence  of  Ferric  Iron 

(1.00  mg.  of  vitamin  C  and  0.75  mg.  of  ferric  iron0  present  in  all  cases) 

Dichlorophenolindophenol 
Required  for  End  Point, 


Titration  Medium 5  •  Ml. 

8%  acetic  acid  5.9° 

8%  acetic  acid  with  3%  metaphosphoric  acid 

present  9 . 2 

3%  metaphosphoric  acid  9.3 

6%  metaphosphoric  acid  9.2 


°  From  ferric  ammonium  sulfate  standardized  by  reduction  and  sub¬ 
sequent  titration  with  KMnOr. 

•  Initial  volume  25.0  ml. 

0  Not  reproducible. 


6%  Metaphosphoric  Acid,  60  grains  of  crushed  metaphosphoric 
acid  sticks  dissolved  in  distilled  water  and  made  up  to  liter. 
When  not  in  use  this  solution  was  kept  in  the  refrigerator. 

Citrate  and  Metaphosphoric  Acid  Buffer,  as  described  by 
Bessey  ( 1 ) 

Dichlorophenolindophenol  Dye  Solution,  50  mg.  of  ether- 
extracted  dichlorophenolindophenol  dissolved  in  200  ml.  of  dis¬ 
tilled  water  to  which  42  mg.  of  sodium  bicarbonate  had  been 
added.  When  not  in  use  the  dye  was  stored  in  the  refrigerator. 


Table  III.  Estimation  of  Vitamin  C  and  Ferrous  Iron 


Total 

20  ml. 
of  8% 

Dyea 

Subsequent 
addition  of 
10  ml.  of 
6%  meta¬ 

Found 

acetic 

phosphoric 

Vitamin 

Ferrous 

Sample 

acid 

acid 

C 

iron 

Ml. 

Ml. 

Mg. 

Mg. 

0.64  mg.  of  ferrous  iron 

0.05 

9.1 

0.0 

0.63 

1.0  mg.  of  vitamin  C 

9.2 

9.2 

0.99 

0.00 

1.0  mg.  of  vitamin  C  and  0.64 
mg.  of  ferrous  iron 

9.3 

18.6 

1.01 

0.64 

Vitamin  C6  capsule  containing 
FeSCU 

12.8 

21.6 

34.7 

15.1 

°  Dye  standardized  against  U.S.P.  vitamin  C. 

b  Vitamin  capsule  containing  35  mg.  of  vitamin  C  and  15  mg.  of  iron, 
diluted  to  25  ml.,  1-ml.  aliquot  used  for  titration.  Capsule  found  by  oxida¬ 
tion  and  colorimetric  estimation  with  thiocyanate  to  contain  15.0  mg.  of  iron 


EXPERIMENTAL  AND  DISCUSSION 

Table  I  shows  that  ferrous  iron  reduces  dichlorophenolindo¬ 
phenol  in  the  presence  of  metaphosphoric  acid.  This  also  hap¬ 
pens  when  phosphoric  acid  is  present  and  can  be  explained  on 
the  basis  of  the  increase  in  reduction  potential  of  the  ferrous- 
ferric  system  when  the  effective  ferric-ion  concentration  is  re¬ 
duced  by  complex  formation  with  metaphosphate  or  phosphate 
ions. 

The  reverse  of  the  above  phenomena  takes  place  in  the  pres¬ 
ence  of  ferric  iron.  Here,  as  can  be  seen  from  Table  II,  the  re¬ 
duced  dye  is  reoxidized  in  acetic  acid  medium  but  not  in  the 
presence  of  metaphosphoric  acid.  This  reoxidation  takes  place 
at  a  much  slower  rate  than  the  corresponding  reduction  by 
ferrous  iron  and  at  the  present  time  is  being  investigated  as  the 
basis  for  a  colorimetric  estimation  of  iron. 

From  the  above  experiments  it  was  apparent  that  vitamin 
C  and  ferrous  iron  could  be  determined  stepwise  on  one  aliquot 
by  first  titrating  in  acetic  acid,  then  adding  metaphosphoric 
acid  and  continuing  the  titration.  Control  analyses  and  the 
analysis  of  a  vitamin  capsule  containing  vitamin  C  and  ferrous 
sulfate  are  given  in  Table  III. 

SUMMARY 

Ferrous  sulfate  reduces  dichlorophenolindophenol  in  the 
presence  of  metaphosphoric  acid.  Ferric  iron  oxidizes  reduced 
dichlorophenolindophenol  in  acetic  acid  medium.  Vitamin  C 
and  ferrous  iron  can  be  determined  on  one  sample  by  stepwise 
titration  with  dichlorophenolindophenol. 
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Determination  of  Small  Amounts  of  Zinc 

By  Measurement  of  Fluorescent  Turbidities 

LYNNE  L.  MERRITT,  Jr. 

Department  of  Chemistry,  Indiana  University,  Bloomington,  Ind. 


A  rapid  and  accurate  method  for  the  determination  of  zinc  by  meas¬ 
uring  the  fluorescence  of  a  turbidity  of  zinc  8-hydroxyquinolinate 
is  described.  The  range  of  the  method  is  from  0.05  to  0.60  mg.  and 
the  accuracy  is  about  0.02  mg.  The  influence  of  variations  in  tem¬ 
perature,  filters,  method  of  procedure,  amount  of  reactants  added,  and 
extraneous  salts  has  been  investigated.  Other  ions  precipitated 
by  8-hydroxyquinoline  in  acetic  acid-acetate  solutions  interfere. 
Zinc  can  be  determined  in  the  presence  of  magnesium  by  the 
method  if  calibration  curves  are  constructed  using  approximately 
the  amount  of  magnesium  present  in  the  unknowns. 

ZINC  forms  a  precipitate  with  8-hydroxyquinoline  which 
fluoresces  brilliantly.  It  has  been  found  possible  to  produce 
stable,  reproducible  turbidities  of  zinc  8-hydroxyquinolinate  and 
to  measure  the  turbidity  accurately  by  means  of  its  fluorescence. 
Most  fluorescence  methods  developed  previously  have  dealt  with 
true  solutions. 

The  method  developed  by  White  and  Lowe  (14)  for  aluminum 
using  morin  as  the  reagent  is  believed  to  be  due  to  the  formation 
of  a  colloidal  solution  of  Al(Ci5H907)3  (11). 

A  number  of  workers  (4,  5)  have  used  the  fluorescence  of  the 
8-hydroxyquinoline  precipitates  for  qualitative  detection  of  zinc 
and  other  metals.  Lutz  has  described  (7)  a  method  for  deter¬ 
mination  of  zinc  by  measurement  of  the  fluorescence  of  zinc  salts 
with  urobilin.  Sandell  (10)  has  published  a  method  for  the 
fluorometnc  determination  of  gallium  as  the  8-hydroxyquinoline 
complex  dissolved  in  chloroform  and  suggests  (9)  that  zinc  could 
be  determined  similarly. 


Figure  1.  Transmission  of  Filters  and  Reagent 


Zinc  has  been  determined  colorimetrically  or  nephelometri- 
cally  by  numerous  methods.  Among  the  most  useful  are  the 
colorimetric  methods  employing  dithizone  (9);  these  are  ex¬ 
tremely  sensitive  and  are  employed  for  amounts  of  zinc  ranging 
from  a  microgram  up  to  about  1  mg.  These  methods  require 
extraction  with  an  organic  solvent  such  as  carbon  tetrachloride. 
The  nephelometric  determination  of  zinc  with  ferrocyanide 
(2,  3)  covers  the  range  of  zinc  from  about  0.1  to  5  mg.  but  the 
average  error  is  about  =*=0.05  mg.  (1).  Zinc  can  also  be  deter¬ 
mined  turbidimetrically  (15)  or  nephelometrically  (8)  as  the  sul¬ 
fide. 

Teitelbaum  (13)  has  described  an  indirect  colorimetric  method 
in  which  zinc  is  precipitated  as  the  8-hydroxyquinolinate  com¬ 


plex  salt,  the  precipitate  is  then  dissolved  in  acid,  and  the  lib 
erated  8-hydroxyquinoline  is  determined  by  its  reducing  actioi 
on  Folin’s  reagent.  The  method  is  applicable  to  about  0.008  b 
0.09  mg.  of  zinc  with  an  accuracy  of  2  to  5%. 


Figure  2.  Influence  of  Filters  and  Amount  of 
Reagent 


The  determination  of  zinc  by  measurement  of  the  fluorescence 
of  8-hydroxyquinoline  turbidities  as  described  in  this  paper  covers 
the  range  from  about  0.02  to  0.60  mg.  of  zinc  per  50  ml.  of  final 
solution  and  is  accurate  to  about  0.02  mg.  Thus  larger  quanti¬ 
ties  of  zinc  can  be  determined  than  is  possible  by  most  similar 
methods,  without  dilution  or  the  necessity  of  taking  aliquot  por¬ 
tions.  The  procedure  is  simple  and  extremely  rapid,  since  no  fil- 
trations  nor  extractions  with  immiscible  solvents  are  required. 
The  method  is,  however,  subject  to  the  many  interferences  en¬ 
countered  with  all  procedures  involving  8-hydroxyquinoline. 

In  producing  reproducible  turbidities,  a  large  number  of  factors 
must  be  considered  (6),  such  as  the  temperature,  concentration 
of  other  salts  present,  manner  of  mixing,  time  of  standing,  con¬ 
centration  and  order  of  solutions  mixed,  presence  or  absence  of 
protective  colloids,  etc.  All  these  factors  must  be  controlled 
and  once  a  method  has  been  established  all  details  of  procedure 
must  be  adhered  to  rigidly.  The  measurement  of  zinc  8-hydroxy- 
quinolinates  by  fluorescence  of  turbidities  is  further  complicated 
by  the  fact  that  the  reagent,  which  must  be  added  in  slight  excess 
absorbs  the  light  which  excites  the  fluorescence.  Proper  filters 
must  be  employed  in  the  fluorescence  meter  and  the  concentra¬ 
tion  of  reagent  must  be  controlled. 

REAGENTS 

A  standard  solution  of  zinc  chloride  was  prepared  by  dissolv¬ 
ing  4.0982  grams  of  c.p.  zinc  metal  (low  in  lead,  iron,  and  arsenic) 
in  35  ml.  of  concentrated  hydrochloric  acid  and  diluting  the  solu- 
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tion  to  2  liters  with  distilled  water.  A  solution  containing 
3.02049  mg.  of  zinc  per  ml.  was  prepared  by  diluting  10  ml.  of 
the  above  standard  solution  to  1  liter.  _ 

A  5%  solution  of  8-hydroxyquinoline  was  prepared  by  dis¬ 
solving  5  grams  of  c.p.  8-hydroxyquinoline  in  12  grams  of  gla¬ 
cial  acetic  acid  and  diluting  to  100  ml.  with  distilled  water. 

A  2%  solution  of  gum  arabic  was  prepared  by  grinding  2 
grams  of  gum  arabic  in  a  mortar  until  fine,  and  dissolving  in  water 
to  make  100  ml.  The  solution  was  filtered  if  not  clear. 

A  2  N  ammonium  acetate  solution  was  obtained  by  dissolving 
154  grams  of  crystallized  ammonium  acetate  in  water  to  make  1 
liter 

A  standard  dichlorofluorescein  (or  fluorescein)  solution  was 
prepared  in  the  following  manner:  A  0.1%  alcoholic  solution  of 
dichlorofluorescein  (such  as  is  usually  employed  as  an  adsorption 
indicator)  was  added  drop  by  drop  to  1  liter  of  water  until  the  re¬ 
sulting  solution  had  a  fluorescence  approximately  the  same  as 
that  of  a  turbidity  produced  from  0.30  mg.  of  zinc  in  the  manner 
described  below.  About  0.35  ml.  of  dichlorofluorescein  solution 
was  required.  A  more  concentrated  solution  may  be  employed, 
if  desired.  The  standard  solution  is  stable  for  weeks. 

PROCEDURE 

Amounts  of  standard  zinc  solution  containing  between  0.05  and 
0  50  mg.  of  zinc  were  placed  in  a  50-ml.  volumetric  flask,  and  5 
ml.  of  2  iY  ammonium  acetate  and  2  ml.  of  2%  gum  arabic  solu¬ 
tion  were  added.  The  mixture  was  diluted  with  water  to  ap¬ 
proximately  45  ml.  and  mixed  by  swirling  the  flask.  Using  a 
serological  pipet,  0.20  ml.  of  5%  8-hydroxyquinolme  solution 
was  added.  The  solution  was  diluted  to  the  mark  with  distilled 
water  and  mixed  by  gently  shaking  the  flask.  The  turbid  solu¬ 
tion  was  poured  into  the  cell  of  the  fluorescence  meter  and  the 
per  cent  fluorescence  was  measured. 

A  Lumetron  Model  402EF  fluorescence  meter  was  employed 
in  this  investigation.  The  25-ml.  cells  supplied  for  this  instru¬ 
ment  were  used  for  all  measurements.  The  instrument  was 
standardized  by  setting  the  fluorescence  emitted  by  the  stand¬ 
ard  dichlorofluorescein  solution  at  50.0  and  that  emitted  by 
a  blank  containing  all  reagents  but  no  zinc  equal  to  0.0.  If  a 
more  concentrated  solution  of  dichlorofluorescein  or  known  zinc 
turbidity  is  employed  as  standard  the  fluorescence  is  adjusted  to 
100.0.  A  narrow  band  filter  of  420  mu  maximum  transmission 
obtained  from  the  Photovolt  Corporation  was  employed  in  the 
primary  beam.  Since  the  fluorescent  fight  is  greenish-yellow, 
the  yellow  secondary  filters  furnished  with  the  instrument  for 
riboflavin  determinations  were  employed  in  front  of  the  measur¬ 
ing  cells.  As  can  be  seen  in  Figure  1,  the  secondary  filters  will 
effectively  absorb  any  of  the  primary  fight  which  might  be  scat¬ 
tered  or  reflected  toward  the  measuring  cells. 

Measurements  were  made  on  the  turbidities  2  to  3  minutes 
after  the  reagent  had  been  added.  The  exact  time  before  meas¬ 
urement  is  not  critical.  The  turbidities  remain  the  same  for  at 
least  25  minutes.  A  calibration  curve  was  constructed  by  plot¬ 
ting  the  concentration  of  zinc  against  the  per  cent  of  fluorescence 
as  read  on  the  instrument.  Unknown  concentrations  are  read 
from  this  calibration  curve. 

INFLUENCE  OF  PRIMARY  FILTER  AND  CONCENTRATION  OF  REAGENT 

The  fluorescence  of  the  zinc  turbidity  is  more  intense  when  ex¬ 
cited  by  fight  of  shorter  wave  lengths  in  the  region  460  to  350  m/i. 
Above  about  460  mu  the  fluorescence  disappears  or  is  too  small  to 
be  measurable.  The  reagent,  however,  has  a  strong  absorption 
band  in  the  near  ultraviolet  and  absorption,  as  measured  on  a 
Beckman  spectrophotometer,  is  appreciable  even  at  460  mu. 
The  per  cent  transmission  of  a  1-cm.  layer  of  0.002  M  8-hydroxy- 
quinofine  in  acetic  acid-ammonium  acetate  solution  (pH  =  5.9) 
is  shown  in  Figure  1.  The  per  cent  transmission  values  for  the 
filters  investigated  are  also  shown  in  Figure  1. 

In  Figure  2  are  plotted  the  readings  of  the  Lumetron  against 
amount  of  zinc  ion  present,  using  three  different  primary  filters. 
An  intermediate  amount  of  zinc  was  selected  and  the  effect  of 
adding  0.1  and  0.3  ml.  of  8-hydroxyquinoline  solution  instead  of 
the  usual  0.2  ml.  was  determined.  The  method  of  calculation 
for  filter' 440  mu  is  shown  in  Figure  2.  At  440  mu  the  error  in 
milligrams  of  zinc  per  0.1-ml.  variation  in  amount  of  reagent 
added  is  0.08  mg.,  at  420  mu  the  value  is  0.06  mg.,  and  at  390 
mu  the  value  is  0.13  mg.  The  most  suitable  filter  is  the  one 
showing  the  greatest  sensitivity  to  the  amount  of  zinc  present 
with  the  least  variation  due  to  a  change  in  reagent  concentration. 


The  420  mu  filter  is  the  most  suitable  and  was  employed  in  all 
further  investigations. 

INFLUENCE  OF  TEMPERATURE 

Calibration  curves  were  constructed  using  the  standard  zinc 
solution  for  15°,  24°,  and  35°  C.  The  solutions  were  allowed  to 
come  to  the  specified  temperature  before  the  turbidities  were  pro¬ 
duced.  The  solutions  were  diluted  to  volume  with  water  of  the 
same  temperature.  The  comparisons  were  all  made  at  the  tem¬ 
perature  of  the  instrument,  approximately  25°  C.  The  curves 
are  shown  in  Figure  3.  At  a  level  of  about  0.3  mg.  of  zinc  a 


Figure  3.  Effect  of  Temperature 

change  in  temperature,  especially  a  decrease  in  temperature,  of 
about  2°  C.  will  cause  an  error  of  0.02  mg.  of  zinc  or  less.  The 
temperature  of  the  solutions  should  be  kept  within  =*=2  C.  of 
that  used  in  the  establishment  of  the  calibration  curves.  Fre¬ 
quently  room  temperature  will  suffice. 

INFLUENCE  OF  ADDED  SALTS 

Turbidities  were  prepared  containing  0,205  mg.  of  zinc  plus 
varying  amounts  of  added  salts  per  50-ml.  volume.  As  little  as 
0.2  mg.  of  ferric  ion  reduces  the  fluorescence  to  zero.  No  more 
than  about  3  micrograms  of  ferric  ion  can  be  tolerated.  Alumi¬ 
num  and  other  ions  precipitated  in  acetic  acid-acetate  solutions 
by  8-hydroxyquinoline  interfere  by  increasing  the  fluorescence 
and  by  removing  the  reagent.  The  fluorescence  is  decreased 
slightly  in  solutions  containing  other  ions,  and  calibration  curves 
should  be  constructed  with  the  same  amount  of  extraneous  salts 
present  as  are  to  be  expected  in  the  unknowns.  The  errors  in 
most  cases  are  slight.  Calibration  curves  for  various  amounts  of 
magnesium  ion  are  shown  in  Figure  4.  Except  for  the  relatively 
large  error  when  magnesium  is  first  introduced  into  the  sample, 
slight  variations  in  the  total  amount  of  magnesium  present  cause 
no  appreciable  error. 

In  Table  I  are  shown  the  variations  in  the  apparent  amount 
of  zinc  present  caused  by  adding  1  mg.  of  extraneous  salt.  The 
values  were  calculated  by  averaging  the  errors  shown  when  25  to 
500  mg.  or  more  of  added  salts  were  present  and  the  amount  of 
zinc  was  0.21  mg.  In  most  cases  50  mg.  of  material  will  cause  an 
error  of  0.02  mg.  of  zinc  or  less.  Not  more  than  about  3  mg.  of 
fluoride  ion  should  be  present. 
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Table  I.  Influence  of  Extraneous  Salts 


Salt  Added 

(NH,),C«H«0. 

NaCl 

KH2PO4 

KI 

KNOa 

MgSO» 

BaClj 

Ca(NO.)j 

HF 

NaaSiOs 


Error,  Mg.  of  Zn 
per  Mg.  of  - 
Added  Salt 

0.0005 
0.00004 
0.0002 
0.00015 
0.00007 
0.0008 
0  0001 
0  0003 
0.0034 
0.0004 


Range  of  Amounts 
of  Added  Salt 
Investigated,  Mg. 

50-500' 

360-1800 

27-135 

50-200 

50-500 

27-108 

200 

70-700 

2-20 

10-100 


Table  II.  Typical  Analyses 

Zinc  Taken 

Zinc  Found 

Error 

Mg. 

Mg. 

Mg. 

0:082 

0.164 

0.066 

0.153 

-0.016 
—  0.011 

0.247 

0.256 

+  0  009 

0  369 

0.378 

+  0.009 

0.451 

0.450 

—  0.001 

0.492 

0.481 

-0.011 

INFLUENCE  OF  OTHER  FACTORS 

The  amount  of  gum  arabic  present  influences  the  intensity  of 
fluorescence.  The  fluorescence  is  more  intense  when  no  gum 
arabic  is  present  but  the  stability  of  the  turbidities  is  less.  Some 
turbidities  showed  only  a  2%  decrease  in  fluorescence  between 
2  and  8  minutes,  while  by  the  end  of  8  minutes  others  decreased 
to  one  tenth  of  their  value  at  2  minutes.  When  2  ml.  of  2%  gum 
arabic  solution  are  present  the  fluorescence  remains  constant  for 
25  minutes  or  longer.  The  addition  of  4  ml.  of  gum  arabic  in¬ 
stead  of  2  ml.  causes  a  decrease  in  fluorescence  corresponding  to 
an  error  of  only  0.005  mg.  of  zinc. 

The  addition  of  only  1  ml.  of  ammonium  acetate  results  in  a 
pH  value  of  5.3  which  is  slightly  low  for  complete  precipitation 
of  such  small  amounts  of  zinc.  The  decrease  in  per  cent  fluores¬ 
cence  corresponds  to  an  error  of  about  0.025  mg.  of  zinc.  When 
10  ml.  of  2  A  ammonium  acetate  were  used  instead  of  5  ml.  no 
appreciable  variation  in  the  intensity  of  fluorescence  could  be 
noted. 

The  effect  of  adding  the  ammonium  acetate  last  rather  than  the 
8-hydroxyquinoIine  was  investigated.  Only  a  slight  change  in 
fluorescence  was  noted  corresponding  to  an  error  of  0.007  mg.  of 
zinc. 


DISCUSSION 

In  spite  of  the  above  observations,  it  is  strongly  recommended 
that  all  details  of  procedure,  once  established,  be  carefully  fol¬ 
lowed.  The  calibration  curves  should  be  prepared  under  condi¬ 
tions  as  nearly  like  that  of  the  unknowns  as  is  possible.  For 
more  exact  work,  a  final  comparison  with  a  standard  solution 
containing  the  determined  amount  of  zinc  should  be  made. 

The  method  is  very  rapid.  A  determination  can  be  carried 
out,  once  the  calibration  curves  have  been  prepared,  in  about  3 
minutes.  The  accuracy  is  about  0.01  to  0.02  mg.  of  zinc.  Re¬ 
sults  of  several  typical  analyses  are  given  in  Table  II. 

Zinc  in  1-gram  samples  of  the  Bureau  of  Standards  aluminum 
alloy  86b  was  separated  according  to  the  method  outlined  by 
Churchill  and  Bridges  {12).  The  zinc  was  finally  made  up  to 
250-ml.  volume  and  a  5-ml.  aliquot  portion  taken  for  analysis. 
Results  of  several  determinations  gave  1.4%  of  zinc.  The  ac¬ 
cepted  value  is  1.51  %  of  zinc. 

Attempts  to  produce  reproducible  turbidities  with  8-hydroxy- 
quinoline  and  magnesium  and  aluminum  ions  have  not  been  suc¬ 
cessful,  as  yet. 

A  dichlorofluorescein  solution  may  be  used  for  resetting  the 
instrument  at  the  same  reading  and  is  quite  stable.  The  method 


is  reproducible.  The  results  in  Table  II  were  obtained  9  days 
after  the  calibration  curve  was  constructed. 
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Cabinet  for  Boiler  Feedwater  Testing 

The  Testmaster  cabinet,  developed  by  TruTest  Laboratories,  Jef¬ 
ferson  Bldg.,  Philadelphia  7,  Pa.,  is  an  all-metal  adjustable  cabinet 
devised  to  accommodate  tests  for  hardness,  alkalinity,  chloride,  phos¬ 
phate,  pH,  sulfite,  and  dissolved  oxygen.  Equipped  with  glareiess 
fluorescent  fighting,  it  presents  a  flexible  and  rapid  means  for  testing 
boiler  and  feedwater  samples  to  regulate  treatment  dosage  and  blow¬ 
down  requirements. 


Detection  of  Bismuth  by  Means  of  Brucine  Citrate 

PHILIP  W.  WEST  AND  JOSEPH  V.  TOKOS 
Coates  Chemical  Laboratories,  Louisiana  State  University,  Baton  Rouge,  La. 


A  SURVEY  of  the  literature  on  methods  for  the  detection  of 
bismuth  disclosed  several  tests  that  indicated  promise 
either  in  their  present  form  or  with  slight  modifications.  One  of 
the  most  satisfactory  reagents  for  bismuth  is  thiourea,  which  has 
been  considered  by  a  number  of  investigators  ( 1 ,  4,  5,  12).  This 
reagent  provides  a  highly  selective  test  for  bismuth,  but  is  seri¬ 
ously  handicapped  by  its  lack  of  sensitivity.  The  use  of  various 
organic  bases  in  conjunction  with  potassium  iodide  has  been 
utilized  in  a  number  of  procedures.  Antipyrine  (7),  quinoline 
(6),  cinchonine  (3),  2-aminopyridine  (11),  2-methylbenzothia- 
zole  (9),  and  numerous  other  bases  have  been  applied  with 
varying  degrees  of  success.  Reichard  (10)  reported  that  bismuth 
chloride  reacts  with  brucine  to  form  a  red  color.  Moser  (8)  noted 
the  same  effect,  but  claimed  that  the  reaction  was  uncertain. 

The  reported  tests  were  carefully  considered.  Deter¬ 
mination  of  sensitivities  and  investigations  of  interferences 
indicated  that  the  reagents  reported  in  the  literature 
were  generally  unsatisfactory.  It  was,  therefore,  deemed 
advisable  to  undertake  the  development  of  new  reagents. 
Different  substituted  thiourea  compounds  were  investi¬ 
gated,  but  none  was  found  to  possess  distinct  advantages 
over  the  use  of  the  parent  compound  itself. 

A  second  field  of  investigation,  the  bismuth  iodide- 
organic  base  complexes,  was  next  studied.  The  reactions 
in  this  case  seem  to  involve  either  the  formation  of 
normal  salts  with  the  bismuth  iodide  complex  ion,  or 
the  formation  of  double  salts.  Several  organic  bases 
gave  promise  when  used  in  this  manner,  but  brucine 
was  particularly  satisfactory.  It  was  noted  that  brucine 
was  much  more  soluble  in  hot  citric  acid  solution  than  in 
water.  Other  solvents  that  dissolved  large  amounts  of 
brucine  were  ethyl  alcohol,  chloroform,  acetic  acid,  and 
hydrochloric  acid.  None  of  these  gave  analytical  charac¬ 
teristics  comparable  to  those  obtained  with  citric  acid, 
although  Korenman  (7)  had  noted  the  very  satisfactory 
sensitivity  of  an  acetic  acid  solution  of  brucine  when  used 
in  conjunction  with  potassium  iodide  to  detect  antimony, 
mercury,  and  bismuth.  His  studies,  however,  did  not 
consider  possible  interferences,  and  the  reactions  were 
merely  recorded,  without  further  recommendations  con¬ 
cerning  the  application  of  the  reactions  to  test  procedures. 

When  brucine  citrate  was  added  to  a  solution  containing 
bismuth  and  an  alkali  iodide  was  added,  a  yellowish  orange 
precipitate  was  formed  which  changed  after  about  a 
minute  to  an  intense  brick-red  precipitate.  The  reaction 
was  found  to  be  applicable  in  any  acid  solution. 


METHOD  OF  STUDY 

The  determination  of  limiting  concentration  and  limit 
of  identification  was  performed  in  accordance  with  the 
procedures  described  by  Feigl  (2).  Interference  studies 
followed  the  general  procedure  discussed  by  West  (13), 
except  that  the  concentration  of  the  bismuth  solution  was 
0.1%  while  the  concentration  of  the  ions  studied  for  in¬ 
terfering  effects  was  10%.  A  final  check  on  interferences 
was  made  with  more  dilute  solutions  (0.01%  bismuth  to 
1.0%  interfering  ion),  so  as  to  determine  the  reliability  of 
the  tests  concerned  near  the  sensitivity  limit. 

The  ions  investigated  in  the  interference  studies  are  listed 
below  in  their  more  common  forms.  It  is  realized  that  in 


many  instances  the  ions  concerned  are  present  as  complexes,  but 
where  the  structure  of  such  complexes  may  be  in  doubt,  only  the 
valence  of  the  central  atom  is  indicated. 


Li+,  Na+,  K+,  Cu++,  Rb+,  Ag+,  Cs+,  Au+++,  Be++,  Mg++ 
Ca++,  Zn++,  Sr++,  Cd++,  Ba+  +  ,  Hg+,  Hg++,  B02  ,  B407 
A1+++,  Sc+++,  Ga+++,  Y+++,  In+++,  La+++,  Ce+  ++,  T1+ 
C03 — ,  Si03 — ,  Ti++  +  ,  Zr++++,  Sn++,  Sn++  +  \  Pb++,  Th++++ 

nh4+,  no,-,  no,-,  hpo4— ,  P4013 - ,  P80i8 - ,  po3- 

P207 - ,  VO,-,  HAs03  ,  HAs04  ,  Sb+++,  Sb+++++ 

S203  ,  SO,— ,  S04 — ,  Cr+++,  Cr207  ,  SeO,— ,  Se04-- 

M0O4— ,  TeO,— ,  Te04“ ,  W04“,  U02++,  U04“,  F“,  Cl" 
CIO,-,  C104-,  Mn++,  MnOr,  Br~,  BrOr,  I~,  IO,",  ReOr 
Fe++,  Fe+  ++,  Co++,  Co+++,  Ni++,  Ru+++,  Rh+  ++,  Pd+  + 
Os+++++  +++,  ir++++,  Pt++++,  CN~,  Fe(CN)6— ”, 

Fe(CN)6 - ,  CNS-,  acetate,  oxalate,  tartrate,  aniline,  pyridine 


Table  I.  General  Comparison  of  Brucine  Citrate,  Thiourea,  Cincho¬ 
nine,  Antipyrine,  2-Methylbenzothiazole,  and  2-Aminopyridine 
Tests  for  Bismuth 

Test  Sensitivity  - Interferences - 


Brucine  citrate 


LI  =  0.37  Positive. 

LC  =  1:100,000  Negative. 


Masking. 


None 

Pb  +  +,  Hg+,  Hg  +  +,  Ag+,  Cu  +  \ 
and  Cd  +  +  (prevent  full  de¬ 
velopment  of  red  color) 

T1 +  (yellow  upon  addition  of 
KI),  TeC>3~-  (brown  precipi¬ 
tate),  Pd  +  +  (brown  color), 
Hg  +  (black  precipitate) 


Thiourea 


Cinchonine 


LI  =  1 . 5y  Positive. 

LC  =  1:100,000  Negative. 

Masking. 


3b  +  +  +,  Pd  +  +,  VO3-,  TeOs-" 
None 

Hg  +  (black),  SeOs  (red), 
Se04“~  (red),  Os  +  +  +  +  +  +  +  + 
(brown  to  pink),  and  colored 
ions  such  as  Cr  +  +  +,  Cr2Or_~, 
UOt-,  Mn04--,  Rh  +  +  +, 


LI  =  0.3  7  Positive. 

LC  =  1:80,000  Negative. 

Masking. 


Sb  +  +  +,  Sb  +  +  +  +  +,  Sn  +  +  +  +’ 
Pb  +  + 

Ba  +  +,  Sn  +  + 

Cu  +  +  (brown),  Ag+  (gray- 
brown),  Au  +  +  +  (black),  Hg  + 
and  Hg  +  +  (black),  Tl+  (yel¬ 
low),  Cr  +  +  +  and  Cr207~_ 
(green),  Se03““  and  Se04 
(brown),  TeOa  and  TeO, 
(black),  Fe  +  +  and  Fe  +  +  + 
(brown),  Pd  +  +  (brown  to 
black),  and  colored  ions  such 
as  U02  ++,  UOr 


Antipyrine 


2-Methylbenzo- 

thiazole 


LI  =  0.37  Positive. 

LC  =  1:40,000  Negative. 

Masking. 


LI  =  0.37  Positive. 

LC  =  1:40,000  Negative. 

Masking. 


Cd  ++,  Tl+,  Pb  +  +,  Sb  +  +  +  +  + 

Sn  +  +,  C20.-- 

Cu  +  +  (brown),  Au  +  +  +  (brown), 
Hg+  (black),  Cr  +  +  +  and 
Cr20:-"  (green),  SeOs  and 
Se04__  (brown),  Te03__  and 
Te04-~  (black).  Fe  +  +  and 
Fe  +  +  +  (brown),  Rh  +  +  +  (red- 
brown),  Pd  +  +  (brown). 

Os +  +  +  +  +  +  +  +  (blue  to  orange 
gray),  and  colored  ions  such 
as  Co  +  +,  Ni  +  +,  Ir  +  +  +  + 

Tl+,  Pb  +  +,  Sb  +  +  +,  Sb  +  +  +  +  + 

Sr  +  +,  Ba  +  +,  N02-,  HPO. — , 
CN_,  tartrate,  citrate 
Cu  +  +  (brown),  Au  +  +  +  (brown), 
Hg  +  (black),  Hg  +  +  (brown), 
Cr  +  +  +  (green) ,  Cr207  ” 

(green),  TeOs  (black), 

Fe  +  +  (brown),  Fe  +  +  'f 

(brown),  Pd  +  +  (brown),  and 
colored  ions  such  as  U02',",', 
XJ04--,  Ru  +  +  +,  Rh  +  +  + 


2-Aminopyridine  LI  =  IO.O7  Positive.  Be-.^l-^Ga^-, 

Sb  +  +  +  +'+ 

LC  =  1:10,000  Negative.  Sr  +  +,  Ba  +  +,  Pb  +  +,  NOi‘, 

HAsOs"",  CN-,  C204  — 
Masking.  Cu  +  +  (brown),  Ag+  (yellow), 
Au  +  +  +  (brown),  Hg+  (black), 
Hg  +  +(black),  Te02--(black), 
Fe  +  +  (yellow),  Fe  +  +  +  (yel¬ 
low),  and  colored  ions  such  as 
Cr  +  +  +,  CraOr — ,  U02  +  +, 

uo4-- 
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REAGENTS 

Brucine  citrate.  Dissolve  100  grams  of  citric  acid  in  100  ml. 
of  water,  add  12  grams  of  brucine  and  heat  until  solution  is  com¬ 
plete. 

Borate  inhibitor.  Mix  equal  volumes  of  1  M  boric  acid  and 
1  M  sodium  hydroxide. 

Sodium  bisulfite,  saturated  aqueous  solution. 

Potassium  iodide,  20%  aqueous  solution. 


PROCEDURE 

On  a  spot  plate  place  one  drop  of  the  solution  to  be  tested,  and 
to  it  add  one  drop  each  of  borate  inhibitor,  sodium  bisulfite, 
brucine  citrate,  and  potassium  iodide.  In  the  presence  of 
bismuth  a  brick-red  precipitate  forms. 


DISCUSSION 

The  brucine  citrate  reaction,  when  used  as  a  spot  test,  has  a 
limit  of  identification  of  0.3  microgram  of  bismuth  at  a  limiting 
concentration  of  1  part  in  100,000.  No  positive  interferences 
were  found.  Cadmium,  mercury,  copper,  silver,  and  lead  inter¬ 
fered,  inasmuch  as  they  prevented  the  full  development  of  the  red 
test  color  and  reduced  the  sensitivity  of  the  test.  However,  in 
their  presence,  a  deep  orange  precipitate  was  formed  which  still 
permitted  the  absolute  identification  of  the  bismuth  at  a  some¬ 
what  lessened  sensitivity.  The  brucine  citrate  solution  is  very 
stable,  one  solution  being  in  use  in  these  laboratories  for  approxi¬ 
mately  one  year  without  any  change  in  appearance  or  reactions. 
Table  I  gives  a  comparison  of  some  of  the  more  important  ana¬ 
lytical  characteristics  of  the  brucine  citrate,  thiourea,  cinchonine, 
antipyrine,  2-aminopyridine,  and  2-methylbenzothiazole  tests. 

The  test  procedure  followed  in  the  case  of  thiourea  was  to  add 
one  drop  each  of  0.1  A  nitric  acid  and  5%  thiourea  to  a  drop  of 
the  solution  to  be  tested.  For  the  cinchonine,  antipyrine,  2- 
ammopyridine,  and  2-methylbenzothiazole  tests,  a  drop  of 
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saturated  sodium  bisulfite  was  added  to  a  slightly  acid  drop  of  tht , 
solution  to  be  tested,  followed  by  a  drop  of  a  0.1%  aqueous  oi 
alcoholic  solution  of  the  reagent  and  a  drop  of  20%  potassiun 
iodide.  In  the  case  of  the  four  latter  reagents  many  uncertaii 
tests  were  obtained,  owing  to  the  liberation  of  iodine  or  th< 
formation  of  yellow  iodide  precipitates  or  complex  ions.  Sue! 
reactions  may  mask  the  test  for  bismuth,  or  in  many  cases,  tht 
yellow  colors  formed  may  be  confused  with  a  true  test  for  bis-' 
“uth  ,The  use  °f  bisulfites  does  not  completely  obviate  thesU 
difficulties. 

I 

For  spot-test  procedures,  without  prior  separation  of  the  bis-',' 
muth,  either  the  brucine  citrate  or  the  thiourea  tests  are  satis-" 
factory.  The  brucine  citrate  procedure  has  an  advantage  in  both" 
sensitivity  and  selectivity. 
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Microdetermination  of  Calcium 


By  Titration  of  the  Oxalate  with  Ammonium  Hexanitratocerate 

CHARLES  D.  KOCHAKIAN  and  R.  PHYLLIS  FOX 
Department  of  Vital  Economics,  University  of  Rochester,  Rochester,  N.  Y. 


THE  limitations  of  potassium  permanganate  for  microtitra¬ 
tions  led  several  workers  to  substitute  ceric  sulfate  ( 8 ,  5,  7, 
8)  and  ceric  ammonium  sulfafe  (6)  as  oxidizing  agents  for  the 
titration  of  oxalate.  Although  these  two  reagents  form  more 
stable  and  more  easily  prepared  solutions  than  potassium  per¬ 
manganate,  they  still  are  not  entirely  satisfactory.  These  solu¬ 
tions  do  not  always  give  either  a  sharp  or  a  clear  end  point  with 
the  available  indicators.  In  addition,  the  direct  cerate  titrations 
have  to  be  carried  out  in  a  hot  oxalate  solution.  At  about  the 
same  time  that  the  above  ceric  salts  were  proposed,  Ellis  (I?)  re¬ 
ported  the  use  of  ammonium  hexanitratocerate  for  the  drop-scale 
titration  of  calcium  oxalate.  Smith  suggested  the  use  of  this 
salt  (13)  and  carried  out  a  series  of  studies  concerning  its  proper¬ 
ties  (1,  10,  11,  12).  Kirk  and  Tompkins  (4),  however,  imply 
that  this  reagent  is  not  suitable  for  microtitration  of  oxalate. 

The  need  of  a  precise  method  for  the  determination  of  small 
amounts  of  calcium  led  the  authors  first  to  the  use  of  ceric  sulfate. 
The  disappointing  results  with  this  procedure  prompted  them  to 
begin  an  investigation  of  ammonium  hexanitratocerate. 

SOLUTIONS 

0.01000  N  Sodium  Oxalate,  0.6700  gram  of  carefully  dried 
Sorensen  s  sodium  oxalate  dissolved  in  1  liter  of  distilled  water. 
This  solution  is  stable  if  kept  in  a  refrigerator  with  chloroform  as 


a  preservative,  or  if  made  in  0.1  N  perchloric  acid  (9).  To  4  ml. 
of  this  standard,  0.5  ml.  of  60%  perchloric  acid  is  added  before 
titration. 

0.05%  Setopaline  C,  50  mg.  of  Elmer  and  Amend’s  setopaline 
C  added  to  100  ml.  of  distilled  water  and  warmed  on  a  steam  bath 
or  electric  hot  plate.  The  dye  is  only  slightly  soluble  and  precipi¬ 
tates  on  cooling.  Therefore,  the  solution  is  warmed  just  before 
use,  and  6  drops  of  the  warm  indicator  are  added  to  the  oxalate 
solution.  Furthermore,  when  the  indicator  is  added  as  a  cold 
solution,  it  is  oxidized  immediately  by  the  first  few  drops  of  the 
cerate  solution  rendering  it  ineffective. 

0.01  N  Ammonium  Hexanitratocerate,  6  grams  of  reagent 
grade  ammonium  hexanitratocerate  dissolved  in  about  200  ml. 
of  1  N  perchloric  acid  and  diluted  to  1  liter  with  the  acid.  The 
solution  is  kept  in  a  black  bottle  in  the  dark. 

Wash  Solution  (cf.  6),  2  ml.  of  28  to  29%  ammonium  hy¬ 
droxide,  98  ml.  of  distilled  water,  100  ml.  of  redistilled  ether,  and 
100  ml.  of  redistilled  ethyl  alcohol  mixed  together.  The  use  of 
this  solution  always  gave  very  good  settling  of  the  calcium  oxalate 
on  centrifugation.  The  use  of  2%  ammonium  hydroxide,  on  the 
other  hand,  always  resulted  in  the  loss  of  material  due  to  creeping 
and  floating. 

PROCEDURE 

The  sample  containing  the  calcium  is  pipetted  into  a  15-ml. 
conical  centrifuge  tube,  and  2  drops  of  methyl  red  indicator  and 
1  ml.  of  4%  ammonium  oxalate  are  added.  Ammonium  hy¬ 
droxide  (1  N)  is  added  from  a  dropper  until  the  indicator  just 
turns  yellow,  and  then  1  N  hydrochloric  acid  is  added  until  the 
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mmonium  hexanitratocerate  in  1  N  perchloric  acid  is  a  very  good 
[gent  for  the  microdetermination  of  calcium  by  direct  titration  of 
fe  oxalate  at  room  temperature.  The  indicator  setopaline  C  gives 
extremely  sharp  end  point  with  this  reagent.  Certain  precautions 
jst  be  observed  in  the  preparation  and  storage  of  the  ammonium 
xanitratocerate  solution.  The  reagent  must  be  dissolved  and 
:pt  in  1  N  perchloric  acid  in  order  to  prevent  the  irreversible  hy- 
olysis  of  the  salt.  It  is  decomposed  by  light  in  either  clear  or 
own  glass  bottles.  The  solution  generally  decreases  in  normality 
ore  rapidly  when  prepared  in  increased  concentrations  of  per- 
iloric  acid.  The  solution,  however,  is  stable  in  a  black  bottle,  in 
hich  the  decrease  in  titer  is  only  about  2.5%  over  a  period  of  90 
jys.  This  change  may  be  further  lessened  by  keeping  the  bottle  in 
e  dark.  Finally,  the  calcium  oxalate  must  be  dissolved  in  at  least 
N,  but  not  concentrated,  perchloric  acid. 


ink  color  reappears.  The  solutions  are  stirred  with  footed  glass 
iirring  rods  which  are  removed  and  hung  on  a  numbered  rack, 
fter  one  hour,  the  tubes  are  centrifuged,  the  supernatant  fluid 
poured  off,  and  the  tubes  are  inverted  on  paper  or  cloth  towels 
>  drain  for  2  minutes.  Then  the  rims  are  wiped  dry,  the  stirring 
jds  are  placed  in  their  respective  tubes,  5  ml.  of  wash  solution 
re  pipetted  down  the  sides  of  the  tubes,  and  the  calcium  oxalate 
recipitate  is  dispersed  by  stirring.  The  tubes  are  centrifuged 
nd  the  wash  procedures  repeated.  After  the  second  wash,  the 
recipitate  is  dissolved  in  4  ml.  of  1  IV  perchloric  acid  and  titra- 
ion  is  carried  out  in  the  centrifuge  tube  at  room  temperature. 

The  tube  is  held  by  a  clamp  attached  to  the  buret  stand  and 
he  buret  is  lowered  into  thp  tube,  so  that  the  tip  is  always  above 
he  surface  of  the  solution.  The  solution  is  stirred  by  an  up-and- 
own  motion  of  a  narrow  glass  rod  slightly  flattened  at  the  end 
nd  bent  at  a  45°  to  90°  angle  at  a  height  just  above  the  lip  of  the 
ube.  The  warm  indicator  (6  drops)  is  added  and  the  reagent  is 
lelivered  from  a  microburet  graduated  at  0.02  ml.  until  the  mdi- 
ator  changes  from  yellow  to  salmon  pink.  At  the  end  point  this 
olor  will  persist  for  only  about  15  seconds,  after  which  it  changes 
o  a  bronze.  The  color  change  is  extremely  sharp  and  distinct. 

PREPARATION  OF  AMMONIUM  HEXANITRATOCERATE  SOLUTION 

In  order  to  obtain  a  satisfactory  solution  of  the  reagent,  the 
salt  must  be  dissolved  directly  in  1  A  perchloric  acid  or  in  water, 
ollowed  by  the  immediate  addition  of  sufficient  perchloric  acid 
;o  make  a  1  A  solution.  The  former  method  is  preferred.  In  the 
atter  procedure,  if  the  perchloric  acid  is  not  added  immediately 
liter  the  salt  is  completely  dissolved,  a  fine  insoluble  precipitate 
ippears.  This  precipitate  is  probably  formed  by  hydrolysis  of 
the  salt  (1).  Furthermore,  if  the  solution  is  warmed  even  after 
the  above  precaution  has  been  observed,  a  large  amount  of  fine 
white  precipitate  appears  with  a  marked  loss  in  titer.  This  latter 
fact  apparently  was  not  recognized  by  Kirk  and  Tompkins  (4), 
for  they  warmed  their  solutions  on  the  steam  bath  for  24  hours 
and  filtered.  Solutions  prepared  in  the  amounts  of  ammonium 
hexanitratocerate,  stated  by  these  authors  to  give  a  0.02  A  solu¬ 
tion,  gave  a  0  05512  A  solution  when  the  heating  procedure  was 
omitted. 

As  a  further  check  on  the  effect  of  heat,  two  solutions,  0.02672 
and  0.00880  A,  were  prepared  in  1  A  perchloric  acid,  and  aliquots 
from  each  of  these  were  placed  on  the  steam  bath  for  24  hours, 
filtered,  and  restandardized  with  sodium  oxalate  solution.  The 
stronger  of  the  two  solutions  decreased  in  normality  to  less  than 
10%  of  the  original  value  and  the  weaker  to  less  than  70%.  In 
addition,  the  end  point  was  blurred  by  the  formation  of  a  fine 
white  precipitate  during  the  titration.  A  similar  decrease  in  titer 
as  a  result  of  heating  was  observed  by  Smith  and  Getz  {12). 

STABILITY  OF  AMMONIUM  HEXANITRATOCERATE  SOLUTION 

The  reagent  rapidly  decreases  in  titer  when  exposed  to  diffuse 
daylight  (Table  I).  The  decrease  apparently  is  due  to  photo¬ 


chemical  reactions,  since  darkness  prevented  the  change.  Brown 
bottles  also  protected  the  ammonium  hexanitratocerate  solu¬ 
tions,  but  only  when  the  concentration  of  the  perchloric  was  not 
greater  than  1  A.  Black  painted  bottles  provided  the  greatest 
protection,  especially  when  placed  in  the  dark. 

CONCENTRATION  OF  PERCHLORIC  ACID  IN  OXALATE  SOLUTION 

When  the  concentration  of  the  perchloric  acid  in  the  standard 
sodium  oxalate  solution  was  less  than  1  A,  a  white  cloudy  precipi¬ 
tate  invariably  formed  on  titration.  On  the  other  hand,  if  the 
normality  of  the  perchloric  acid  was  greater  than  1  A,  no  further 
increase  in  accuracy  was  observed.  The  titration  with  a  standard 
0.02113  A  sodium  oxalate  solution  of  fourteen  equal  aliquot  por¬ 
tions  of  ammonium  hexanitratocerate  solution  varying  from  1 
to  4  A  in  perchloric  acid  gave  a  mean  normality  of  0.01831  with 
an  average  deviation  of  only  ±0.00004. 

SOLUTION  OF  CALCIUM  OXALATE 

If  the  moist  precipitate  of  calcium  oxalate  was  dissolved  in  0.5 
ml.  of  concentrated  perchloric  acid  and  then  diluted  with  4  ml. 
of  water,  the  results  always  were  low  and  inconsistent  (Table 
II).  On  the  other  hand,  if  the  precipitate  was  previously  dried 
or  was  dissolved  in  1  A  perchloric  acid,  theoretical  values  were 
obtained.  It  appears  that  the  concentrated  perchloric  acid  is 
able  to  oxidize  the  moist  precipitate. 

The  figures  in  Table  II  also  indicate  the  degree  of  accuracy  of 
the  method.  Samples  containing  as  low  as  0.5  mg.  of  calcium 
have  given  similarly  satisfactory  results. 


PRECIPITATION  OF  CALCIUM  OXALATE 

In  the  other  reported  procedures  for  calcium  there  is  a  wide 
variance  in  the  manner  of  precipitation  of  the  calcium  oxalate; 
therefore,  time  of  precipitation  and  digestion  were  studied. 
Furthermore,  some  of  the  authors’  unknown  samples  required 
considerable  ammonium  hydroxide  to  bring  them  to  the  proper 
pH.  Therefore,  known  samples  were  made  excessively  acid  by 
the  addition  of  0.1  to  0.3  ml.  of  6  A  hydrochloric  acid,  and  neu¬ 
tralized.  The  results  in  Table  III  indicate  that  one  hour  is  suf- 


Tablc  I.  Effect  of  Light  and  Concentration  of  Perchloric  Acid  on 
Stability  of  Ammonium  Hexanitratocerate  Solutions 


hcio4 

(NH4)2Ce(N03)» 

Place  of 

Nor¬ 

Duration, 

Nor¬ 

De¬ 

Bottle 

Storage 

mality 

Days 

mality 

crease,  % 

Clear  glass 

On  bench 
In  locker 

1 

1 

1 

25 

124 

124 

0.02182 

0.01722 

0.05453 

21.1 

6.8 

1.0 

1 

124 

0.01795 

6.1 

2 

124 

0.01777 

5.0 

3 

124 

0.01771 

4.2 

Brown  glass 

On  bench 

1 

1 

84 

84 

0.05434 

0.01769 

5.8 

5.8 

2 

84 

0  01744 

14.9 

3 

84 

0.01742 

13.1 

Black  painted 

On  bench 

1 

1 

90 

90 

0.06830 
0  02253 

2.3 

2.4 

2 

90 

0.02260 

2.1 

3 

90 

0.02238 

6.5 

Black  painted 

In  locker 

1 

80 

0.01340 

0.0 

Table  II.  Effect  of  Perchloric  Acid  on  Calcium  Oxalate 


Series 

No. 


1 

2 

3 

4 


Number  of 

HCIO4 

Condition 
of  CaCaOi 

Average 

Ca  Found, 

Average 

Devia¬ 

Analyses 

Normality 

Ppt. 

Mg. 

tion” 

4 

9 

Moist 

0.968 

0.223 

12 

9 

Dry 

1.203 

0.015 

g 

1 

Moist 

1.208 

0.013 

14 

1 

Dry 

1.217 

0.004 

Calcium  by  macroanalysis,  1.217  mg. 


a  of  a  single  observation. 
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Table  III.  Precipitation  of  Calcium  Oxalate  under  Different 
Conditions 


Series 

No. 

1 

2 

3 

4 

5 

6 


Number  Temperature 
of  An-  for  CaC20< 
alyses  Pptn. 

10  Room 

4  Room 

4  Boiling  water 

bath 

6  Boiling  water 

bath 
9  Room 

6  Boiling  water 

bath 


Hours  of 
CaCzOi  Excess 
Pptn.  NHiCl 


Average  Average 
Ca  Found,  Devia- 
Mg.  tion 


1 

20 

2 


0  1.208  0.011 

0  1.211  0.006 

0  1.208  0.009 


3  0  1.200  0.017 

1  +  1.209  0.008 

1  +  1.201  0.006 


Calcium  by  macroanalysis,  1.217  mg. 
*  Of  a  single  observation. 


ficient  time  for  precipitation  and  that  digestion  in  a  water  bath  or 
excess  ammonium  chloride  does  not  increase  or  decrease  the  ac¬ 
curacy. 
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Microdetermination  of  Nitrates  by  the  Devarda  Method 

RICHARD  KIESELBACH,  Bakelite  Corporation,  Bound  Brook,  N.  J. 


Microquantities  (0.05  milliequivalent)  of  nitrates  can  be  determined 
with  a  precision  and  accuracy  of  99.8%  by  reduction  with  Devarda’s 
alloy,  the  ammonia  liberated  being  absorbed  in  boric  acid  and 
titrated  with  0.01  N  hydrochloric  acid  to  bromocresol  green-methyl 
red  end  point.  By  following  the  procedure  given  below,  a  single 
determination  can  easily  be  run  in  20  minutes.  Nitrites  and  am¬ 
monia  interfere,  but  interference  of  ammonia  can  be  easily  overcome. 
Special  apparatus  described  is  convenient,  but  not  essential. 

METHODS  for  the  determination  of  small  quantities  of  ni¬ 
trates  have,  in  general,  been  either  undesirably  time-con¬ 
suming  or  rather  limited  in  accuracy.  The  Devarda  method,  gen¬ 
erally  accepted  as  the  most  desirable  for  macrodeterminations 
(4),  appeared  to  be  best  suited  to  a  microadaptation  (7,  5),  its 
only  apparent  disadvantage  lying  in  the  time  required  for  an 
analysis  and  the  relative  complexity  of  the  apparatus.  In  the 
hope  of  eliminating  these  disadvantages,  the  work  described  below 
was  undertaken.  Highly  satisfactory  results  were  obtained,  and 
more  than  200  determinations  by  the  method  finally  developed 
have  shown  no  undesirable  features. 

APPARATUS 

The  apparatus  shown  in  Figure  1  was  constructed  to  facilitate 
the  use  of  the  method  in  conjunction  with  certain  other  experi¬ 
ments.  It  is  described  here,  because  it  is  well  suited  to  the 
method  and  very  convenient  to  use.  Where  the  construction  of 
such  special  apparatus  is  impractical,  as  for  only  occasional  de¬ 
terminations,  a  satisfactory  substitute  can  be  assembled  from 
ordinary  laboratory  apparatus. 

The  reaction  and  distilling  flask,  A,  is  a  modification  of  the 
Farnas-VV  agner  micro-Kjeldahl  apparatus  (2,  3),  fitted  with 
standard-taper  joints,  a,  c,  and  an  electrical  heating  coil,  e.  The 
heating  coil  provides  a  convenient  means  of  boiling  the  contents 
oi  the  flask,  being  unaffected  by  drafts  and  capable  of  accurate 
control  by  means  of  a  rheostat.  Since  the  coil  has  a  negligible 
heat  capacity,  there  is  no  lag  when  the  current  is  turned  on  or 
Expanding  air  escaping  from  the  stoppered  inner  tube,  d, 
eflectivel.t  prevents  bumping,  even  when  concentrated  caustic  is 
being  boiled.  Alternatively,  where  the  volume  of  liquid  is  small, 
distillation  can  be  accomplished  by  an  outside  source  of  steam 
entering  through  the  inner  tube  at  a. 

^  sPraY  trap;  B,  and  condenser,  C,  are  a  single  unit,  with 
standai  d-taper  joints  to  fit  the  distilling  and  receiving  flasks. 


spray  trap  is  simply  a  tube  containing  a  wad  of  glass  wool, 

j.  I  his  trap  is  essential,  since  the  reaction  mixture  evolves  a 

large  amount  of  fine  alkaline  spray.  It  is  insulated  by  a  silvered 
vacuum  jacket  to  eliminate  condensation  as  much  as  possible. 
(A  steam  jacket  or  electrical  heating  coil  may  be  substituted 
for  this  jacket,  as  in  the  macromethod  described  by  Scott,  4.) 
It  is  important  that  the  inner  tube  of  the  trap  be  unconstricted 
a ^  ®ea^>  9j  s°  that  the  glass  wool  may  be  readily  replaced. 

ihe  standard  taper  joint,  i,  is  primarily  a  matter  of  conven¬ 
ience,  as  well  as  insurance  against  breakage  of  the  condensate 
delivery  tip,  j.  When  the  receiver,  k,  is  connected  by  means  of 
this  joint,  one  can  be  certain  that  the  delivery  tip  is  covered  by  a 
maximum  depth  of  liquid,  without  danger  of  its  pressing  against 
the  bottom  of  the  flask.  Contamination  is  also  minimized,  since 
only  the  small  vent,  h,  is  open  to  the  atmosphere.  The  receiver, 

k,  is  a  125-ml.  Erlenmeyer  flask. 

Incidentally,  the  experience  of  the  writer  has  been  that  the 
entire  apparatus  may  be  safely  supported  by  one  clamp  on  flask 
A.  The  trap-condenser  unit  is  sufficiently  strong  to  allow  sus¬ 
pension  by  joint  c  alone,  thus  simplifying  assembly,  and  eliminat¬ 
ing  the  danger  of  breakage  through  incorrect  alignment  of  clamps. 


EXPERIMENTAL 

c.p.  potassium  nitrate  was  recrystallized  three  times  from 
double-distilled  water,  and  dried  for  3  hours  at  110°  C.  and  3 
hours  at  200°  C.  (4).  The  product  was  assayed  by  the  fer¬ 
rous  sulfate  method,  and,  indirectly,  by  conversion  to  the  chlo¬ 
ride  and  weighing.  Both  methods  gave  a  potassium  nitrate  con¬ 
tent  of  100%.  Probable  impurities  were  tested  for,  and  found 
absent.  Standard  solutions  were  prepared  from  this  salt  by 
weighing  and  diluting  to  a  definite  volume.  Fresh  solutions  were 
prepared  every  day. 

The  procedure  followed  in  all  tests  was  as  follows:  A  definite 
volume  of  0.01  N  nitrate  solution  was  pipetted  into  the  reaction 
flask  through  joint  c,  after  which  a  weighed  quantity  of  Devarda’s 
alloy  was  added.  The  inside  of  the  joint  was  washed  down  with 
sufficient  water  to  bring  the  total  volume  to  20  ml.,  and  the  spray 
trap  and  condenser  were  connected.  The  receiving  flask,  contain¬ 
ing  10  ml.  of  2%  boric  acid  and  2  drops  of  bromocresol  green- 
methyl  red  indicator  (2),  was  connected  to  the  condenser,  10  ml. 
of  20%  sodium  hydroxide  were  added  through  funnel  b,  and  the 
funnel  stopcock  was  immediately  closed.  The  mixture  was  then 
heated  by  the  electrical  heating  coil  until  the  reaction  proceeded 
vigorously,  when  the  current  was  turned  off.  After  a  definite  length 
of  time,  low  heat  was  turned  on,  and  the  mixture  boiled  until  foam¬ 
ing  had  subsided.  The  heat  was  then  increased,  and  about  10 
ml.  were  distilled  over.  The  receiver  was  lowered,  and  the  dis¬ 
tillation  continued  for  about  30  seconds,  the  delivery  tip  being 
washed  with  a  stream  of  water.  The  distillate  was  then  titrated 
to  a  colorless  end  point  with  0.01  N  hydrochloric  acid  from  a  5- 
ml.  microburet. 
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Figure  1 .  Distillation  Apparatus 


Table  1.  Effect  of  Reaction  Time 

Reaction 

Volume  of 

Weight  of  KNOa 

Time 

0.01153  N  HC1 

Known 

r  ouna“ 

Min. 

Ml. 

Mg. 

Mg. 

60 

4.470 

5.055 

5.065 

4.460 

5.055 

5.053 

4.458 

5.055 

5.051 

Av. 

5.056 

30 

4.462 

5.055 

5.056 

4.468 

5.055 

5.063 

4.462 

5.055 

5.056 

Av. 

5.058 

0 

4.475 

5.055 

5.071 

4.465 

5.055 

5.059 

4.450 

5.055 

5.042 

Av. 

5.057 

15 

0.128 

Blank 

0.149 

0. 124 

Blank 

0. 145 

Av. 

0.147 

a  Final  figures  given  in  this  and  following  tables  are  corrected  for  blank 
jrror.  All  titrations  shown  are  original  buret  readings. 


Considerable  difficulty  was  at  first  encountered  in  obtaining 
consistent  results,  particularly  from  tests  run  on  different  days. 
The  trouble  was  finally  traced  to  the  rubber  tube  connecting  the 
microburet  to  the  standard  acid  reservoir.  Tests  showed  that 
0.01  N  hydrochloric  acid  standing  in  the  rubber  tube  for  48  hours 
was  reduced  in  concentration  by  37%.  A  parallel  test  run  on 
flexible  plastic  tubing  showed  a  concentration  reduction  or  only 
0.9%.  Accordingly,  the  rubber  tube  was  replaced  by  the  plastic, 
after  which  no  further  trouble  was  encountered. 

It  was  decided  first  to  determine  the  length  of  time  actually 
required  to  effect  a  quantitative  reduction  of  the  nitrate  by  the 
process.  In  all  tests,  5-ml.  aliquots  of  0.01  N  potassium  nitrate 
and  0.5-gram  portions  of  Devarda’s  alloy  were  used,  the  reaction 
mixture  being  allowed  to  stand  for  varying  lengths  of  time  be¬ 
tween  initiation  of  the  reaction  and  the  preliminary  boiling.  The 
results  of  this  experiment  are  given  in  Table  I.  Evidently,  re¬ 
action  time  preliminary  to  boiling  is  not  a  factor  in  the  accuracy 
of  the  method.  For  practical  purposes,  however,  it  is  advisable 
to  allow  5  to  10  minutes  for  the  reaction  to  subside,  since  the  mix¬ 
ture  is  apt  to  foam  up  into  the  spray  trap  if  boiled  immediately. 
For  this  reason,  an  interval  of  10  minutes  was  allowed  in  all  sub¬ 
sequent  tests. 

The  quantity  of  Devarda’s  alloy  necessary  to  complete  the  re¬ 
action  was  another  factor  open  to  question.  Inasmuch  as  the 
alloy  itself  is  the  chief  source  of  the  blank  error,  it  is  desirable  to 


Table  II.  Effect  of  Weight  of  Devarda’s  Alloy 


Weight  of 

Volume  of 

Weig 

ht  of  KNOa 

Alloy 

0.01153  N  HC1 

Known 

Found 

Recovery 

Gram, 

Ml. 

Mg. 

Mg. 

% 

0. 1 

0.060 

Blank 

0.070 

. . . 

0.060 

Blank 

0.070 

3.240 

5.595 

3.708 

66!  3' 

3.210 

5.595 

3.673 

65.7 

0.2 

4.684 

5.595 

5.353 

95.7 

4.700 

5.595 

5.372 

96.0 

0.5 

0.128 

Blank 

0.149 

. . . 

0.124 

Blank 

0.145 

4.460 

5.055 

5.053 

io6!o 

4.485 

5.055 

5.081 

100.5 

1.0 

0.275 

Blank 

0.321 

. . . 

0.265 

Blank 

0.3.09 

4.600 

5.055 

5.049 

99!  9 

4.620 

5.055 

5.072 

100.3 

use  as  little  as  possible.  Using  an  equal  amoun  t  of  standard  potas 
sium  nitrate  in  each  case,  a  series  of  tests  was  run  with  the  weight 
of  alloy  as  the  variable  (Table  II).  As  was  to  be  expected,  a 
certain  minimum  weight  (0.5  gram)  of  alloy  was  found  necessary 
to  produce  stoichiometric  results.  Larger  amounts  merely  in¬ 
creased  the  blank. 

The  two  uncertain  factors  involved  in  the  method  having  been 
determined,  a  series  of  analyses  was  run  on  samples  of  varying 
nitrate  concentrations,  in  order  to  determine  the  method’s  range 
of  accuracy.  In  addition  to  the  purified  potassium  nitrate  used 
in  the  previous  experiments,  samples  of  dried  c.p.  sodium  nitrate 
were  analyzed  as  an  additional  check  (Tables  III  and  IV). 

PRECISION  AND  ACCURACY  OF  METHOD 

The  deviations  from  the  means  of  the  analyses  listed  in  Tables 
III  and  IV,  expressed  as  weights  rather  than  percentages,  are 


Table  III.  Effect  of  Size  of  Sample  on  Accuracy 


Weight 
of  KNO3 

Volume  of 

Weight 
of  KNOa 

Deviation 

Error 

Known 

0.01153  N  HC1 

Found 

.  from  Mean 

Mg. 

Ml. 

Mg. 

Mg. 

% 

Blank 

0.128 

0.149 

. . . 

. . . 

0.124 

Av. 

0.145 

0.147 

... 

0.506 

0.560 

0.506 

0.010 

0.0 

0.540 

0.483 

0.013 

4 . 5 

0.555 

0.500 

0.004 

1.2 

Av. 

0.496 

0.009 

1.8 

1.011 

0.995 

1.013 

0.002 

0.2 

1.005 

1.025 

0.010 

1.4 

0.990 

1.007 

0.008 

0.4 

Av. 

1.015 

0.007 

0.7 

1.900 

2.069 

0.027 

2.3 

1.860 

2.022 

0.020 

0.0 

1.872 

2.036 

0.006 

0.7 

Av.  2.042 

0.018 

0.0 

4.470 

5.065 

0.011 

0.2 

4.450 

5.042 

0.012 

0.3 

4.465 

5.059 

0.005 

0. 1 

4.445 

5.036 

0.018 

0.4 

4.465 

5.059 

0.005 

0. 1 

4.470 

5.065 

0.011 

0.2 

4.458 

5.051 

0.003 

0. 1 

Av. 


5.054 

0.009 

0.2 

es  of  C.P. 

Sodium  Nitrate 

Weight 

of  NaNOa 

Deviation 

Error 

Found 

from  Mean 

Mg. 

Mg. 

% 

1.699 

0.003 

0.1 

1.694 

0.008 

0.4 

1.714 

0.012 

0.8 

1.701 

0.001 

0.1 

1.702 

0.006 

0.4 

4.245 

0.004 

0.1 

4.252 

0.003 

V  00 

>  ,0.3 

4.262 

0.013 

4.238 

0.011 

0.3 

4.249 

0.000 

0.0 

4.249 

0.006 

0.1 

Table  IV. 


Weight 
of  NaNOa 
Known 
Mg. 
1.700 


4.251 


Volume  of 
0.01153  W  HC1 
Ml. 

1.860 

1.855 

1.875 

1.862 


4.458 

4.465 

4.475 

4.450 

4.462 


Av. 


Av. 
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fairly  constant.  They  may  be  largely,  if  not  entirely,  attributed 
to  unavoidable  errors  of  measurement,  since  in  only  one  case  is 
the  deviation  greater  than  the  equivalent  of  one  drop  in  the  ti¬ 
tration. 

The  accuracy  of  the  method  is  good:  99.8  to  99.9%  for  0.05- 
milliequivalent  samples.  Considering  the  nature  of  the  deviation 
from  the  mean,  it  is  obvious  that  the  accuracy  of  a  single  deter¬ 
mination  will  decrease  with  smaller  samples,  and  that  the  accu¬ 
racy  of  the  mean  value  of  several  determinations  will  decrease  as 
the  size  of  the  sample  approaches  that  of  the  blank.  These  facts 
are  corroborated  by  the  last  columns  of  Tables  III  and  IV. 

INTERFERENCES 

Certain  types  of  nitrogen  compounds  may  be  expected  to  in¬ 
terfere  with  the  method.  Of  these,  ammonium  and  nitrite  com- 
» pounds  are  the  most  likely  to  be  encountered.  The  former  may 
readily  be  removed  by  adding  alkali  and  boiling,  before  the  addi¬ 
tion  of  the  Devarda’s  alloy.  (If  this  procedure  is  followed,  the 
mixture  should  be  cooled  thoroughly  before  adding  the  alloy.) 
Nitrites  must  be  determined  separately,  and  deducted  from  the 
total. 

As  opposed  to  the  macromethod  described  by  Scott,  carbon 
dioxide  shows  no  evidence  of  interference  with  this  Method. 


OUTLINE  OF  PROCEDURE 

Reagents.  Devarda’s  Alloy,  analyzed  reagent. 

bodmm  Hydroxide,  ammonia-  and  nitrate-free.  Dissolve 
i()0  grams  of  c.p.  sodium  hydroxide  in  water,  and  make  up  to  1 
i  «er  •  a'Jout  1  gram  of  Devarda’s  alloy,  and  boil  for  about 
10  minutes.  Cool,  replace  any  water  boiled  off,  and  store  in  a 
well-stoppered  bottle  (preferably  Pyrex). 

Boric  Acid,  2%  c.p.  boric  acid  crystals  in  water. 

Indicator,  10  ml.  of  0.1%  bromocresol  green  plus  2  ml.  of  0  1% 
methyl  red,  in  95%  ethanol.  /0 
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Standard  Hydrochloric  Acid.  Prepare  approximately  0.01 1 
A  hydrochloric  acid,  and  standardize  against  pure  potassium 
mtrate  by  the  method  given.  (Avoid  contact  of  the  standardized , 
acid  with  rubber.) 

Analyse  Pipet  10  ml.  of  2%  boric  acid  into  the  receiving 
Mask,  and  add  2  drops  of  bromocresol  green-methyl  red  indicator 
Place  a  fresh  plug  of  glass  wool  in  the  spray  trap.  (Care  should 
be  taken  to  remove  any  fibers  of  glass  wool  from  the  ground 
joint.) 

Place  the  sample  in  the  distilling  flask,  and  add  0.5  gram  of 
Devarda  s  alloy.  (Where  a  large  number  of  determinations  are 
to  be  made,  measure  the  alloy  by  volume,  using  a  cup  made  for 
the  purpose.)  Wash  down  with  water,  bringing  the  total  1 
volume  to  20  to  25  ml.  Connect  the  spray  trap,  condenser,  and 
receiver.  Add  10  ml.  of  20%  sodium  hydroxide  through  the 
funnel,  and  close  the  stopcock. 

Heat  the  mixture  until  it  effervesces  vigorously,  and  then  let 
stand  for  at  least  5  minutes.  Again  heat,  gently,  until  foaming 
subsides.  Then  increase  the  heat,  and  distill  about  10  ml  (If 
the  spray  trap  is  not  vacuum-jacketed,  electrical  or  steam  heat 
should  be  turned  on  before  beginning  the  distillation.) 

Lower  the  receiver,  and  continue  distillation  for  about  30 
seconds,  washing  the  delivery  tip  with  water.  Titrate  the  dis¬ 
tillate  with  0.01  N  hydrochloric  acid  to  a  colorless  end  point. 

It  is  advisable  after  each  determination  to  replace  the  glass 
wool  in  the  spray  trap,  and  to  rinse  out  the  trap  and  condenser 
with  water.  The  reaction  flask  should  be  cleaned  in  the  following 
way;  Rinse  out  most  of  the  residue  with  water.  Shake  the  flask 
with  hydrochloric  acid  to  dissolve  the  precipitated  aluminum 
and  zinc  hydroxides  and  the  residue  of  the  alloy,  and  finally  rinse  ' 
again  with  water. 
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Microdetermination  of  Nitric  Oxide  in  Gases 

RICHARD  KIESELBACH,  Bakelite  Corporation,  Bound  Brook,  N.  J. 


Nitric  oxide  may  be  determined  in  olefin-free  gases  with  an  accuracy 
and  precision  of  99.0%  by  the  method  described.  The  gas  is 
passed  through  an  alkaline  permanganate  solution  in  a  specially 
designed  scrubber,  after  which  the  solution  is  analyzed  by  the  micro- 
Devarda  method.  Gases  containing  unsaturated  components  may 
be  analyzed  with  a  modification  of  the  procedure.  If  the  olefin 
concentration  is  low,  it  is  necessary  only  to  increase  the  perman¬ 
ganate  concentration  of  the  absorbent.  If  it  is  high,  the  gas  must 
first  be  scrubbed  with  sulfuric  acid  saturated  with  silver  sulfate. 
Higher  nitrogen  oxides  interfere.  If  present,  they  should  be  re¬ 
moved  by  scrubbing  the  gas  with  dilute  alkali.  The  method  may 
conveniently  be  used  with  nitric  oxide  concentrations  down  to  2 
parts  per  million.  A  semiautomatic  sampling  apparatus  for  routine 
tests  is  described. 


P  ECAUSE  of  the  insoluble  and  generally  inert  nature  of  nitric 
oxide,  methods  for  its  determination  necessarily  involve  a 
preliminary  oxidation  to  the  more  soluble  nitrogen  dioxide. 
Three  oxidizing  agents  have  been  used  in  the  most  successful 
methods,  all  of  which  suffer  from  one  or  more  disadvantages. 
Hydrogen  peroxide,  in  acid,  alkaline,  and  neutral  solution,  has 
been  recommended  by  a  number  of  investigators  (/,  2,  3,  7,  15). 
However,  the  impurities  it  inevitably  contains  produce  too  high  a 
blank  to  allow  its  use  with  low  concentrations  of  nitric  oxide  ( 6 ). 
Fulweiler  (4,  5,  6)  has  developed  a  generally  satisfactory  method 
of  analysis,  using  oxygen  and  a  catalyst  mixed  with' the  gas  before 


absorption.  His  apparatus,  however,  is  rather  complex,  and  a 
rather  large  correction  factor  must  be  applied.  Oxygen  alone 
can  be  used  only  with  certain  illuminating  gases,  which  already 
contain  catalysts  ( 6 ,  13).  Potassium  permanganate  has  been 
used  successfully  by  Shnidman  and  Yeaw  (14),  its  only  disadvan¬ 
tage  lying  in  the  fact  that  it  is  reduced  by  the  olefins  usually  pres¬ 
ent  in  illuminating  gases  (6,  8).  Since  the  gas  to  be  analyzed  by 
the  writer  contained  negligible  quantities  of  reducing  compounds, 
permanganate  appeared  to  be  the  oxidizing  agent  best  suited  to 
the  purpose. 

The  nitrogen  dioxide  obtained  from  the  oxidation  of  the  nitric 
oxide  has,  in  the  past,  almost  invariably  been  determined  colori- 
metrically,  by  absorption  in  a  suitable  reagent.  Extreme  sensi¬ 
tivity  is  thus  obtained:  the  Griess-Ilosvay  reagent  is  capable  of 
detecting  0.1  microgram  of  nitric  oxide  as  the  nitrite  (6).  How¬ 
ever,  a  rather  low  order  of  precision  is  obtained  with  all  the  meth¬ 
ods  reviewed,  the  variation  in  some  cases  exceeding  the  necessary 
correction  factor.  For  this  reason,  the  volumetric  micro-De- 
varda  method  (10)  was  chosen  for  use  with  the  method  to  be  de¬ 
scribed.  Alkaline  permanganate  was  used  as  the  oxidizing  agent, 
so  that  a  second  scrubber  to  retain  the  nitrogen  dioxide  was  un¬ 
necessary. 

In  order  properly  to  develop  and  evaluate  the  method,  it  was 
necessary  to  test  it  against  known  mixtures  of  nitric  oxide.  As 
mentioned  by  Shnidman  and  Yeaw  (14),  the  storage  of  previously 
prepared  dilutions  of  nitric  oxide  is  an  exceedingly  dubious  propo¬ 
sition.  For  this  reason,  it  was  preferred  to  store  pure  nitric  ox- 
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de,  metering  it  directly  into  the  gas  stream  during  the  absorption 
•un.  Water  appeared  to  be  the  best  confining  liquid  for  the  gas. 
Organic  liquids  were,  of  course,  out  of  the  question,  and  even 
nercury  is  attacked  by  the  gas  in  time.  However,  nitric  oxide  is 
slowly  decomposed  to  nitrogen  in  the  presence  of  water  (11). 
Consequently,  the  gas  was  assayed  regularly  with  a  gas  buret,  and 
•enewed  when  the  assay  fell  below  99%. 

i  In  order  to  avoid  additional  calculations  and  a  possible  source 
of  error,  the  nitric  oxide, 'which,  of  course,  was  saturated  with 
water  vapor,  was  passed  through  a  desiccant  before  use. 

EXPERIMENTAL  APPARATUS 

The  apparatus  used  in  the  development  of  the  method  was,  so 
far  as  possible,  constructed  entirely  of  Pyrex.  Plastic  tubing  was 
used  wherever  flexibility  was  required,  and  full-length  standard- 
taper  joints  were  used  wherever  breaks  in  the  line  were  necessary. 

The  layout  of  the  apparatus  was  as  follows:  Nitrogen  from  a 
constant-pressure  reservoir  was  led  through  a  flowmeter  to  a  mix- 
ing  chamber,  and  then,  by  way  of  a  3-way  stopcock,  through 
either  a  capillary  by-pass  or  the  scrubber.  Pure  nitric  oxide, 
stored  over  water  in  an  all-glass  chamber  (Figure  1),  was  ad 
mitted  through  a  phosphorus  pentoxide  jar  to  a  calibrated  capil¬ 
lary  pipet  of  about  1-ml.  capacity,  from  which  it  was  displaced  bj 
mercury  into  the  nitrogen  stream  in  the  mixing  chamber,  in 
order  to  prevent  diffusion,  the  connection  between  the  pipet  and 
the  mixing  chamber  was  a  fine  capillary.  A  thermometer  and 
manometer  were  provided,  for  use  in  calculation  of  volume  cor- 

rections-itric  content  0f  the  gas  mixture  was  determined  by 

the  rate  at  which  the  mercury  was  admitted  into  the  nitric  oxide 
pipet.  This  was  controlled  by  a  leveling  bulb  lifted  by  a  chain 
passing  over  a  synchronous  motor-driven  sprocket.  I  mis,  varia~ 
tions  in  the  nitric  oxide  concentration  could  be  obtained  by  vary¬ 
ing  the  diameter  of  the  sprocket. 


Table  I.  Effect  of  Gas  Flow  Rate 

(Scrubber,  3  fritted-glass  bubblers.  Absorbent,  0.5%  KMnO,-0.5%  NaOH. 
NO  concentration,  27  micrograms  per  liter) 


Flow  Rate 

Recovery 

Average 

Average  Deviation 

Ml. /min. 

% 

% 

% 

300 

94.9 

97.4 

95.9 

96.1 

0.9 

600 

84.7 

86.4 

0.8 

86.7 

85.9 

The  approximate  optimum  range  of  flow  rate  and  absorbent  con¬ 
centration  were  determined,  using  as  a  scrubber  a  column  of 
three  fritted  glass  bubblers  (9).  A  systematic  study  was  then 
made  of  the  four  major  variables  affecting  the  accuracy  of  the 
method — i.e.,  the  flow  rate,  the  absorbent  concentration,  the  ni¬ 
tric  oxide  concentration,  and  the  type  of  scrubber. 

The  first  runs  were  made  with  a  concentration  of  27  micro¬ 
grams  of  nitric  oxide  per  liter,  since  this  was  known  to  approxi¬ 
mate  the  actual  composition  of  the  gas  eventually  to  be  analyzed. 
(Nitric  oxide  concentration  is  expressed  in  micrograms  per  liter, 
since  that  was  the  actual  relationship  measured.  To  convert 
approximately  to  parts  per  million  by  volume  at  25  C.  and  760 
mm.,  multiply  by  0.815.)  An  absorbent  solution  composed  of 
0.5%  potassium  permanganate  and  0.5%  sodium  hydroxide  was 
used,  except  when  the  effect  of  that  concentration  was  being 
studied. 

The  first  tests  made  were  to  determine  the  effect  of  the  gas  flow 


EXPERIMENTAL  PROCEDURE 

At  the  start  of  a  run,  a  capillary  tube  creating 
the  same  effective  back  pressure  as  the  scrubber 
to  be  used  was  connected  to  the  by-pass  port  of 
the  3-way  stopcock.  The  nitrogen  flow  was 
started,  and  adjustments  were  made  with  the 
gas  going  through  the  by-pass. 

The  mercury  in  the  nitric  oxide  delivery  pipet 
was  lowered  below  the  T-connection  to  the  nitric 
oxide  reservoir,  and  the  pipet  was  flushed  with 
about  5  ml.  of  the  gas.  The  synchronous  motor 
feed  was  then  started,  the  nitrogen-nitric  oxide 
mixture  being  led  through  the  by-pass  until  the 
mercury  level  reached  the  lower  graduation  of  the 
pipet.  Sufficient  time  elapsed  in  this  period  for 
the  nitric  oxide  used  in  flushing  the  pipet  to  be 
swept  out  of  the  system. 

The  3-way  stopcock  was  then  turned  to  pass 
the  gas  through  the  scrubber,  and  the  time  was 
noted.  When  the  mercury  reached  the  upper 
graduation  of  the  pipet,  the  time  was  again  noted, 
and  the  gas  flow  switched  back  to  the  by-pass. 

The  absorbent  solution  in  the  scrubber  was 
then  washed  into  the  micro-Devarda  reaction 
flask,  and  an  amount  of  oxalic  acid  sufficient  to 
reduce  the  excess  permanganate  to  manganese 
dioxide  was  added.  The  solution  was  boiled 
down  to  about  20  ml.,  after  which  the  micro- 
Devarda  reaction  and  distillation  were  carried  out 
in  the  usual  way  (10). 

In  the  reduction  of  the  permanganate,  excess 
oxalic  acid  was  required,  in  order  to  reduce  the 
pH  of  the  solution  to  a  value  where  the  reaction 
could  occur.  The  oxalic  acid  remaining  after  the 
reduction  had  no  effect  upon  the  subsequent 
Devarda  reaction.  Incidentally,  the  final  titra¬ 
tion  blank  was  not  appreciably  affected  by  any 
of  these  reagents. 

DETERMINATION  OF  FACTORS  INFLUENCING 
ACCURACY  OF  METHOD 

A  large  number  of  preliminary  runs  were 
made,  in  the  course  of  which  several  kinks  in 
the  apparatus  were  found  and  ironed  out. 
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rate,  using  a  column  of  three  fritted  glass  bubblers, 
are  given  in  Table  I. 

Flow  rates  lower  than  300  ml.  per  minute  were  not  investigated, 
since  the  longer  runs  that  would  be  required  did  not  seem  war¬ 
ranted  by  the  4%  error  to  be  corrected. 
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Table  II.  Effect  of  Gas  Flow  Rate 


(Scrubber  modified  Shaw  scrubber.  Absorbent,  0.5%  KMnO»- 
0.5%  NaOH.  NO  concentration,  27  micrograms  per  liter) 


Flow  Hate 

Recovery 

Average 

Average  Deviation 

Ml./ min. 

% 

% 

% 

300 

97.3 

95.3 

94.3 

95.7 

95.7 

0.9 

600 

86.7 

85.9 

87.7 

86.8 

0.6 

Table  III.  Effect  of  Absorbent  Concentration 


(Scrubber,  modified  Shaw  scrubber.  NO  concentration,  55  micrograms  pei 
liter.  Flow  rate,  300  ml.  per  minute) 


Figure  2.  Modified  Shaw  Scrubber 


EXHAUST 


The  fritted-glass  bubblers  appeared  to  be  entirely  satisfactory, 
from  the  standpoint  of  efficiency.  They  had  one  disadvantage, 
however,  in  that  they  created  a  rather  high  back  pressure:  72 
mm.  of  mercury  at  300  ml.  per  minute.  For  this  reason,  another 
type  of  scrubber,  designed  to  create  a  low  back  pressure,  was  also 
tested.  This  scrubber  (not  illustrated)  was  a  modification  of  that 
described  by  Shaw  {12),  in  which  the  packed  column  section  was 
■enlarged  to  200  mm.  by  30  mm.  in  diameter.  Its  back  pressure 
was  100  mm.  of  water  at  300  ml.  per  minute.  The  results  of 
flow  rate  tests  with  this  scrubber  (Table  II),  sur¬ 
prisingly  enough,  were  almost  identical  with  those 
obtained  with  the  fritted-glass  bubblers. 

As  compared  with  the  fritted-glass  bubblers, 
a  rather  large  amount  of  water  was  required  to 
wash  the  Shaw-type  scrubber  free  of  absorbent 
solution.  However,  this  drawback  was  felt  to  be 
less  disadvantageous  than  the  high  back  pressure 
of  the  bubblers.  Accordingly,  all  further  tests  were 
made  with  this  scrubber.  A  flow  rate  of  300  ml. 
per  minute  was  taken  as  a  standard. 

Tests  were  next  made  of  the  effect  of  absorbent 
concentration  (Table  III).  A  somewhat  higher 
nitric  oxide  concentration  was  used,  on  the  as¬ 
sumption  that  this  would  make  more  noticeable 
any  falling  off  of  efficiency  at  the  lower  absorbent 
concentrations.  For  simplicity’s  sake,  equal 
amounts  of  potassium  permanganate  and  sodium 
hydroxide  were  always  used,  the  percentage 


KMnCh-NaOH 

Concentration 

Recovery 

Average 

Average  Deviation 

% 

% 

% 

% 

0.5 

97.0 

96.5 

97.1 

96.9 

0.2 

0.2 

97.3 

95.3 

96.0 

96.2 

0.7 

0.1 

92.4 

90.0 

90.6 

91.0 

0.9 

indicated  in  the  table  referring  to  the 

concentration  of  each 

component. 

The  results  of  these  tests  demonstrate  that  maximum  recovery 
is  obtained  as  long  as  the  concentration  of  the  absorption  reagents 
is  greater  than  0.2%  potassium  permanganate  and  0.2%  sodium 

•  Table  IV. 

Effect  of  Nitric  Oxide  Concentration 

(Scrubber,  modified 

Shaw  scrubber.  Absorbent,  0.5%  KMnOi- 

0.5%  NaUH.  Flow  rate,  300  ml.  per  minute) 

NO  Concentration 

Recovery 

Average 

Average  Deviation 

V-Q./l. 

% 

% 

% 

291 

96.7 

96.7 

58 

97.0 

52 

96.5 

54 

97.1 

96.9 

0.2 

26 

97.3 

28 

95.3 

27 

94.3 

27 

95.7 

95.7 

0.9 

5.5 

93.2 

5.7 

93.1 

5.7 

92.6 

93.0 

0.2 

Figure  3.  Flow  Sheet  for  Gas-Absorption  Apparatus 
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The  low  precision  encoun¬ 
tered  in  the  tests  at  2.6  micro¬ 
grams  of  nitric  oxide  per  liter 
requires  some  explanation.  It 
was  obviously  desirable  to  test 
the  scrubber  at  as  low  a  nitric 
oxide  concentration  as  possible, 
in  order  to  detect  any  falling 
oS  of  efficiency.  However,  in 
order  to  keep  the  duration  of 
the  test  run  within  reasonable 
limits,  it  was  necessary  to  use 
a  smaller  total  volume  of  nitric 
oxide  than  usual.  This  was 
accomplished  by  raising  the 
mercury  in  the  nitric  oxide 
pipet  three-fourths  of  the 
pipet’s  length  before  starting 
the  run.  Because  of  the 
shorter  distance  then  to  be 
traveled  by  the  mercury,  errors 
of  measurement  were  mag¬ 
nified.  Furthermore,  in  view 
of  the  low  velocity  of  the 
nitric  oxide,  diffusion  of  the 
gas  contained  in  the  capillary 
connecting  the  pipet  to  the  mixing  chamber  became  a  consider¬ 
able  factor.  These  two  considerations  easily  account  for  the  ap¬ 
parently  poor  showing  of  the  scrubber.  Inasmuch  as  the  gas  to 
be  analyzed  would  seldom,  if  ever,  contain  such  low  nitric  oxide 


ydroxide.  To  be  on  the  safe  side,  a  0.5%  potassium  perman- 
anate-0.5%  sodium  hydroxide  solution  was  taken  as  the  stand- 
,rd  absorbent. 

The  optimum  conditions  of  operation  having  been  found,  it 


Figure  4.  Motor-Driven  Valve 


emained  only  to  determine  the  range  of  nitric 


ixide  concentration  over  which  the  method  was 
:ffective.  A  series  of  tests  was  accordingly 
nade,  in  which  the  nitric  oxide  content  of  the 
;as  was  varied.  The  results  of  these  tests  are 
;hown  in  Table  IV. 

These  tests  showed  a  definite  falling  off  of 
icrubber  efficiency  at  the  lower  nitric  oxide  con- 
:entrations.  For  this  reason,  as  well  as  to  make 
i  more  compact  and  convenient  unit,  the 
scrubber  was  redesigned.  The  final  design  is 
shown  in  Figure  2.  The  packed  section  of  this 
scrubber  has  the  same  total  volume  as  that  of 
the  first  model,  but  is  shorter  and  wider,  thus 
producing  a  lower  gas  velocity  for  a  given  flow 
rate.  The  back  pressure  at  300  ml.  per  minute 
is  70  mm.  of  water. 

Several  other  modifications  were  included  in 
the  new  design,  to  simplify  operation.  Per¬ 
forated  glass  disks  sealed  above  and  below  the 
packed  section  keep  the  glass  balls  in  place,  and 
also  reduce  the  probability  of  breakage  of  the 
inner  tube.  A  capillary  by-pass  is  incorporated 
directly  into  the  unit,  while  a  quarter  turn  of 
the  special  4-way  stopcock  at  the  bottom  directs 
the  gas  stream  through  either  the  by-pass  or  the 
scrubber.  After  a  run,  a  quarter  turn  of  the 
same  stopcock  opens  the  drain  at  the  bottom  of 
the  unit,.  The  standard-taper  joint  at  the 
bottom  serves  to  connect  the  scrubber  to  the  gas 
line,  or,  while  draining,  to  the  reaction  flask. 
In  addition,  it  provides  a  convenient  means  of 
support  for  the  apparatus,  eliminating  the  need 
for  a  clamp. 

The  effect  of  nitric  oxide  concentration  on  the 
efficiency  of  the  new  scrubber  was  tested,  as 
shown  in  Table  V.  For  practical  purposes,  the 
efficiency  of  the  redesigned  scrubber  was  100%. 
Since  any  loss  of  efficiency  would  appear  at  the 
lower  nitric  oxide  concentrations,  tests  at  high 
concentrations  were  not  considered  necessary. 


Figure  5.  Gas-Sampling  Apparatus,  Front 
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Table  V.  Effect  of  Nitric  Oxide  Concentration 

(Scrubber,  modified  Shaw  scrubber  No.  2.  Absorbent,  0.5%  KMnOi- 
0.5%  NaOH.  Flow  rate,  300  ml.  per  minute) 


NO  Concentration 

Recovery 

Average 

Average  Deviation 

W./l. 

% 

% 

% 

27 

100.0 

26 

98.9 

27 

99.1 

99.3 

0.4 

5.9 

99.5 

5.6 

100.0 

5.7 

99.5 

99.7 

0.2 

2.6 

107 

2.6 

98 

2.6 

95 

100 

5 

concentrations,  it  was  not  considered  worth  while  to  construct  and 
calibrate  a  special  pipet  for  this  one  test. 

The  average  deviation  figures  given  in  the  various  tables  ac¬ 
tually  represent  the  over-all  precision  of  the  test  method,  includ¬ 
ing  the  apparatus  used  to  prepare  the  nitric  oxide  mixtures.  The 
true  precision  of  the  analytical  method  is  probably  somewhat 
better  than  this. 

SOURCES  OF  ERROR  AND  APPLICABILITY  OF  THE  METHOD 

Sources  of  error  in  the  micro-Devarda  procedure  used  in  con¬ 
junction  with  this  method  have  already  been  discussed  (10). 
Obviously,  all  water  and  reagents  used  should  be  free  of  nitrates 
and  ammonia.  As  mentioned  above,  the  reduced  absorption  re¬ 
agents  have  no  effect  upon  the  analysis.  The  only  factor  re¬ 
quiring  special  consideration  in  this  application  is  the  size  of  the 
sample.  For  the  highest  precision  and  accuracy,  the  sample 
should  be  large  enough  to  require  a  titration  of  at  least  1  ml.— 
i.e.,  not  less  than  0.25  mg.  of  nitric  oxide.  It  is  obvious,  therefore, 
that  accuracy  must  be  balanced  against  convenience,  where  long 
runs  would  be  required  to  analyze  gases  of  low  nitric  oxide  con¬ 
tent. 


Figure  6.  Gas-Sampling  Apparatus,  Rear 
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In  this  connection,  it  should  be  remembered  that  the  metht 
has  not  been  checked  against  nitric  oxide  concentrations  of  le 
than  2.6  micrograms  per  liter.  Judging  by  the  behavior  of  tl 
original  modified  Shaw  scrubber,  it  appears  possible  that  tl 
efficiency  of  the  improved  scrubber  might  start  to  fall  off  at  son 
lower  concentration.  This  possibility  should  be  checked,  if  acc- 
rate  determinations  of  very  low  nitric  oxide  concentrations  a 
required. 

Because  of  its  convenience  and  compactness,  a  differenti 
flowmeter  of  the  capillary  type  is  used  by  the  writer  for  tl 
measurement  of  the  gas.  (Where  only  a  low  gas  pressure  is  avai 
able,  a  wet  gas  meter  may  be  used  to  advantage.)  The  signil 
cance  of  an  error  in  reading  the  flowmeter  depends  upon  its  d 
sign.  If  sufficient  gas  pressure  is  available,  the  differential  may  I 
made  large  enough  to  make  reading  errors  negligible.  The  bac 
pressure  of  the  scrubber  (70  mm.  of  water)  introduces  a  sma 
error  in  the  flowmeter  reading,  which  can  be  corrected.  Tl 
variation  in  back  pressure  is  too  small  to  be  significant.  Timir 
the  run  is,  of  course,  necessary,  where  a  flowmeter  is  use< 
Errors  from  this  source  are  ordinarily  negligible. 

Leaks  in  the  apparatus  obviously  are  to  be  avoided.  Rubb< 
tubing  connections  are  undesirable  from  this  standpoint,  and  als 
because  of  the  fact  that  a  certain  amount  of  nitric  oxide  may  fc 
absorbed  by  the  rubber.  So  far  as  possible,  the  apparatc 
should  be  all  glass,  with  fused  connections.  Flexible  connectior 
are  best  made  with  plastic  tubing. 

Several  of  the  first  trials  of  the  final  scrubber  design  wei 
spoiled  by  uneven  wetting  of  the  packing.  This  difficulty  ma, 
be  avoided  by  turning  the  charged  scrubber  over,  and  wettin 
all  the  balls  with  the  absorbent  solution.  If  the  balls  are  uni 
formly  wetted  at  the  start,  no  appreciable  channeling  will  occu 
during  the  run. 

Excessive  reduction  of  the  permanganate  absorbent  by  un 
saturated  compounds  will,  as  indicated  in  Table  III,  give  rise  to  i 
serious  error.  The  effective  potassium  permanganate  concen 
tration  must  never  fall  below  0.2%.  To  this  end,  the  initial  con 
centra tion  of  the  absorbent  may  be  raised  up  to  5%  potassiun 
permanganate-5  %  sodium  hydroxide,  without  otherwise  affect 
ing  the  analysis.  If  this  means  is  insufficient  to  handle  the  reduc 
ing  compounds,  a  preliminary  scrubbing  is  necessary.  Satisfac 
tory  results  were  obtained  by  the  writer  by  scrubbing  illuminatinj 
gas  with  sulfuric  acid  saturated  with  silver  sulfate  (16).  Th< 
Shaw  scrubber  used  for  this  purpose  was  similar  to  thatillustratec 
in  Figure  2,  except  that  the  liquid  reservoir  (lower  section)  had  8 
capacity  of  150  ml.  About  18  liters  of  gas  can  be  handled  by  10( 
ml.  of  sulfuric  acid-silver  sulfate  before  olefins  start  to  come 
through. 

Nitrogen  peroxide  is  likely  to  be  found  in  any  gas  containing 
nitric  oxide.  Obviously,  all  the  higher  oxides  will  interfere.  Un¬ 
less  known  to  be  absent,  they  should  be  removed  by  a  preliminary 
scrubbing  of  the  gas  with  0.5%  sodium  hydroxide.  Incidentally, 
the  higher  oxides,  as  a  group,  may  easily  be  determined  by  the 
present  method,  merely  by  substituting  0.5%  sodium  hydroxide 
for  the  0.5%  potassium  permanganate-0. 5%  sodium  hydroxide 
absorbent  solution. 

ROUTINE  TEST  APPARATUS 

A  semiautomatic,  portable  apparatus  was  constructed,  for 
convenience  in  sampling  gases  at  various  locations.  Its  flow 
sheet  is  given  in  Figure  3.  Gas  entering  the  apparatus  is  freed  of 
suspended  matter  by  a  glass  wool  filter,  and  then  led  by  a  3-way 
stopcock  through  either  a  wet  and  dry  .bulb  hygrometer  or  the 
flowmeter-scrubber  system.  (The  hygrometer  is  used  for  deter¬ 
mining  the  dew  point  of  the  gas.  This  measurement  is  required 
on  the  gas  being  analyzed  by  the  writer,  but  is  not  related  to  the 
nitric  oxide  determination.) 

A  flow  rate  through  the  scrubber  of  300  =*=  2  ml.  per  minute  is 
automatically  maintained  by  means  of  a  motor-driven  valve 
controlled  by  a  differential  capillary  flowmeter.  Dilute  sulfuric 
acid  in  a  manometer  in  parallel  with  the  water-filled  flowmeter 
manometer  makes  or  breaks  contact  with  fixed  platinum  con- 
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tacts.  A  small  magnetic  relay  is  thus  operated,  which,  in  turn, 
operates  a  reversible  Telechron  motor  to  close  or  open  the  valve. 
A  bulb  on  an  eccentric  dipping  into  the  well  of  the  sulfuric  acid 
manometer  facilitates  minor  adjustments  of  the  zero  point. 


Figure  7.  Micro-Devarda  Apparatus 


The  assembled  sampling  apparatus  is  shown  in  Figure  5  (front 
view)  and  Figure  6  (rear  view).  It  is  relatively  compact  and 
easily  portable.  The  cabinet  is  provided  with  removable  sliding 
doors,  front  and  back.  . 

The  micro-Devarda  flask,  used  in  the  analysis  of  the  dissolved 
sample,  has  been  somewhat  simplified  (Figure  7).  The  original 
flask  (10)  was  entirely  vacuum- jacketed,  to  prevent  excessive 
condensation,  when  distilling  with  an  outside  source  of  steam. 
This  feature  is  not  required  for  the  present  application,  resulting 
in  a  more  easily  constructed  and  compact  apparatus.  The  electri¬ 
cal  heating  coil  alone  is  vacuum-jacketed,  chiefly  for  protection. 
Electrical  connections  are  made  through  a  standard  2-prong  plug, 
cemented  to  the  flask,  to  make  a  base  similar  to  that  of  a  radio 
tube.  The  leads  are  thus  protected,  and  connection  to  an  exten¬ 
sion  cord  is  simplified.  A  stopcock  is  provided  on  the  left  side  of 
the  flask,  where  suction  may  be  applied  to  facilitate  drainage  of 
the  scrubber  info  the  flask.  As  the  photograph  shows,  the  flask  is 
used  in  an  upright  position,  making  for  a  more  compact  distilla¬ 
tion  set  up.  • 

Operation  of  the  apparatus  is  very  simple.  The  gas  inlet  and 
exhaust  lines  are  connected  to  the  respective  ports  (lower  left 
corner,  Figure  5).  The  3-way  stopcock  (left  side,  Figure  5)  is 
turned  to  “Hygrometer”,  and  the  gas  allowed  to  flow  at  a  maxi¬ 
mum  rate  until  the  wet-bulb  reading  becomes  constant.  This 
serves  the  double  purpose  of  determining  the  humidity  of  the  gas 
and  flushing  out  the  lines.  Meanwhile,  the  scrubber  is  charged, 
and  connected  in  place,  its  4-way  stopcock  being  set  to  the  by-pass 
position. 

The  3-way  stopcock  is  then  turned  to  “Scrubber  ,  and  the  elec¬ 
tricity  is  turned  on.  When  the  flowmeter  reading  settles  down  at 
300  ml.  per  minute,  the  scrubber’s  4-way  stopcock  is  turned  to 
pass  the  gas  through  the  scrubber,  and  the  time  is  noted.  The 
back-pressure  manometer  reading  is  checked  for  any  abnormality, 
such  as  might  be  caused  by  a  leak  or  stoppage  in  the  lines.  (It 
normally  shows  only  slight  variation  between  or  during  runs.) 
No  further  attention  is  required  until  the  end  of  the  run.  The 
4-way  stopcock  is  then  returned  to  the  by-pass  position,  the  time 
is  noted,  and  the  gas  and  electricity  are  turned  off. 

The  scrubber  is  placed  in  the  standard-taper  neck  of  the  micro- 
Devarda  flask,  the  stopcock  turned  to  the  drain  position,  and  the 
absorbent  washed  into  the  flask  with  water.  Ten  milliliters  ot 
6%  oxalic  acid  are  added,  and  the  mixture  is  boiled  down  to  about 
20  ml.  The  use  of  a  spray  trap  during  the  evaporation  is  desir¬ 
able,  any  material  trapped  being  washed  back  into  the  flask 
The  micro-Devarda  procedure  is  followed  from  there  in  the  usual 

"Ytis  advisable  to  wash  the  scrubber  promptly  after  its  use,  to 
prevent  etching  of  the  glass  balls  and  freezing  of  the  stopcock 
by  any  residual  alkali.  Hydrochloric  acid  followed  by  water 
serves  this  purpose,  dissolving  any  deposited  manganese  dioxide 
as  well. 

Calculations. 


The  motor-driven  valve  is  shown  in  Figure  4.  Its  somewhat 
unique  design  is  the  result  of  experiments  with  various  types  of 
needle  and  pinch  valves,  none  of  which  offered  the  sensitivity  of 
control  required  for  the  purpose.  In  operation,  a  kink  in  a  section 
of  soft  plastic  tubing  (3  mm.  in  inside  diameter)  is  opened  and 
closed  by  a  screw,  working  against  the  hinge  to  which  the  tubing 
is  clamped.  A  key  and  slot  coupling  connects  the  screw  to  the  1 
r.p.m.  synchronous  motor. 

The  control  mechanism  operates  best  with  an  inlet  gas  pres¬ 
sure  of  between  2  and  10  cm.  of  mercury.  Higher  pressures  are 
undesirable,  in  that  they  cause  a  wide  fluctuation  of  the  flow  rate 
with  the  oscillation  of  the  automatic  valve.  Variations  in  the 
gas  pressure  between  the  above  limits  have  negligible  effect,  if 
they  are  not  too  rapid  for  the  slow-moving  valve  to  handle.  The 
use  of  a  pressure  regulator  on  the  gas  line  may  be  desirable,  from 
this  standpoint. 

A  mercury  manometer,  indicating  the  gas  pressure  on  the  ap¬ 
paratus,  is  provided  with  a  trap,  so  that  it  serves  as  a  safety 
valve  as  well.  In  addition,  traps  are  provided  on  all  the  meters, 
to  prevent  loss  of  liquid  in  case  of  a  sudden  rise  in  pressure,  or 
failure  of  the  control. 

A  manometer  is  connected  to  the  line  between  the  flowmeter 
and  the  scrubber,  indicating  the  back  pressure  on  the  flowmeter. 
It  is  calibrated  in  terms  of  the  correction  necessary  to  be  applied 
to  the  flowmeter  reading.  Since  the  flowmeter  was  calibrated 
against  a  back  pressure  equal  to  that  created  by  the  scrubber, 
this  correction  ordinarily  is  zero. 

Both  the  flowmeter  and  manometer  are  provided  with  capil¬ 
lary  tubes  to  damp  the  minor  oscillations  caused  by  the  bubbling 
of  the  gas  through  the  scrubber.  Reading  of  the  meters  is  thus 
greatly  facilitated. 


(Ml.  of  HC1  -  blank)  (NF)  (30,000,000)  = 

(Duration  of  run  in  minutes)  (flowmeter  reading  + 

correction,  in  ml.  per  min.) 

micrograms  of  NO  per  liter 


(Micrograms  of  NO  per  liter)  (0.815)  — 

p.p.m.  of  NO  by  volume  at  25°  C.  and  760  mm. 
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NOTE  ON  ANALYTICAL  PROCEDURES 


Ground  Starch  as  an  Indicator  in  lodometry 

H.  A.  CONNER  AND  R.  W.  BOVIK,  Johnson  Suture  Corporation,  Chicago,  III. 


HE  useful  life  of  the  solution  of  soluble  starch  used  as  a 
conventional  indicator  in  iodometry  may  be  prolonged  with 
any  one  of  a  number  of  disinfectants.  However,  hydrolysis  of 
the  starch  eventually  renders  the  reagent  unsuitable  for  use,  and 
therefore  it  has  been  found  advantageous  in  many  cases  to  replace 
the  solution  with  a  dry  preparation  of  ground  starch. 

The  starch  is  prepared  by  a  procedure  similar  to  that  recom¬ 
mended  by  Alsberg,  Griffing,  and  Field  (/)  and  by  Schoch  (.3). 

convenient  quantity  is  suspended  in  about  twice  its  weight  of 
ethyl  alcohol  and  ground  in  an  efficient  ball  mill  for  at  least 
80  hours,  at  which  time  a  microscopic  examination  will  reveal  few 
if  any,  granules  that  have  escaped  disintegration.  The  ground 
starch  is  filtered  off,  dried,  and  then  reground.  The  resulting 
preparation,  which  is  almost  completely  soluble  in  cold  water* 
is  rea,dy  for  use.  An  inexpensive  salt  or  pepper  shaker  has  beer! 
found  to  be  a  convenient  container  and  dispenser  for  the  starch. 
If  desired,  a  solution  of  starch  may  be  prepared  without  the  use 
of  heat  by  simply  adding  the  ground  starch  to  cold  water. 

Presumably  any  available  starch  may  be  used,  but  soluble 
starch  is  particularly  satisfactory.  The  time  required  for  grind¬ 


ing  will  depend  on  various  factors,  including  the  particular  mill 
used,  the  charge,  the  kind  of  starch,  and  the  starch-alcohol  ratio. 
The  preparation  may  be  kept  indefinitely  without  charge. 

Iodometric  titrations  are  carried  out  in  the  usual  manner,  a 
small  amount  of  the  ground  starch  being  added  near  the  end 
point.  Titers  obtained  with  this  indicator  were  checked  against 
those  obtained  with  a  solution  of  soluble  starch  prepared  ac¬ 
cording  to  the  directions  of  Lange  (2).  Aliquots  of  a  potassium 
dichromate  solution  were  titrated  in  the  conventional  manner 
with  0.01  N  sodium  thiosulfate.  An  average  of  five  titers  using 
a  soluble  starch  solution  gave  a  value  of  32.40  ml.;  with  ground 
starch  the  same  average  of  32.40  ml.  was  obtained. 
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CORRESPONDENCE 


__  Sir:  We  have  subjected  the  “cloud-point”  method  of  Seaman, 
Norton,  and  Foley  [Ind.  Eng.  Chem.,  Anal.  Ed.,  15,  159  (1943)] 
to  brief  examination  and,  while  we  found  it  an  eminently  prac¬ 
ticable  and  useful  procedure  within  the  limits  laid  down,  we  also 
found  that  exact  confirmation  of  results  was  not  obtained.  The 
root  cause  of  the  discrepancy  was  discovered  in  the  figure  ob¬ 
served  for  the  “cloud-point  temperature”  of  pure  phenol  and 
water  when  mixed  in  the  prescribed  proportion;  this  is  quoted 
as  66.40°  in  the  article,  whereas  we  obtained  a  figure  of  66.10°  C. 

The  phenol  used  in  our  short  series  of  experiments  had  a 
cloud  point  (Bell  and  Herty,  Standardization  of  Tar  Products 
Tests  Committee  procedure)  of  41.0°  C.  and  the  o-cresol  had  a 
cloud  point  of  31.0°  C.  The  results  of  our  tests  are  given  here. 


Observed 
Cloud-Point 
Temperature 
°  C. 

66. 10 
67.95 
70.40 
73.00 


o-Cresol  in  Mixture 
with  Phenol 

% 

0.00 

1.45 

3.39 

5.52 


o-Cresol  Calculated 
by  Equations  Given 
Below 

% 

0.00 

1.45 

3.39 

5.52 


It  was  found  necessary,  in  order  to  bring  observed  and  cal¬ 
culated  o-cresol  contents  into  line,  to  modify  the  equations  given 
in  the  article  as  follows: 


For  cloud-point  temperatures  up  to  70.25°  C.: 

%  o-cresol  =  cIoud  P°int  (°  CT  ~  66-10 

1.273 

For  cloud-point  temperatures  70.25°  to  73.5°  C.: 

%  o-cresol  =  cIoud  Point  (°  C.)  -  66.25 

1.222 


(1) 

(2) 


Almoba 

24  Beechley  Road 
Wbexham  Denbighshire 
Gbeat  Britain 


J.  Kay  and  P.  J.  C.  Haywood 


in  Phenol 

Sir:  Regarding  discrepancy  between  the  cloud  point  of 
66.40  C.  for  pure  phenol  and  water  which  we  reported  [Ind. 
Eng.  Chem.,  Anal.  Ed.,  15,  159  (1943)]  and  the  figure  which 
Kay  and  Haywood  have  obtained,  66.10°  C.: 

We  have  repeated  some  of  the  experiments  and  think  that  we 
have  found  the  explanation  for  the  discrepancy.  Instead  of  one 
abrupt  change  in  appearance,  there  are  really  two.  We  took  the 
first  one  (at  66.40°  C.)  and  evidently  they  must  have  taken  the 
second  one  (at  66.10°  C.).  It  is  impossible  to  describe  these 
points  in  words,  but  after  one  has  observed  both,  one  can  always 
detect  either  point  with  good  precision.  Three  of  us  have  checked 
each  other  quite  well  at  both  points.  Furthermore,  there  is  a 
similar  difference  when  determinations  are  made  with  phenol 
containing  added  o-cresol,  although  we  have  not  done  sufficient 
work  to  know  whether  the  difference  will  remain  constant  or  not 
over  a  range  of  concentrations.  It  may  be  that  a  variation  in 
the  magnitude  of  the  differences  with  a  variation  in  o-cresol  con¬ 
centration  may  explain  the  fact  that  the  slopes  of  the  fines  cal¬ 
culated  from  the  four  determinations  which  were  sent  us  differ 
from  those  which  we  reported  (1.273  and  1.222  instead  of  1.326 
and  1.167,  respectively). 

It  would  seem  likely  that  either  point  can  be  used,  provided 
that  the  analyst  constructs  his  curve  on  the  basis  of  that  point; 
but  since  we  have  been  able  consistently  to  get  reproducible 
values  with  the  point  which  we  had  chosen,  it  might  be  desirable 
to  have  the  analyst  look  for  that  point,  in  which  case  he  could 
use  our  equations,  rather  than  to  use  the  other  point  and  have 
to  repeat  the  large  number  of  determinations  which  would  be 
necessary  to  establish  accurate  equations. 

Wm.  Seaman 

Calco  Chemical  Division 
Amebican  Cyanamid  Company 
Bound  Brook,  N.  J. 
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Cadmium 

Microdetermination  in  Biological  Material.  Spectrographic,  Polaro¬ 
graphic,  and  Colorimetric  Methods .  333 

Microdetermination  in  Zinc  Alloys .  71 

Polarographic  Analysis  of  Copper  Group .  147 

Selective  Spot  Reactions  for .  141 

Calcium  Determination  in  Magnesium  by  Spectrographic  Method.  .  .  .  455 

Calcium  Microdetermination  as  Oxalate  by  Titration  with  Ammonium 

Hexanitratocerate .  762 

Camphor  Determination  in  Spirit  of  Camphor  by  Refractive  Index 

and  Specific  Gravity .  168 

Capillary  Tube,  Funnel  for  Filling  of .  343 

Carbinols,  Methyl-,  Differentiated  from  Methyl  Ketones .  362 

Carbon,  Determination  by  Low-Pressure  Combustion . 242,  248,  634 

Carbon,  in  Vulcanized  Rubber  Studied  with  Electron  Microscope .  642 

Carbon  Black,  Pigment  Determination  in  Paints  Containing .  364 

Carbon  Dioxide  Determination  in  Water .  315 

Carbon  Dioxide  Generator  for  Dumas  Nitrogen  Micromethod .  344 

Carbon  Disulfide  Determination  in  Air  (Correction) .  250 

Carbon  Monoxide,  Iodine  Microdetermination  in  Oxidation  of,  by 

Iodine  Pentoxide .  64 

Carbonyl  Group,  Color  Test  for .  110 

Carborundum  as  Carrier  for  Copper-Chromium  Oxide  Catalyst .  441 

Carius  Digestion,  Bomb  Furnace  for .  308 

Carotene  Determination 

in  Alfalfa . 184,  513 

Effect  of  0-Carotene  Isomerization  on  Absorption  at  326  Milli¬ 
microns  .  328 


in  Milk .  jq 

in  Plants . 43; 

Carotenoid  Determination  in  Butterfat . . .83  191 

Carrots,  Dehydrated,  Sulfur  Dioxide  Determination  in .  '  15; 

Catalysts 

for  Chlorate  Ion  Estimation .  371 

Copper-Chromium  Oxide  Preparation  and  Reclamation . .  .  44 

Hydrogen  Determination  in  Exhaust  Gases  as  Evaluation  of  Activity 

of . . . . .  7j; 

Separation  from  Hydrogenation  Reaction  Mixtures . . .  .  63' 

Cathode  Potential.  See  Electrodeposition. 

Celite  as  Carrier  for  Copper-Chromium  Oxide  Catalyst .  44 

Cell  for  Polarographic  Analysis . ’ .  .  32' 

Cellulose 

Hemi-,  Photometric  Determination  of .  42; 

Molecular  Weight.  Measurement  of  Average  Degree  of  Polymeriza¬ 
tion .  35- 

Regenerated  Rayon  Fabric  Dispersions  in  Cuprammonium,  Flow 

Characteristics  of .  47; 

Viscosity  Determination  with  Cupriethylene  Diamine  as  Solvent '  ' .  1(F 

from  Wood.  Viscometric  Chain  Length  in  Triton  F .  687 

Cellulose  Esters 


Acyl  Determination  in,  by  Saponification  in  Solution .  50] 

Plasticizer  Determination  in .  gj 

Sulfate  Determination  in . |  ”  ’ "  "  391 

Centrifuge.  Adaptor  for  Angle  Centrifuge  Tests . '  ’  19; 

Cerate  Oxidimetry  for  Nitrogen  Dioxide  Determination .  36( 

Cerate  Standard  Solutions  Prepared  from  Cerium  Titration  Residues.  721 
Cerium  Titration  Residues.  See  -preceding  item. 

Chemicals,  Analytical  Reagent,  Recommended  Specifications  for .  28] 

Chlorate  Estimation  by  Catalysis .  37c 

l-Chloro-2, 4-dinitrobenzene  Determination  as  Impurity  in  2,4-Dinitro- 

anisole . 1 .  32; 

Chloroform  Solution  of  Antimony  Chloride,  Dispenser  for .  24] 

Chlorometry  as  Titrimetric  Microprocedure .  20( 

Chlorophyll  Determination  in  Plants .  43 j 

Chromatography,  Microapparatus  Improved  for .  34; 

Chromium  Determination  in  Steel  by  Colorimetric  Method .  501 

Chromium  Oxide-Copper  Catalyst  Preparation  and  Reclamation .  44] 

Circulating  Device  for  Use  with  Hydrogen  Electrode .  58f 

Citric  Acid  Determination  in  Fermentation  Media  and  Biological 

Materials .  51; 

Coal  Proximate  Analyses  by  Discriminant  Function .  32 

Coke-Oven  Gas,  Hydrocyanic  Acid  Determination  in .  55C 

Colorimetry 

Molybdenum  Blue  Reaction  Studied .  46C 

Phosphomolybdic  Acid  Reaction  Studied  Qualitatively .  637 

Potassium  Dichromate  Solutions  as  Standards  in .  42 

Precision  and  Accuracy  as  Control  Method:  Aluminium  Determi¬ 
nation,  169;  Silica  Determination .  462 

Columns 

Distillation,  of  General  Utility .  632 

for  Distilled  Water  of  High  Purity .  743 

for  Extraction  by  Spray  Device .  528 

Fractionating,  for  Gases .  13] 

Fractionating,  Precision  Head  for .  584 

Combustion  Heat  of  Gasoline  Determined .  182 

Conductometric  Titration  Apparatus .  591 

Copper 


Alloys,  Silicon  Determination  in .  309 

Carbon  Determination  in,  by  Low-Pressure  Combustion .  242 

-Chromium  Oxide  Catalyst,  Preparation  and  Reclamation .  441 

Cupric  Ion  Determination  with  8-Hydroxyquinaldine .  387 

Determination  in  Naphthenate  of  Copper .  703 

Determination  injPresence  of  Oxidizing  Agents .  103 

Determination  in_Steel  and  Cast  Iron.  Colorimetric  Procedure  for 

Alloy  Steels .  80 

Group.  Polarographic  Analysis  with  Electrolytic  Separations .  147 

Microdetermination  in  Zinc  Alloys .  71 

Precipitation  and  Determination  with  Salicylimines .  750 

Separation  from  Tin  in  Electrodeposition  Apparatus .  532 

Copper  Perchlorate  Standard  Solutions,  Stability  of .  38 

Coriander  Seed  Oil,  a-Dicarbonyl  Detection  in .  621 

Corn 

Grain,  Phytin  Phosphorus  Determination  in .  389 

Lipid  Determination  in,  as  Measurement  of  Maturity .  701 

Starch  Conversion  Products,  Refractive  Index-Dry  Substance 
Tables  for .  161 


Correspondence . 273,  276,  772 

Corrosion,  Humidity  Cabinet  for  Tests  of .  394 

Cotton 


Fabric  Dispersions  in  Cuprammonium,  Flow  Characteristics  of .  172 

Molecular  Weight  of  Cellulose .  351 

Wax  Determination  in  Fiber  by  Alcohol  Extraction .  745 

Cottonseed.  Gossypol  Determination  by  Spectrophotometric  Method.  566 

Coumarin  Determination  in  Flavoring  Extracts .  505  I 

o-Cresol  Determination  in  Phenol  by  Cloud  Point  (Correspondence) .  .  772 

Cresols,  Ortho-,  Meta-,  Para-,  Qualitative  Tests  for  Phenol  and .  37  ; 

Crucible  for  Filtration,  Washing  of . 277,  539 

Crucible  Holder  for  Rubber  Extraction  Apparatus .  721 

Crystalline  Materials  Determined  by  X-Ray  Diffraction .  95 

Crystallization.  Microapparatus  for  Recrystallization . 413,  478 

Cuprammonium,  Flow  Characteristics  of  Dispersions  of  Cotton  and 

Regenerated  Rayon  Fabrics  in .  172 

Cupric  Ion.  See  Copper. 

Cupriethylene  Diamine  as  Solvent  in  Determination  of  Cellulose 

Viscosity .  104 

Cyanide  Brass-Plating  Baths,  Zinc  Determination  in  .  165 

Cyanide  Determination  as  Hydrocyanic  Acid,  Especially  in  Coke-Oven 

Gas .  550 

Cyanogen  Bromide  in  Determination  of  Nicotine  and  Nornicotine.  ...  86 

p-Cymene,  a, p-Dimethylstyrene  Determination  in  Presence  of .  20 


DEHYDRATED  Foods  and  Feeds . 153,  513,  628,  632,  638 

Demerol  (Ethyl-l-methyl-4-phenylpiperidine-4-carboxylate),  Micro¬ 
identification  of .  408 

Density.  See  Specific  Gravity. 

Detergents 

Film  Determination  on  Transparent  Surfaces . 251,  253 

in  Oxygen-Capacity  Determination  by  Van  Slyke  Method .  581 

-Soap  Mixtures  Analyzed  in  Bar  Form .  239  I 


Deuterium  Oxide  Microdetermination,  Falling  Drop  Apparatus  for.  .  .  412 

Devarda’s  Alloy.  See  Alloys. 

Diacetyl  Determination  in  Mixtures  with  Ketones .  469 

Dialysis  Cell  for  Microdetermination  of  Diffusible  Components  in 

Blood  Plasma .  136 

a-Diearbonyl  Detection  in  Volatile  Essential  Oils .  621 

Dichlorodifluoromethane.  See  Freon-12. 

Dichromate.  See  Potassium  Dichromate. 

Diesel  Distillate  Fuels,  Gum  Content  of .  710 

l-Diethyl-4-aminopentane  Purification  and  Determination .  431 

Diffraction.  See  X-Rays. 

Diffusers  for  Gas,  Made  of  Alundum . :••••. . 

o-Dihydroxybenzene  Derivative,  Iron  Determination  with . 

Dimethyldibenzylammonium  Hydroxide.  See  Triton  F. 

Dimethylglyoxime,  Recommended  Specification  for . 

a,p-Dimethylstyrene  Determination  in  Presence  of  p-Methylstyrene, 

Styrene,  and  p-Cymene . 

2,4-Dinitroanisole  Determination .  . 325, 

Disodium-1, 2-dihydroxybenzene-3, 5-disulfonate  in  Iron  Determi¬ 
nation  . 

Dispenser  for  Carr-Price  Reagent . 

Distillation 

Apparatus  for  Gasoline  Analysis . 

Bumping  Prevention  Device . 

Column  of  General  Utility . 

Flask  of  General  Applicability . 

Head  for  Vacuum  Distilling . 

under  High  Vacuum,  Ground-Glass  Joint  for . 

Moisture  Determination  by,  Volume  Reading  Facilitated  in . 

Molecular  Fractionating  Still . 

Receiver . . . 

Reflux  Take-off  with  Constant  Control . 

Safety  Cap  for  Glass  Equipment . 

Dolomite,  Magnesia  Determination  in . 

Dropping  Funnel  of  Constant-Rate  Type . 

Dumas  Method.  See  Nitrogen. 

Dyes,  Azo-2-naphthol  Unsulfonated,  Identification  of . 

Dyes  for  Textile-Finish  and  Fiber  Identification . 

EGGS 

Ashing  Procedure  for  Liquid  White . 

Dehydrated,  Vitamin  A  Determination  in . 

Iron  Determination  in,  by  o-Phenanthroline  Method . 

Moisture  Determination  in  Whole  Powder  of . 

Electrode,  Glass,  for  Vitamin  Microbiological  Assay . 

Electrode,  Hydrogen,  Circulating  Device  for  Use  with . 

Electrodeposition.  Automatic  Control  Apparatus  with  Graded 

Cathode  Potential . . 

Electron  Microscope.  See  Microscope. 

Emulsions 

Acidity  Determination  by  Potentiometric  Method . 

Extractor  for  Mixtures  Tending  to  Emulsify . 

Oil  Determination  in,  by  Fluorocolorimetric  Method . 

Polymerization  of  Synthetic  Rubber  in  10-Gram  Systems . 

Waring  Blendor  Adapted  to  Continuous  Preparation  of . 

Enamel  Baking  Control  Methods . 

(See  also  Paint.)  _  _ 

Equipment,  New .  143,  278,350,  418,  539,  652, 

Ergosterol  Determination  by  Colorimetric  Method . 

Ester  Saponification  by  Semimicroprocedure . 

Ethanol  ,  „  ,  _  ,  . 

Determination  in  Spirit  of  Camphor  by  Refractive  Index  and 

Specific  Gravity . . . 

-Ethyl  Ether-Benzene-Water  Solutions  Analyzed. . .  . . 

Wax  Determination  in  Cotton  Fiber  by  Extraction  with.  .  ._ . 

Ethanolamine  Hydrolysis  for  Determination  of  Methyl  Bromide . 

Ethyl  Acetate  Determination  in  Presence  of  Acetaldehyde . 

Ethylbis-2,4-dinitrophenyl  Acetate  as  pH  Indicator . 

Ethyl  Ether-Benzene-Ethanol-Water  Solutions  Analyzed . 

Ethyl-l-methyl-4-phenylpiperidine-4-carboxylate.  See  Demerol. 
Evaporation  of  Standard  Solutions,  (Predictable)  Concentration  Re¬ 
sulting  from . ■  . . 

Evaporator,  Constant-Level,  for  Determination  of  Total  Solids . 

Evaporator,  Rapid-Circulating,  of  Glass . 

Extractors 

Continuous  Versatile  Type  of . 

Large  Glass  Apparatus . •  •  •  •  • 

Liquid- Liquid . 62,  180 

for  Solids,  Large  Continuous  Type  of . 

Spray  Column . 
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639 

399 

374 
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537 
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276 

313 
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755 

274 


417 

632 

317 
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205 

585 
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219 

62 

331 

1 

717 

599 

722 
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168 

432 

745 

538 
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53 
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349 

120 

754 

332 

61 

473 
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528 


FABRICS,  Cotton  and  Regenerated  Rayon.  Flow  Characteristics 

of  Dispersions  in  Cuprammonium . 

Fats 

Acidity  Determination  in,  by  Potentiometric  Method . 

Ascorbyl  Ester  Determination  in . ...... . ■ 

Butter,  Vitamin  A  and  Carotenoids  Determined  in . 83, 

Gallic  Acid  Determination  as  Antioxidant  in . 

Margarine,  Vitamin  A  Determination  in . 

Unsaturated,  Ultraviolet  Absorption  Spectra  of . 

Fatty  Acids.  . 

Amines,  Primary  Aliphatic,  of  High  Molecular  Weight  Determined 

in . . . 

Conjugation,  Absorption  Spectra  Analysis  of . . . . 

Esters  of  (-Ascorbic  and  d-Isoascorbie  Acids  Determined  in  Fats  and 

Oils . 

Methyl  Esters,  Vapor  Pressures  of . 

Unsaturated,  Ultraviolet  Absorption  Spectra  of . 

Feeds,  Sulfur  Determination  in . 

Fermentations 

2,3-Butylene  Glycol  Determination  in . 

Citric  Acid  Determination  in  Media  for. . . . .  •  . . 

for  d-Galactose  Determination  by  Quantitative  Method . 

Ferric  Ion.  See  Iron. 

Fertilizer 

Hygroscopicity  Determination . 

Moisture  Absorption  Determined  by  Accelerated  Method . 

Potassium  Determination.  Removal  of  Ammonia  and  Organic 

Matter  without  Ignition . . . 

Fiber  of  Cotton,  Wax  Determination  in,  by  Alcohol  Extraction . 

Fiber  Identification  Stains . 


172 

219 

464 

190 

427 

358 

385 


459 

77 

464 

605 

385 

630 

626 

515 

28 


367 

487 

383 

745 

274 


Film  Permeability  to  Gases,  Apparatus  for  Measurement  of . 

Films,  Organic,  Water  Vapor  Permeability  of. ...  . . 

Filter-Cake  Surface  Renewal  in  Vacuum  Filtrations . 

Filter  Crucible,  Washing  of . . . 277, 

Fischer,  Karl,  Reagent  for  Analysis  of  Acetylsulfanilyl  Chloride . 

Fish 

Dehydrated,  Instrument  for  Measuring  Changes  in  Texture  of . 

Liver  Oils,  Vitamin  A  Potency  of . 126,  288,  436, 

Liver  Oils.  Vitamin  D  Estimation  with  Antimony  Trichloride.  .  .  . 

Spoilage  Determination  in . . . . 490, 

Flame  of  Acetylene- Air  for  Spectrochemical  Analysis . 

Flame,  Microtorch  for . 

Flasks 

for  Distillation,  of  General  Applicability . 

Funnel  for  Standard  Taper  Type  of . 

Support  for  Kjeldahl  Type  of . 

Support  on  Steam  and  Water  Baths. . .  . . 

Flow  of  Cellulose-Cuprammonium  Dispersions . 

Flow,  Liquid  Delivery  at  Low  and  Constant  Rates  of . 

Flowmeter  of  Positive  Displacement  Type. . . . . 

Fluoride  Determination  in  Foods  and  Biological  Material . 

Food 

Dehydrated,  Sulfur  Dioxide  Determination  in. .  1 . 

Fluoride  Determination  in  Toxic  Quantities . 

Iron  Microdetermination  in . .  •  ■ 

Packaging  Materials,  Apparatus  for  Measuring  Rate  of  Gas 

Penetration  through . .••••: . 

Protein  Nutritive  Value  Determined  in . 

Proteinaceous,  Spoilage  Determined  in,  Particularly  Fish . 

(See  also  individual  food.) 

Formaldehyde  Determination  in  Presence  of  Acrolein  and  Other  Alde¬ 
hydes.  (Correction,  693) . 

Fractionation 

of  Asphalts  by  Solvent  Separation . . 

Column  for  Distilled  Water  of  High  Purity . 

Column  for  Gases . 

Columns,  Precision  Head  for . 

Pressure  Control  in,  at  Low  Pressure  and  Temperature . 

(See  also  Distillation.) 

Freeze  Tests,  Alternating  Current  Solenoid  for . 

Freon-12  (Dichlorodifluoromethane) 

Insecticide  Concentration  Increased  in  Aerosol-Producing  Solution 


58 

686 

365 

539 

517 

638 

509 

179 

593 

728 

142 

399 

293 

324 

332 

172 

471 

303 

457 

153 

457 

646 

586 

696 

490 


496 

294 

748 

131 

584 

40 

588 


of. 


Noncondensables  Determined  in . 

Pyrethrum  Solubility  Determined  in . 

Funnels 

for  Capillary  Tube  Filling . •  • 

Dropping  Type  of . 418 

for  Standard  Taper  Flasks . 

for  Weighing . 

Furfural 

Determination.  Iodine  Method  for  Hydrolyzed  Wood  Liquors . 

in  Hydrocarbon  Solution-Temperature  Determination . . 

-Pentose  Method  for  Pectin  Microdetermination  in  Biological  Ma¬ 
terials  . 

Furnace  Bomb  for  Carius  Digestion . 

Furnace  with  Controlled  Atmosphere  for  Induction  Melting . 


355 

681 

453 

343 

641 

293 

133 

319 

107 

74 

308 

302 


d-GALACTOSE  Determination  by  Selective  Fermentation . 

Gallic  Acid  Determination  as  Antioxidant  in  Fats  and  Oils . 

Gases 

Coke-Oven,  Hydrocyanic  Acid  Determination  in . 

Collection  at  Low  Pressures  with  Automatic  Pump . 

Diffusers  Made  of  Alundum . 

Fractionating  Column . . . 

Hydrogen  Determination  in  Exhaust  from  Catalytic  Dehydrogena¬ 
tion  Unit . . 

Nitric  Oxide  Microdetermination  in . 

Noncondensables  Determined  in . . . 

Penetration  through  Food-Packaging  Materials,  Apparatus  tor 

Measuring  Rate  of . . . .  . . . . .  .  .  .  .  .  ...  .  .  . 

Permeability  of  films  of  Low  Permeability  to,  Apparatus  for  Meas¬ 
urement  of . . . 

(See  also  individual  gas.) 

Gasoline 

Analysis  in  Automatic  Distillation  Apparatus . . 

Combustion  Heat  Determined  for . 

Tetraethyllead  Determination  in . 

Germanium  Determination 

by  Gravimetric  and  Volumetric  Methods . 

as  Molybdigermanic  Acid . 

in  Steel  by  Gravimetric  Method . . 

Gibbs  Method.  See  Phenols. 

Glass 

Bubbler  of  Fritted  Glass . . . .  • 

Detergent-Hard  Water  Film  Determination  on . 201 

Distillation  Equipment,  Safety  Cap  for . . 

Electrode  for  Titrating  Microbiological  Vitamin  Assays . 

Evaporator  of  Rapid  Circulating  Type . 

Extraction  Apparatus  of  Large  Size . 

Joint  for  High-Vacuum  Distillation . 

Midget  Impinger  Unit . . . 

Plastic  Tubing  Joined  to . . . 

Glucose,  Maltose  Determination  in  Presence  of ................  ■  •  . . . 

Gossypol  Determination  in  Cottonseed  and  Meal  by  Spectrophoto- 

metric  Method . 

GR-I.  See  Butyl  Rubber. 

GR-S.  See  Buna  S.  , 

Grinding  Plant  Samples,  Mineral  Contamination  from.  . . 

Guayule,  Staining  Rubber  in  Ground  or  Milled  Tissues  of . 

Gum  Content  of  Distillate  Diesel  Fuels . ;  - - ;•.•••••. . 

Gutzeit  Spot  Filtration  for  Ultramicrodetermination  of  Arsenic . 
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427 

550 

592 

680 

131 

719 

766 

681 

586 

58 


525 

182 
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322 

128 

311 


538 

253 

276 

205 

754 

61 

94 

346 

276 

582 

566 


202 

480 

710 

400 


HALLETT,  L.  T.,  Appointed  Associate  Editor . .  272 

Heater,  Electric,  for  Microprocedures  and  Melting  Points .  134 

Hemicellulose.  See  Cellulose.  . 

Humidity  Cabinet  for  Corrosion  Testing. .  .  .  . . 

Hydriodic  Acid,  Recommended  Specification  for .  201 

Hydrocarbons  .  _0_,.  ero 

Analysis  by  Sulfuric  Acid  Extraction.  (Correction,  727) . 

Liquids  Purified  as  Solvents  for  Absorption  Spectroscopy . 

Olefin  Unsaturation  Determined  by  Bromine  Substitution .  01  ‘ 


Physical  Methods  of  Analysis .  723 

Pycnometer  for  Volatile  Liquids .  55 

Solution  Temperatures  Determined  with  Furfural .  107 

Standard  Samples  of  Bureau  of  Standards .  273 

Stopcock  Lubricant  Unaffected  by .  415 

Thinners,  Evaporation  Indices  of . .  690 

Hydrocyanic  Acid  Determination,  Especially  in  Coke-Oven  Gas .  550 

Hydrogen  Determination  in  Gaseous  Exhaust  with  Thermal-Conduc¬ 
tivity  Apparatus .  719 

Hydrogen  Fluoride,  Anhydrous,  Sampling  and  Analysis  of . 419,  483 

Hydrogen-Ion  Concentration  Indicator,  Ethylbis-2,4-dinitrophenyl 

Acetate .  53 

Hydrogen  Peroxide,  Nitrate  Removal  from .  181 

Hydrogenation  Reaction  Mixtures,  Catalyst  Separation  from .  637 

Hydroxylamine  Hydrochloride  Color  Test  for  Carbonyl  Group .  110 

8-Hydroxyquinaldine  as  Analytical  Reagent .  387 

8-Hydroxyquinoline  in  Magnesium  Microdetermination .  596 


IMPINGER,  Glass  Midget  Type  of .  346 

Infrared.  See  Spectrometry. 

Insecticides 

Aerosol-Producing  Solution  in  Freon-12,  Increasing  Concentration 

Arsenic  Semimicrodetermination  in .  414 

2,4-Dinitroanisole  Determination . 325,  326 

Pyrethrum  Solubility  in  Freon  Determined .  ’  453 

Xanthone  Spray  Residues  Analyzed  Colorimetrically .  35 

Iodate  Determination  Iodometrically  in  Presence  of  Copper .  103 

Iodine  for  Furfural  Determination  in  Hydrolyzed  Wood  Liquors .  319 

Iodine  Microdetermination  in  Oxidation  of  Carbon  Monoxide  by 

Iodine  Pentoxide .  64 

Iodine  Monochloride  in  Permanganate  Solution  Standardization 

against  Arsenious  Oxide .  625 

Iodine  Number  Determination  for  Tall  Oil .  371 

Iodine  Number,  Wijs  Solution  Stabilized  for  Determination  of .  417 

Iodine  Pentoxide  Oxidation  of  Carbon  Monoxide,  Iodine  Microdeter¬ 
mination  in .  64 

lodometry,  Starch  Prepared  as  Indicator  for .  772 

Ion-Exchange  Adsorber,  Quantitative  Separations  with .  615 

Ion  Exchangers  in  Determination  of  Pectin  and  Pectic  Acid .  23 

Iron 

Carbon  Determination  in,  by  Low-Pressure  Combustion . 242,634 

Cast,  Copper  Determination  in,  by  Electrolytic  Method .  80 

Determination  with  Dichromate,  Using  Silver  Reductor .  49 

Determination  by  o-Phenanthroline  Method .  317 

Ferric,  Determined  with  Disodium-1, 2-dihydroxybenzene-3, 5-disul¬ 
fonate .  HI 

Ferric  Ion  Determination  with  8-Hydroxyquinaldine .  387 

Meteoric,  Osmium  Trace  Determination  in .  342 

Microdetermination  in  Food  Products .  646 

Microdetermination  by  Nitroso  R  Salt  Method  Improved . !  !  276 

-Phosphorus  Stoichiometric  Relation  in  Ferric  Phytate .  389 

Vitamin  C  Estimation  in  Presence  of  Salts  of .  757 

Iron  Blue  Paint,  Pigment  Determination  in .  364 

d-Isoascorbic  Acid  Esters  Determined  in  Fats  and  Oils .  .  464 

Isobutane-n-Butane  Mixtures  Analyzed  by  Density  Method .  348 


JOINT  of  Ground  Glass  for  High-Vacuum  Distillations .  94 

Juniper  Berry  Oil,  a-Dicarbonyl  Detection  in .  621 


KETONES,  Methyl,  Differentiated  from  Methylcarbinols . .  362 

Ketones,  Methyl  Vinyl,  Determination  in  Mixtures  with  Methyl- 

vinylcarbinol  and  Methyl  Ethyl  Ketone .  469 

Kjeldahl.  See  Nitrogen. 

Kuhlmann  Microbalance,  Errors  of .  258 


LABORATORY  of  American  Hotel  Association .  539 

Leach  Liquors,  Colorimetric  Procedures  for:  Aluminum  Determi¬ 
nation,  169;  Silica  Determination .  462 

Lead 

Determination  in  Gasoline  as  Tetraethyl- .  4 

Microdetermination  in  Zinc  Alloys .  71 

Polarographic  Analysis  of  Copper  Group .  147 

Lead  Subacetate,  Recommended  Specification  for .  281 

Leuco  Crystal  Violet  Microdetermination  after  Oxidation  with  Benzoyl 

Peroxide .  336 

Level  Control  for  Liquids  by  Photoelectric  Relay .  393 

Lewisite  Determined  in  Compact  Field  Apparatus .  255 

Limestone,  Phosphorus  Determination  in,  by  Photometric  Method.  .  .  553 

Linoleic  Acid  Conjugation,  Absorption  Spectra  Analysis  of .  77 

Linseed  Oil,  Heat-Bodied,  Analysis  of .  90 

Lipid  Determination  in  Vegetable  Matter .  701 

Liquids 

Delivery  at  Low  and  Constant  Rates .  471 

Extractors  for . 62,  180,473 

Level  Control  by  Photoelectric  Relay .  393 

Volatile,  Pycnometer  for .  55 

Lithium  Determination  in  Minerajs .  712 

Lubricants  from  Petroleum  Containing  Additives.  Acid  Determi¬ 
nation  by  Potentiometric  Method. . . .  219 

Lubricants  for  Stopcocks .  415 


MAGNESIA  Determination  in  Magnesite  and  Dolomite .  313 

Magnesite.  SeS  preceding  item. 

Magnesium 

Alloys,  Zinc  Determination  in . 256,460 

Calcium  Determination  in,  by  Spectrographic  Method .  455 

Determination  with  8-Hydroxyquinaldine .  387 

Microdetermination  with  8-Hydroxyquinoline  by  Polarographic 

Method .  596 

Maltose  Determination  in  Presence  of  Glucose .  582 

Manganese  Determination  in  Large  Amounts  by  Persulfate  Method .  .  560 

Manganese  Determination  after  Oxidation  to  Tri-Dihydrogen  Pyro- 

phosphatomanganiate .  187 

Manganese  Sulfate  Monohydrate,  Recommended  Specification  for. . . .  281 

Margarine,  Vitamin  A  Determination  in .  358 

Meal,  Cottonseed,  Gossypol  Determination  in .  566 


Meal,  Soybean,  Detection  of  Inadequate  Heat  Treatment  of . 

Melting  Point,  Electric  Heater  for . 

Mercuric  Oxide  (Yellow),  Recommended  Specification  for 
Metal 

Furnace  for  Melting  of . 

Paint  Pigment  Evaluation . 1 

Phosphomolybdic  Acid  Color  Reaction  with . 

Polarographic  Analysis.  Copper  Group . .  ’  j  ’  ]  “  ’  j  \ . 

Spectrographic  Qualitative  Analysis . . 

(See  also  Alloys  and  individual  metal.) 

Meteoric  Iron.  See  Iron. 

Methoxyl  Determination  in  Pectin.  Errors  in  Zeisel  Method  Due  to 

Retained  Alcohol . 

Methyl  Bromide  Determination  by  Ethanolamine  Hydrolysis. .  . .  .  . ". . 
Methyl  Esters  of  Fatty  Acids  Identified  by  Vapor  Pressure  Curves. 

Methyl  Groups  Linked  by  Carbons,  Determination  of . 

Methyl  Ketone  Differentiation  from  Methylcarbinols . . 

Methyl  Vinyl  Ketone  Determination  in  Mixtures  with  Methyivinyl- 

carbinol  and  Methyl  Ethyl  Ketone . 

Methylcarbinol  Differentiation  from  Methyl  Ketones . 

p-Methylstyrene,  Determination  of  a,p-l )i methylstyrene  in  Presence 

of . 

Microehemical  Balances.  Errors  of  Kuhlmann  Balance 

Microchemistry . 63,  134,  202,  258,  333,  400,  475,  536,  593,  642, 

Microprocedures,  Electric  Heater  for . 

Microscope,  Electron,  Carbon  in  Vulcanized  Rubber  Studied  with.  .  .  . 

Milk,  Vitamin  A  and  Carotene  Determined  in . 

Minerals,  Lithium  Determination  in . \  ' .  '  ”  j 

Minerals  as  Plant-Sample  Contamination  after  Grinding . 

Moisture.  See  Water. 

Molecular  Fractionating  Still . 

Molybdenum,  Microdetermination  in  Plants  and  Soils . 

Molybdenum  Blue  Reaction  Studied . \\ 

Molybdenum  Blue  for  Silica  Determination  in  Aluminous  Materials.  . 

Molybdigermanic  Acid,  Germanium  Determination  as . 

Molybdivanadophosphoric  Acid,  Colorimetric  Determination  of  Phos¬ 
phorus  as . 

Monel  Metal  Pouring  Plate  for  Silica  Fusions . 

Mucilages  from  Plants,  d-Galaetose  Determination  by  Selective  Fer¬ 
mentation  of . 

Muscle  of  Beef,  Thiamine  Determination  in . 

Muscle,  Vitamin  A  Assay  by  Destructive  Irradiation  of . 

Mustard  Gas  Determined  in  Compact  Field  Apparatus . 
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NAPHTHAS.  Evaporation  Indices  of  Hydrocarbon  Thinners .  690 

Naphthenates  of  Copper  and  Zinc,  Determination  of  Copper  and  Zinc 

in .  703 

2-Naphthol,  Azo-,  Dyes,  Unsulfonated,  Identification  of .  755 

Nickel 

Determination  in  Bronze  by  Colorimetric  Method .  354 

Determination  in  Steel  by  Colorimetric  Method .  375 

Precipitation  with  Salicylimines .  750 

Raney,  as  Catalyst.  Separation  from  Hydrogenation  Reaction 

Mixtures .  637 

Nicotine  Determination  in  Mixture  with  Nornicotine .  86 

Nitrate 

Determination  in  Soil  and  Plant  Extracts  by  Photometric  Method.  .  446 

Microdetermination  by  Devarda  Method .  764 

Removal  from  Hydrogen  Peroxide  of  30%  Strength .  181 

Nitric  Oxide  Microdetermination  in  Gases .  766 

Nitric  Oxide  Microdetermination  with  Solid  Reagents .  341 

Nitrite  Determination  in  Soil  and  Plant  Extracts  by  Photometric 

Method .  446 

Nitrocellulose,  Sulfate  Determination  in .  391 

Nitrogen 

Determination  in  Plant  Material  by  Photometric  Method .  121 

Determination  in  Soil  and  Plant  Extracts  as  Nitrate,  Nitrite,  and 

Ammonium .  446 

Dumas  Micromethod,  Carbon  Dioxide  Generator  for .  344 

Extraction  fiom  Vegetables,  Free  of  Carbohydrate .  609 

Kjeldahl  Flasks,  Support  for .  324 

Nitrogen  Dioxide  Determination  by  Cerate  Oxidimetry .  366 

Nitroso  R  Salt  Method  for  Microdetermination  of  Iron  Improved.  .  .  .  276 

Nomograph  for  Weight  Correction  to  Vacuum .  275 

Nornicotine  Determination  in  Mixture  with  Nicotine .  86 

Nornicotine  Identification  in  Tobacco .  377 


OAT  Grain  Contamination  from  Grinding 


202 


Oils 

Acidity  Determination  by  Potentiometric  Method .  219 

Ascorbyl  Ester  Determination  in .  446 

of  Dark  Color,  Ethylbis-2,4-dinitrophenyl  Acetate  as  pH  Indicator 

for .  53 

Determination  in  Blends  and  Emulsions  by  Fluorocolorimetric 

Method .  331 

Drying  and  Semidrying.  Analysis  When  Heat-Bodied .  90 

Essential  Volatile,  a-Dicarbonyl  Detection  in .  621 

Fish  Liver,  Vitamin  Potency  of . 126,179,436,509 

Gallic  Acid  Determination  as  Antioxidant  in .  427 

for  Quenching  Aluminum  Alloy  Castings,  Spectrophotometric  Study 

of  Oxidation  of .  740 

Sesame,  Determination  of  Sesamin  in .  166 

Tung  Estimation  as  Adulterant  in  Other  Oils .  511 

Vitamin  A  Assay  by  Destructive  Irradiation .  288 

Olefin  Unsaturation  Determined  by  Bromine  Substitution .  617 

Orange  Peel  Oil,  a-Dicarbonyl  Detection  in .  621 

Organic  Compounds 

Acid  Microidentification  by  Partition  Method .  479 

Bomb  Furnace  for  Carius  Digestion .  308 

Vapors,  Stopcock  Lubricants  for  Use  with .  415 

Organic  Matter 

Arsenic  Ultramicrodetermination  in,  by  Gutzeit  Spot  Filtration.  .  .  .  400 

Phosphorus  Microdetermination  in,  by  Rapid  Digestion .  345 

(See  also  Biological  Material.) 

Osmium  Trace  Determination  by  Colorimetric  Method .  342 

Osmometry  of  High-Polymer  Solutions .  520 

Oxidation-Reduction  Indicators,  Substituted  1,10-Phenanthroline 
Complexes  as .  580 


Oxygen 

Capacity  Determination  in  Blood,  Using  Detergents 


581 


Determination  of  Penetration  Rate  of,  into  Food-Packaging 

Materials .  586 

Dissolved,  Stable  Starch  Solution  for  Determination  of .  369 


PAINT 

Dry  Hiding  Power  Determination  of . 

Pigment  Determination  in  Carbon  Black  and  Iron  Blue  Types  of .  .  . 

Pigment  Evaluation  for  Metal  Protection . 

Thinners.  Evaporation  Indices  of  Solvent  Naphthas . 

(See  also  Enamel.) 

Palladium  Separation  from  Hydrogenation  Reaction  Mixtures . 

Pantothenic  Acid  Determination  by  Yeast  Microbiological  Method.  .  . 
Paper  Package  Coatings,  Apparatus  for  Measuring  Gas  Permeability 

of . 

Peanut  bil,  Tung  Oil  Estimation  as  Adulterant  in . 

Pectic  Acid  Determination  in  Solution  by  Electrodeposition . 

Pectin 

Methoxyl  Determination  in.  Errors  in  Zeisel  Method  Due  to  Re¬ 
tained  Alcohol . . : . 

Microdetermination  in  Biological  Materials . 

Soluble,  Determination  by  Electrodeposition . 

Penicillin  Estimation  by  Rapid  Method . 

4-Pen  tene,  Anti-1, 5-di-(p-methoxyphenyl)-l-hydroxylamino-3-oxim- 

ino-,  for  Tungsten  Determination . 

Pentose-Furfural  Method  for  Pectin  Microdetermination  in  Biological 

Materials . . . 

Perchloric  Acid,  Recommended  Specification  for . 

Perilla  Oil,  Heat-Bodied,  Analysis  of . ■ . 

Permanganate  Determination  Iodometrically  in  Presence  of  Copper.  . 
Permanganate  Solution  Standardization  against  Arsenious  Oxide  with 

Iodine  Monochloride . 

Permeability  of  Film  Material  to  Gas,  Apparatus  for  Measurement  of. 

Permeability  of  Organic  Films  to  Water  Vapor . 

Petroleum 

Distillate  Diesel  Fuels,  Gum  Content  of . 

Fractions,  Furfural  Solution  Temperatures  of . 

Hydrocarbon  Analysis  by  Sulfuric  Acid  Extraction.  (Correction, 

727) . 

Hydrocarbons.  Physical  Methods  of  Analysis . 

Oil-Soluble  Sodium  Sulfonates  Analyzed  by  Adsorption . 

(See  also  Gasoline  and  Lubricants.) 

Pharmaceuticals,  Thiamine  Microdetermination  in . 

1,10-Phenanthroline  Ferrous  Complexes  as  Oxidation-Reduction 

Indicators . . . 

io-Phenanthroline  Method  for  Iron  Determination . 

Phenols  „  , ,  ,  .  . 

Alkylated,  Phenyl  Isocyanate  Derivatives  of.  Melting  Points  and 

X-Ra^-  Diffraction . . .•••■■ . .  •  •  •  . . 

o-CresoI  Determination  in,  by  Cloud  Point  (Correspondence) . 

Determination  in  Dilute  Solutions  by  Gibbs  Method . 

Qualitative  Tests  for  o-,  m-,  p-Cresols  and . . . 

Phenyl  Isocyanate  Derivatives  of  Alkylated  Phenols.  Melting  Points 

and  X-Ray  Diffraction . 

Phosphates,  Silica  Determination  in  Condensed  Steam  in  Presence  of . 

Phosphomolybdic  Acid  Color  Reaction  Studied  Qualitatively . 

Phosph  or us 

Determination  in  Limestone  by  Photometric  Method . 

Determination  by  Molybdenum  Blue  Reaction.  . . 

Determination  as  Molybdivanadophosphoric  Acid. . . 

Determination  as  Phytate.  Iron-Phosphorus  Relation  in  Ferric 

Phy  tate . . . . 

Determination  in  Plant  Material  by  Photometric  Method . 

Microdetermination  by  Rapid  Digestion. . •  •  •  . . 

Phosphorus  Pentoxide,  Recommended  Specification  for . 

Photometry 

Analysis  of  Errors  at  High  and  Low  Absorptions . 

Liquid  Level  Automatic  Control  in . . . 

Photometer  for  Carbon  Disulfide  Determination  in  Air  (Correction) . 

Photometer  for  Film  Determination  in  Detergent  Processes . 

Phthalate  Determination . . . .  •  -  •  •  ■••••••. . 0 

Phthalic  Anhydride  Determination  in  Oil-Modified  Alkyd  Resins .  .  .  198 

Phy  tin  Phosphorus  Determination . 

Pigments.  See  Paint. 

Plant  Material  .  .  . 

Ascorbic  Acid  Microdetermination  in  Large  Numbers  of  Samples.  .  . 

Carotene  Determination  in,  by  Chromatographic  Method . 

Chlorophyll,  Carotene,  and  Xanthophyll  Determination  in . 

Magnesium  Microdetermination  in,  with  8-Hydroxyquinoline . 

Mineral  Contamination  in  Grinding  of . 

Molybdenum  Microdetermination  in . . 

Nitrate  Determination,  Purification  of  30%  Hydrogen  Peroxide  for. 
Nitrate,  Nitrite,  and  Ammonium  Nitrogen  Determination  in  Ex¬ 
tracts  of  . . . 

Nitrogen,  Phosphorus,  and  Potassium  Determination  in . 

Staining  Rubber  in,  When  Ground  or  Milled . 

.  Starch  Determination  in,  by  Polarimetric  Method . 

Plasma.  See  Blood. 

Plasticizer  Determination  in  Cellulose  Esters . 

Plastics 

Films,  Water  Vapor  Permeability  of . 

Identification  by  Systematic  Procedure . 

Tubing  Joined  to  Glass . 

(See  also  Resins.)  ,  . 

Platinum  Separation  from  Hydrogenation  Reaction  Mixtures . 

Polarographic  Cell  for  Rapid  Analysis . 

Polarographic  Metal  Analysis.  Copper  Group. 

Polymerization  by  Emulsion  of  Synthetic  Rubber  in  10-Gram  Systems. 

Polymers.  Acidity  Determination  by  Potentiometric  Method . 

Polymers.  Osmometry  of  High-Polymer  Solutions . ........ 

Potassium  Determination  in  Fertilizer  Mixtures.  Removal  of  Am¬ 
monia  and  Organic  Matter  without  Ignition. . . . 

Potassium  Determination  in  Plant  Material  by  Photometric  Method. 

Potassium  Dichromate  Aqueous  Solutions,  Color  of. . . . 

Potassium  Dichromate  in  Iron  Determination,  Using  Silver  Reductor. 
Potassium  Ferricyanide  and  Ferrocyanide.  See  Cyanide. 

Potassium  Hydroxide,  Sodium  Determination  in . 

Potassium  Iodate  Standard  Solutions,  Stability  of ...............  -  •  • 

Potassium  Permanganate  Standardization  against  Arsenious  Oxide 

with  Iodine  Monochloride .  . 

Potato,  Dehydrated,  Sulfur  Dioxide  Determination  in . 

Potato,  Sweet,  Starch  Determination  in  Products  from. ........... 

Potentiometric  Acidity  Determination  in  _  Highly  Colored  Materials. 
Petroleum  Lubricants  Containing  Additives . 
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Pouring  Plate  of  Monel  Metal  for  Silica  Fusions .  590 

Powder  Diffraction.  See  X-Rays. 

Precipitants,  Salieylimines  as  Organic  Type  of .  750 

Pressure 

Control  in  Fractionation  at  Low  Pressure  and  Temperature .  40 

Fatty  Acid  Methyl  Esters  Identified  by  Vapor  Pressure  Curves.  .  .  .  605 

Osmotic,  Measured  for  High-Polymer  Solutions .  520 

Protein 

Filtration  under  Vacuum.  Device  for  Renewing  Filter-Cake  Surface.  365 

in  Food,  Determination  of  Nutritive  Value  of . .  696 

Foodstuffs,  Determination  of  Spoilage  in,  Particularly  Fish .  490 

Pulp.  Hemicellulose  Determination  by  Photometric  Method .  429 

Pulp  from  Wood.  Molecular  Weight  of  Cellulose .  351 

Pump  for  Gas  Collection  Automatically  at  Low  Pressures .  592 

Pycnometer  for  Volatile  Liquids . 55 

Pyrethrolone,  Determination  of  Carbon-Linked  Methyl  Groups  in. .  .  .  434 

Pyrethrum  Solubility  in  Freon  Determined .  453 

Pyridine  Estimation  in  Mixture  with  Acetic  Acid  for  Riboflavin  De¬ 
termination  . e . . . .  583 

Pyridine  for  Manganese  Separation  from  Iron,  Chromium,  Vanadium, 

and  Cerium .  187 


QUALITATIVE  Analysis,  Spectrographic  Techniques  for .  675 

Quantitative  Analysis,  Spectrographic  Emission  Equipment  for.  Pro¬ 
posed  Minimum  Requirements .  670 

Quantitative  Analysis,  Spectrographic  Techniques  for .  653 

Quenching  Oil.  See  Oils. 

Quinaerine  Hydrochloride,  Amino  Side-Chain  Analysis  of .  431 

Quinine  as  Standard  in  Thiamine  Determination.  Effect  of  Tempera¬ 
ture  and  Dissolved  Oxygen .  572 


RACK  for  Semimicrotitration .  346 

Raney  Nickel  Separation  from  Hydrogenation  Reaction  Mixtures.  .  .  .  637 

Rapeseed  Oil,  Tung  Oil  Estimation  as  Adulterant  in .  511 

Rayon 

Hemicellulose  Determination  by  Photometric  Method .  429 

Molecular  Weight  of  Cellulose .  351 

Regenerated  Fabric  Dispersions  in  Cuprammonium,  Flow  Charac¬ 
teristics  of .  172 

Reading  Scale  of  Microbalance,  Device  for  Projecting  Image  of .  645 

Reagent  Analytical  Chemicals,  Recommended  Specifications  for .  281 

Reducing  Agents,  Phosphomolybdic  Acid  Color  Reaction  with .  637 

Reduction-Oxidation  Indicators,  Substituted  1,10-Phenanthroline 

Ferrous  Complexes  as .  580 

Reflux.  See  Distillation. 

Refractive  Index,  Spirit  of  Camphor  Analysis  by  Specific  Gravity  and.  168 

Refractive  Index  of  Starch  Conversion  Products .  161 

Reservoir  for  Hot  Distilled  Water .  201 


Resins 

Acidity  Determination  by  Potentiometric  Method . 

Alkyd  Oil-Modified,  Phthalic  Anhydride  Determination  in . 198, 

Identification  by  Systematic  Procedure . 

(See  also  Plastics.) 

Riboflavin  Determination,  Pyridine  Content  of  Pyridine-Acetic  Acid 

Mixture  Used  in . . 

Rotenone  Color  Tests  Not  Specific . 


219 

200 

541 
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Rubber 

Analysis,  Compounded  with  Synthetic  Rubber.  (Correction,  486) .  .  9 

Carbon-Reinforced,  Electron  Microscope  Study  of .  642 

Connections  to  Glass  Tubes .  348 

Curing  Rate  Determination. . 15.  562 

Extraction  Apparatus,  Crucible  Holder  for . _ .  721 

Extraction  Apparatus,  Solvent-Recovery  Take-Off  Device  for .  722 

Freeze  Tests,  Alternating  Current  Solenoid  for .  588 

Identification  of  Elastomers  by  Rapid  Method .  424 

Staining  in  Ground  or  Milled  Plant  Tissues .  480 


Analysis,  Compounded  with  Natural  Rubber.  (Correction,  486) . 

Buna  S.  o-Xylene  Determination  in  Recycle  Styrene . 

Butadiene  Specific  Gravity . 

Butyl,  Curing  Rate  Determination  of . 

Butyl,  Sulfur  Determination  in. . 

Carbon-Reinforced,  Electron  Microscope  Study  of . 

Curing  Rate  Determination . 

Emulsion  Polymerization  in  10-Gram  Systems . 

Freeze  Tests,  Alternating  Current  Solenoid  for . 

Identification  of  Natural  Rubber  and . 
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SAFETY  Cap  for  Glass  Distillation  Equipment .  276 

Salieylimines  as  Organic  Precipitants .  750 

Saponification  of  Esters  by  Semimicroprocedure .  41(j 

Sesame  Oil,  Sesamin  Determination  in . .  too 

Sesame  Oil,  Tung  Oil  Estimation  as  Adulterant  in .  oil 

Sesamin  Determination  in  Sesame  Oil . . . - .  166 

Shark  Liver,  Extraction  of  Oil  and  Vitamin  A  from .  120 

Determination  in  Aluminous  Materials  by  Molybdenum  Blue  Re- 

action . •-••••, . . 

Determination  by  Colorimetric  Methods . 

Determination,  Dissolved  in  Water. . . .  612 

Determination  in  Steam  in  Presence  of  Phosphates .  0/4 

Fusions,  Monel  Metal  Pouring  Plate  for.. ...... .  ................  590 

Silicomolybdate  in  Tin  Mierodetermmation  by  Colorimetric  Method .  269 

Silicon  Determination  in  Aluminum. .  .  .  .....  ....  - ■  ;  'U0 

Silicon  Determination  in  Copper-Base  Alloys  by  Photometric  Method .  309 

Silver  Reductor  in  Iron  Determination  with  Dichromate .  49 

Sirup  from  Corn,  Refractive  Index-Dry  Substance  Tables  for .  161 

Soap-Detergent  Mixtures  Analyzed  in  Bar  F orm  .  209 

Soap-Oil  Mixtures  Analyzed  by  Adsorption  of  Sodium  Sulfonates -  25 

Sodium  Determination  in  Potassium  Hydroxide  . . .  10/ 

Sodium  Aluminate,  Silica  Determination  in  Solutions  of .  705 

Sodium  Hypochlorite  in  Titrimetric  Microanalysis . •  ■  •  •  -ob 

Sodium  Phosphate  (Dibasic,  Heptahydrate) ,  Recommended  Speci-  ^ 

Sodium°Sulfonates  Soluble  in  Petroleum  Oil,  Analyzed  by  Adsorption .  25 

Sodium  Thiosulfate  Standardization  for  Titrations .  oa 

Soil.  Molybdenum  Microdetermination  in. . . . to/ 

Soil,  Nitrate,  Nitrite,  and  Ammonium  Nitrogen  Determination  in 
Extracts  of . 


Solenoid  of  Alternating  Current  Type  for  Freeze  Tests .  588 

Solids 

Analysis  by  Powder  Diffraction .  209 

Extractor  of  Large  Continuous  Type .  472 

Microapparatus  for  Purification  of . .  478 

Total.  Apparatus  for  Determination  in  Water .  120 

Solubility  Microdetermination,  Apparatus  for .  413 

Solution  Concentration  (Predictable)  Owing  to  Evaporation .  349 

Solvent  Hydrocarbons  Purified  for  Absorption  Spectroscopy .  556 

Solvent  Recovery  by  Take-Off  Device  for  Rubber  Extraction  Appa¬ 
ratus .  722 

Soybean 

Lipid  Determination  in,  as  Measurement  of  Maturity .  701 

Meal,  Detection  of  Inadequate  Heat  Treatment  of .  640 

Oil,  Heat-Bodied,  Analysis  of .  90 

Specific  Gravity  Determinations.  Pycnometer  for  Volatile  Liquids.  .  .  55 

Specific  Gravity,  Spirit  of  Camphor  Analysis  by  Refractive  Index  and.  168 

Specifications  for  Reagent  Analytical  Chemicals .  281 

Spectrometry  • 

Absorption  Solvents  Purified  for .  556 

Acetylene-Air  Flame  for .  728 

Emission  Equipment  for  Quantitative  Analysis.  Proposed  Mini¬ 
mum  Requirements .  670 

Infrared  Analysis  of  Butadiene .  422 

Qualitative  Techniques .  675 

Quantitative  Techniques .  653 

Ultraviolet  Absorption  of  Unsaturated  Fats  and  Fatty  Acids .  385 

Spoilage  Determination  in  Protein  Foodstuffs  and  Fish .  490 

Spoilage  in  Fish,  Volatile  Base  Microdetermination  as  Index  of .  593 

Spot  Reaction  for  Cadmium .  141 

Spray  Residues  of  Xanthone  Analyzed  Colorimetrically .  35 

Starch 

Conversion  Products,  Refractive  Index-Dry  Substance  Tables  for.  .  161 

Determination  in  Sweet  Potato  Products  and  Other  Plant  Materials.  736 

Ground  as  Indicator  in  Iodometry .  772 

Solution  Stabilized  for  Dissolved  Oxygen  Determinations .  369 

Steam,  Silica  Determination  in . 574,  612 

Steel 

Carbon  Determination  in,  by  Low-Pressure  Combustion.  .  .  .242,  248,  634 

Chromium  Determination  in,  by  Colorimetric  Method .  507 

Copper  Determination  in,  by  Colorimetric  Procedure .  80 

Germanium  Determination  in,  by  Gravimetric  Method .  311 

Nickel  Determination  in,  by  Colorimetric  Method .  375 

Phosphorus  Determination  in,  as  Molybdivanadophosphoric  Acid.  379 

Tin  Microdetermination  in,  with  Silicomolybdate .  269 

Tungsten  Determination  in . 45,607 

Still.  See  Distillation. 

Stopcock  Lubricants .  415 

Styrene,  a,p-Dimethylstyrene  Determination  in  Presence  of .  20 

Styrene,  o-Xylene  Determination  in .  751 

Sugars 

Analysis,  Lead  Subacetate  Specifications  as  Reagent  for .  281 

d-Galactose  Determination  by  Selective  Fermentation .  28 

Maltose  Determination  in  Presence  of  Glucose .  582 

Microdetermination,  Sichert  and  Bleyer  Reagent  Modified  for. 

(Correction,  693) .  537 

Phosphomolybdic  Acid  Color  Reaction  with .  637 

Sulfanilyl  Chloride,  Acetyl-,  Analysis  by  Karl  Fischer  Reagent .  517 

Sulfate 

Determination  in  Cellulose  Nitrate  and  Other  Esters .  391 

Microdetermination  by  Benzidine  Sulfate  Precipitate .  536 

Sulfur  Determination 

in  Brass  and  Bronze  by  Combustion .  349 

in  Butyl  Rubber,  Total  and  Combined .  98 

in  Feeds  by  Nitric  and  Perchloric  Acid  Digestion . .  630 

Sulfur  Dioxide  Determination  in  Dehydrated  Foods.  .  .  . .  153 

Sulfuric  Acid,  Hydrocarbon  Analysis  by  Extraction  with.  (Correc¬ 
tion,  727) .  558 

Surface  Area,  Apparatus  for  Measurement  of .  398 

Sweet  Potato.  See  Potato. 


TALL  OIL,  Iodine  Number  Method  for . 

Tannin  Colorimetric  Method  for  Beryllium  and  Aluminum . 

Tenderness  of  Dehydrated  Fish  Determined  in  Instrument  for  Measur¬ 
ing  Texture  Changes . 

Ternary  System  Acetone-Benzene-Water  Analyzed . 

Tetraethyllead  Determination  in  Gasoline . 

Textile-Finish  Identification  Stains . 

Thiamine  Determination 

in  Beef  Muscles.  Comparison  of  Methods. . 

in  Pharmaceuticals.  Rat-Curvative,  Thiochrome,  and  Fermen¬ 
tation  Methods . 

by  Thiochrome  Method . . 

by  Yeast-Growth,  Yeast-Fermentation,  and  Thiochrome  Methods. 
Thiochrome.  See  Thiamine. 

Thiosulfate  Washers  in  Alkoxy  Microdeterminations . 

Timing  Siphon . . 

Tin 

Alloys,  Antimony  Determination  in . 

Determination  by  Iodometric  Method .  . 

Microdetermination  with  Silicomolybdate. . 

Separation  from  Copper  in  Electrodeposition  Apparatus . 

Titrimetry 

Chlorometry  as  Procedure  for  Microanalysis . . 

Conductometric  Apparatus  for . 

Microburet  for . 

Rack  for  Semimicroanalyses. . 

Volume  Measured  Precisely  in .  . 

Tobacco,  Nicotine  and  Nornicotine  Determined  in . 

Tobacco,  Nornicotine  Identification  in . 

Torch,  Micro- . . . 

Toxicity  of  Acrylonitrile  in  Air,  Microtests  for . . . . . 

Triton  F  (Dimethyldibenzylammomum  Hydroxide),  Viscometric 

Chain  Length  of  Wood  Cellulose  in . 

Tung  Oil  Estimation  as  Adulterant . 

Tung  Oil,  Heat-Bodied,  Analysis  of  . . . . . . . 

Tungsten  Determination  Gravimetrically  with  Anti-1, 5-di-(p-methoxy- 

phenyl)-  1-hydroxy  lamino-3-oximino-4  -pen  tene . 

Tungsten  Determination  in  Steel  Spectrographically . 
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346 
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683 
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Turpentine,  Destructively  Distilled.  Detection  in  Other  Turpentines 
by  Aniline  Point .  603 


ULTRAVIOLET.  See  Spectrometry. 


VALVE  of  Constant-Level  Float  Type . . .  201 

Van  Slyke  Method.  See  Blood. 

Vanilla  Extracts,  Vanillin  and  Coumarin  Determined  in .  505 

Vanillin  Determination  in  Flavoring  Extracts.  See  preceding  item. 
Vegetables,  Amino  Acid  Analysis  of.  Carbohydrate-Free  Extraction 

<'i  Nitrogen  . . . . .  609 

Vegetables,  Lipid  Determination  in,  as  Measurement  of  Maturity.  .  .  .  701 

Viscosity  of  Cellulose,  Precise  Method  for .  104 

Viscosity  Measurement.  Calibrated  Master  Viscometers .  708 

Vitamins 

A,  Alcohol  and  Ester  Forms  Separated  by  Solvent  Extraction  and 

Chromatographic  Methods . . .  509 

A,  and  Carotene  Determined  in  Milk . . .  101 

A,  and  Carotenoids  Determined  in  Butterfat . 83,  190 

A,  Determination  in  Dehydrated  Eggs .  632 

A,  Determination  in  Fish  Liver  Oils  by  Spectroscopic  Method .  436 

A,  Determination  in  Margarine  by  Spectrophotometric  Methqd .  .  .  .  358 

A,  Reagent  Dispenser  for  Determination  of .  241 

A,  Shark  Liver  Analysis  for  Oil  and .  126 

A,  Spectrophotometric  Assay  by  Destructive  Irradiation .  288 

Ascorbic  Acid  Microdetermination  in  Plant  Samples .  649 

Ascorbyl  Esters  Determined  in  Fats  and  Oils .  464 

Assays,  Electrode  for  Microtitration  of .  205 

C,  Estimation  in  Presence  of  Iron  Salts .  757 

Carotene,  Chlorophyll,  and  Xanthophyll  Determination  in  Plants.  .  438 

Carotene  Determination  in  Alfalfa . 184,  513 

/3-Carotene  Isomerization  as  Affecting  Absorption  at  326  Milli¬ 
microns .  328 

D,  Antimony  Trichloride  Reaction  of .  179 

Ergosterol  Determination  by  Colorimetric  Method .  495 

Pantothenic  Acid,  Yeast  Microbiological  Determination  of .  67 

Riboflavin  Determination,  Estimation  of  Pyridine  in  Acetic  Acid- 

Pyridine  Mixture  for .  583 

Thiamine  Determinations . 116,  476,  572,  576 

Volume  Measured  Precisely  in  Titrimetric  Analysis . . .  50  i 

Volume  Reading  Facilitated  in  Moisture  Determinations  by  Dis¬ 
tillation .  720  j 


WARING  Blendor  for  Continuous  Emulsification .  717 

Wastes,  Industrial.  Phenol  Determination  in  Dilute  Solutions .  694 

Water 

Absorption  Determined  by  Accelerated  Method .  487 

Alkalinity  Indicator  for  Boiler  Feedwater  (Correspondence) .  273 

Carbon  Dioxide  Determination  in .  315 

-Detergent  Film  Determination  on  Transparent  Surfaces . 251,  253 

Determination  by  Distillation,  Volume  Reading  Facilitated  in .  720 

Determination  in  Egg  Powder .  628 

Distilled,  of  High  Purity,  Column  for  Continuous  Production  of .  .  .  .  748 

-Ethyl  Ether-Benzene— Ethanol  Solutions  Analyzed .  432 

Evaporator  for  Determination  of  Total  Solids  in .  120 

Ion-Exchange  Adsorbers  for .  616 

Magnesium  Microdetermination  in,  w-ith  8-Hydroxyquinoline .  595 

Phenol  Determination  in,  by  Gibbs  Method .  694 

Reservoir  for  Hot  Distilled  Water .  201 

Silica  Determination,  Dissolved  in .  612 

Valve  of  Constant-Level  Float  Type  for  Filling  Bottles .  201 

Vapor  Permeability  of  Organic  Films .  686 

( See  also  Humidity  and.  Steam.) 

Wax  Determination  in  Cotton  Fiber  by  Alcohol  Extraction .  745 

Weighing 

Bottles,  Device  for  Rapid  Closing  of .  579 

Buret,  Modified  Bailey  Type  of .  357 

Funnels .  133 

Weights  Corrected  to  Vacuum,  Nomograph  for .  275 

Wijs  Solution.  See  Iodine  Number. 

Wood 

Cellulose.  Viscometric  Chain  Length  in  Triton  F. . .  683 

Furfural  Determination  by  Iodine  Method  in  Hydrolyzed  Liquors 

from . 319 

( See  also  Pulp.) 


X-RAY 

Camera,  Funnel  for  Filling  Capillaries  of . . 

Crystalline  Materials  Determined  by  Diffraction  Patterns . 

Phenyl  Isocyanate  Derivatives  of  Alkylated  Phenols  Identified  by .  . 

Powder  Diffraction  for  Chemical  Analysis. . . 

Xanthone  Spray  Residues,  Colorimetric  Analysis  of . 

Xanthophyll  Determination  in  Plants . 

o-Xylene  Determination  in  Styrene  Recycle . . 

Xylene  in  Extraction  of  Oil  and  Vitamin  A  from  Shark  Liver . 


343 
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304 
209 
35* 
438 
751 
126 


YEAST  Growth  or  Fermentation  Methods  for  Thiamine  Determina¬ 
tion  . . . 

Yeast  Microbiological  Determination  of  Pantothenic  Acid . 


ZEISEL  Method.  See  Methoxyl. 

Zeo-Karb  as  Exchange  Adsorber,  Quantitative  Separations  with.  . 

Alloys,  Microdetermination  of  Copper,  Lead,  and  Cadmium  in 

Benzoin  as  Fluorescent  Microreagent  for  (Correction) . 

Determination  in  Cyanide  Brass-Plating  Baths . 

Determination  with  8-Hydroxyquinaldin.e . 

Determination  in  Magnesium  Alloys . 

Determination  in  Naphthenate  of  Zinc . 

Determination  by  Titrimetric  Method. .  .  .  .  .  .  . . 

Microdetermination  by  Fluorescent  Turbidity  Measurement. . . 
as  Reagent  Chemical,  Recommended  Specification  for . 
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